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PEEPACE. 


Ohe  of  the  most  noteworthy  characteristics  of  the  present  time 
is  the  growing  recognition  of  science  as  the  highest  form  of 
practical  knowledge,  and  of  the  fact  that,  since  the  processes  of 
industrial  art  are  bat  particular  instances  of  the  general  habitudes 
of  nature,  the  successful  conduct  of  technical  operations,  no  less 
than  the  improvement  of  particular  branches  of  industry,  involves 
acquaintance  with  natural  &usts  and  principles,  which  it  is  the 
special  business  of  abstract  science  to  deal  vHith  altogether  apart 
from  considerationB  of  utility. 

In  this  respect  no  branch  of  science  is  more  important  than 
Chemistry,  because  there  is  scarcely  any  great  industry  in  which 
the  materials  operated  upon  are  not,  at  some  stage  or  other, 
made  to  undergo  chemical  alteration.  In  the  extraction  of  the 
useful  metals  from  their  ores,  in  the  making  of  glass  and  pottery- 
ware,  in  dyeing  and  calico-printing,  as  well  as  in  the  preparation 
of  various  articles  of  food,  such  as  bread,  beer,  etc.,  the  desired 
results  are  obtained  by  producing  suitable  chemical  alterations. 

The  various  branches  of  industry  involving  a  knowledge  of 
Chemistry  are  moreover  of  such  vast  national  importance  that, 
while  special  practical  experience  is  essential  for  their  conduct, 
some  general  acquaintance  with  them  is  calculated  to  be  useful 
to  those  not  directly  engaged  in  such  pursuits ;  since  the  develop- 
ment or  modification  of  old-established  industries,  as  well  as  the 
introduction  of  new  ones  by  the  application  of  chemical  dis- 
coveries, often  determine  radical  and  far-reaching  changes  that 
inflaence  general  commerce  not  less  than  particular  departments 
of  trade. 
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A  knowledge  of  Chemistry  is,  therefore,  to  be  regarded  as  one 
of  the  most  essential  qualifications  of  those  engaged  in  mann- 
factoring  pnrsnits,  and  on  this  account  it  has  long  been  made  a 
subject  of  study  in  Continental  schools.  The  desirability  of 
adopting  a  similar  course  in  this  country  is  gradually  becoming 
recognised,  and  it  is  believed  that  a  work  treating  of  the  technical 
applications  of  Chemistry,  in  a  concise  and  systematic  manner, 
will  be  of  service  in  promoting  the  general  introduction  of  its 
study  in  schools  and  technical  colleges. 

From  these  points  of  view  Payen's  Precis  de  Ohimie  industrielle 
has  been  selected  as  the  basis  of  this  work,  because  it  has  always 
held  a  high  position  in  France — where  the  study  of  Chemistry 
in  its  practical  relations  has  long  been  systematically  carried  out 
— as  well  as  in  Germany — ^where  the  technical  value  of  science 
is  most  of  all  appreciated  and  most  successfully  realised. 

The  systematic  treatment  of  the  subject  in  the  original  work 
has  been  rendered  more  complete  by  the  addition  of  several 
chapters  on  the  general  chemistry  of  the  metals  and  metal- 
lurgical operations,  as  well  as  several  other  branches  of  industry 
not  dealt  with  in  the  French  or  German  editions ;  so  that  the  book 
will  serve  as  a  manual  of  Chemistry  no  less  than  as  a  source  of 
information  as  to  the  nature  of  paHdcular  industrial  operations. 
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GENERAL  INTRODUCTION. 

Wtttore  of  ClMinioal  Vlieiiomeiia. — In  most  of  the  operatioius  of  naturo  and 
art  there  is  some  obrious  alteration  of  the  material  substances  concerned  in  them. 
Such  phenomena  are  the  sensible  manifestations  of  the  activity  inherent  in  all  sub- 
stances, and  they  are  of  two  kinds.  Thus,  for  instance,  a  bar  of  iron,  when  sufficiently 
heated,  changes  colour  and  becomes  luminous :  a  mass  of  lead,  under  similar  condi- 
tions, becomes  liquid ;  and  a  lump  of  sugar  placed  in  water  gradually  disappears,  com- 
municating its* sweet  taste  to  the  water.  Otherwise  than  in  Uiose  particulars,  however, 
the  seveni  substances  remain  unaltered  in  all  these  instances :  although  the  heated 
iron  is  red,  luminous,  and  softer  than  it  was  before  being  heated,  it  is  just  as  much 
iron ;  while  the  liquid  lead  is  essentially  the  same  substance  that  it  was  before  being 
melted.  So,  likewise,  the  solution  of  sugar  in  water  is,  like  most  other  cases  of  simple 
solution,  a  phenomenon  in  which  the  alteration  of  either  substance  extends  only  so 
far  as  u  indicated  by  the  sugar  becoming  liquid  and  the  water  sweet ;  with  these  ex- 
ceptions, both  substances  maintain  their  individuality,  and  they  may  be  separated  by 
simply  evaporating  the  water,  when  the  sngar  will  remain  behind  unchanged  in 
quantity  or  in  any  of  its  characters.  Phenomena  of  this  kind  are  tended  Physical  in 
the  more  restricted  sense  of  the  word,  and  their  consideration  belongs  to  the  science  of 
Physics. 

But  a  more  radical  alteration  of  material  substances  is  the  specially  characteristic 
feature  of  many  phenomena.  Thus,  when  iron  is  exposed  to  the  air,  it  becomes  coated 
with  a  reddish  crust,  which  gradually  becomes  thicker,  and  after  a  sufficient  length  of 
time  the  entire  mass  of  the  iron  is  converted  into  a  red  substance.  Again,  when  a 
lump  of  sugar  is  suddenly  heated,  it  melts,  assumes  a  dark  colour  and  swells  up, 
giving  off  a  quantity  of  vapour,  until  at  last  there  remains  a  black  coaly  mass.  The 
alteration  in  both  instances  is  of  such  a  nature  that  the  distinctive  characters  of  the 
original  substances  totally  disappear  and  what  remains  is,  in  each  case,  not  iron  or 
«ig»r. 

The  changes  that  take  place  in  the  rusting  of  iron  and  in  the  charring  of  sugar 
serve  to  illustrate,  in  a  general  way,  the  nature  of  chemical  action,  and  of  Uie  pheno 
mena  which  are  termed  Chemical,  in  contradistinction  to  Physical  or  Mechanical 
phenomena,  that  do  not  involve  an^  such  radical  alteration  of  material  substances. 
The  peculiar  characteristic  of  chemical  phenomena  is  the  production  of  substances 
altogether  different  from  those  concerned  in  their  formation.  In  this  respect  the 
effect  of  chemical  action  differs  essentially  from  that  of  mere  mechanical  mixture  or 
separation.  Thus,  for  instance,  if  powdered  sulphur  be  intimately  mixed  with  very 
finely  divided  iron  filings  until  the  mixture  appears  to  the  eye  as  a  perfectly  unifona 
grey  powder,  there  is  still  no  alteration  of  the  two  substances  bejond  intermixture, 
the  particles  of  sulphur  and  iron  may  be  seen  by  the  aid  of  a  powerful  microscope, 
and  they  may  even  be  separated  mechanically  by  mixing  some  of  the  powder  -nitll 
sleohol,  and  stirring  with  a  magnet,  to  which  the  particles  of  iron  will  adhere,  leaving 
the  sulphur  as  a  yellow  powder.  The  separation  may  also  be  effected  by  digesting 
the  powder  with  some  liquid  that  dissolves  sulphur  witJiout  acting  upon  iron  or  the 

B 


'r 


2  PHYSICAL  CHARACTERS  OF  SUBSTANCES. 

If,  however,  some  of  the  mixed  powder  be  heated  on  an  iron  plate,  it  becomes  in- 
candescent, cakes  together,  and  assumes  a  darker  colour.  After  this  has  taken  place, 
it  is  no  longer  possible  to  recognise  distinct  particles  of  iron  and  sulphur  in  the 
mass  that  remains,  nor  is  it  possible  to  separate  those  substances  as  before  by  any  of 
the  means  above  (lescribed.  In  fact,  the  substance  that  remains  is  neither  iron  nor 
sulphur :  the  alteration  of  these  substances,  as  a  result  of  chemical  action,  being  of 
such  a  nntiire  that  both  the  sulphur  and  the  iron  disappear  as  such,  and  another  sub- 
stance distinct  &om  both  of  them  is  produced.  In  all  cases  of  chemical  action  there 
is  such  a  positive  metamorphosis  of  material  substances,  and  phenomena  of  this  kind 
constitute  the  subject-matter  of  chemical  science. 

Many  phenomena  connected  with  agriculture,  animal  nutrition  and  domestic 
economy,  as  well  as  many  of  the  processes  of  manufacturing  industry,  are  essentially 
chemical ;  hence  the  successful  conduct  of  various  operations  of  the  Industrial  arts 
presupposes  an  acquaintance  with  the  general  principles  of  Chemistry  as  well  as 
special  practical  experience. 

BeflBitloii  of  Oliemistrj'. — In  conformity  with  the  distinction  already  pointed 
out  as  existing  between  physical  and  chemical  phenomena,  Chemistry  may  be  defined 
as  that  branch  of  physical  science  which  treats  of  the  nature  and  relations  of  material 
substances,  as  regards  their  constitution  and  the  metamorphoses  of  which  they  are  sus- 
ceptible. The  extension  of  this  knowledge  and  the  elucidation  of  general  principles  by 
research,  altogether  apart  from  considerations  of  utility,  constitute  the  special  object  of 
abstract  chemistry.  The  object  of  technical  chemistry,  on  the  contrary,  is  the  practical 
application  of  chemical  knowledge  for  particular  purposes  and  its  utilisation,  either  in 
explaining  the  chemical  processes  that  take  place  in  various  cases,  or  in  modifying 
those  processes  to  answer  particular  ends.  It  is  fW>m  the  latter  point  of  view  that  the 
subject  will  be  dealt  with  in  detail  in  the  following  paffes ;  but  it  is  desirable,  in  the 
first  place,  to  describe  some  of  the  chaiacters  most  intimately  connected  with  the 
physical  constitution  of  substances,  and  to  give  a  brief  r^Mim^  of  the  general  principles 
of  Chemical  Science. 

PHYSICAL   CHARACTERS   OF   SUBSTANCES. 

The  individuality  of  different  substances  is  indicated  to  our  senses  by  certain 
definite  associations  of  characters,  which  are  intimately  connected  with  the  constitu- 
tion or  special  nature  of  the  particular  substances  to  which  they  belong. 

The  physical  characters  of  substances  are  therefore  of  great  interest  to  the  chemist, 
since  they  serve  to  distinguish  a  great  number  of  substances  from  each  other.  Among 
the  most  important  are  the  state  of  aggregation,  density  or  the  relation  of  weight 
and  volume;  colour,  expansion,  fusibility,  and  other  relations  to  light  and  heat; 
solubility,  odour,  taste,  etc. 

State  of  Agvroffatloii.— The  physical  condition— solid,  liquid,  or  gaseous 
— which  a  substance  presents  under  certain  conditions,  is  often  an  important  distinc- 
tive character. 

Some  substances  are  ordinarily  known  only  in  a  single  state  of  aggregation  :  for 
instance,  lime  and  carbon  as  solids ;  atmospheric  air,  hydrogen,  etc.,  as  gases.  Other 
substances  are  known  in  two  states  of  aggregation,  as,  fbr  instance,  alcohol  in  the  liquid 
and  gaseous  states,  platinum  in  the  solid  and  liquid  states.  But  many  substances  are 
capable  of  assuming  all  three  of  these  conditions.  Sulphur,  for  instance,  under  ordinary 
conditions  a  solid  substance,  may  be  melted  by  means  of  heat  and  converted  into  the 
liquid  state,  and  by  further  heating  made  to  assume  the  gaseous  state.  The  same  holds 
good  with  water,  which — under  ordinary  conditions  a  liquid — may  be  converted  by  ab- 
straction of  heat  into  the  solid  state — ice,  and  by  heating  into  the  gaseous  state — steam. 

Certain  physical  characters,  such  as  hardness,  crystalline  form  and  struc- 
ture, etc.,  appertain  specially  to  the  solid  state;  fiuidity  or  internal  mobility  is  a 
common  character  of  the  liquid  and  gaseous  states ;  and  a  high  degree  of  expansi- 
bility is  characteristic  of  the  gaseous  state. 

In  each  of  these  states  substances  are  capable  of  being  subdivided  to  an  exten: 
far  exceeding  the  power  of  observation ;  but  since  the  occupation  of  space  denoted 
by  the  term  extension  is  inseparable  from  the  idea  of  substance  and  inconsistent  with 
infinite  divisibility,  substances  are  regarded  ftrom  a  physical  point  of  view  as  being 
constituted  of  extremely  minute  particles  or  molecules,  and  the  activity  that  is,  in 
some  fbrm  or  other,  a  general  character  of  natural  substances,  is  regarded  as  appertain- 
ing to  these  ultimate  particles  or  molecules,  the  constitution  or  internal  structure  of 
difibrent  substances  as  well  as  various  other  physical  phenomena  being  determined  by 
the  varied  exercise  of  this  inherent  activity. 
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The  internal  consistence  of  a  solid  or  a  liquid  is  indicatiye  of  a  cohesive  action 
hetireen  the  molecules  or  ultimate  particles  of  individual  substances.  This  action  is 
greatest  in  solids,  less  in  liquids,  and  almost  nothing  in  gases. 

The  coheaon  of  different  substances  varies  very  considerably,  as  is  indicated  by 
the  degree  of  resistance  which  they  offer  to  tearing,  breaking,  or  disintegration ;  and 
the  charaetars  of  ton^hnees,  brittleness,  malleability,  etc.,  at  well  as  the  diversihr  of 
internal  structure  indicated  by  differences  in  the  surmces  of  fracture  of  solids,  and  by 
the  degree  of  viscosity  of  liquids,  are  results  of  the  varied  exercise  of  molecular 
action.  Cryatallieation  is  one  of  the  most  remarkable  modes  in  which  the  exercise  of 
force  is  manifested  as  influencing  the  internal  structure  of  many  solid  substances. 
The  regular  geometrical  forms  which  crystallisable  substances  are  capable  of  assuming 
are  often  sn&iently  duuracteristic  to  be  of  considerable  assistance  in  distinguishing 
such  substances  from  each  other :  thus,  for  instance,  the  crystals  of  ordinary  nitre  are 
hexagonal  prisms,  while  those  of  the  corresponding  substance  called  sodium  nitre  are 
cubes. 

HanilljF  I  BpeotHe  Orawltj. — Subsitances  differ  considerably  as  regards 
density,  or  the  ratio  of  quantity  to  volume  denoted  in  ordinary  language  by  the  terms 
heavy  and  light.  Thus,  for  instance,  gold  is  called  a  heavy  substance,  cork  a  light 
substAnce ;  the  one  sinks  in  water  since  its  denmty  is  greater,  the  other  floats  because 
its  density  is  less  than  that  of  water ;  but  both  substances  sink  with  equal  facility 
through  air,  the  density  of  which  is  very  considerably  less  than  that  of  water  or  of 
cork.  Platinum  and  hydrogen  furnish  an  extreme  illustration  of  the  difference.s 
existing  in  respect  to  density,  the  one  being  nearly  24,000  times  as  dense  as  the  other. 
The  density  of  a  substance  is  also  a  character  that  is  constant  under  like  conditions, 
and  therefore  it  often  serves  the  purpose  of  identification  in  conjunction  with  other 
characters. 

Equal  volumes  of  different  substances  necessarily  differ  in  weight  proportionately 
to  their  diflbrence  in  density;  and  the  numerical  expression  of  the  relative  weights  of 
substances,  as  compared  with  some  standard,  is  terme<i  their  specific  gravity. 
Water  is  generally  taken  as  the  standard  of  comparison  for  liquids  and  soli(&  ;  while 
the  standard  for  gases  is  either  atmospheric  air  or  hydrogen. 

The  cubic  inch  of  water  weighs  under  normal  conditions  of  temperature  and 
atmospheric  pressure  252*5  grains,  and  this  is  the  unit  to  which  specific  gravities  are 
referred  according  to  the  English  system  ;  and  the  differences  in  specific  gravity  are 
expressed  in  thousandths.  Thus,  a  cubic  inch  of  sulphuric  acid  weighs  465*62,  and 
consequently  its  specific  gravity  is  1*848 — 

252-5  :  465-62   =   1  000  :  1-848. 

Aooording  to  the  French  system  of  weights  and  measures,  in  which  the  litre  is  the 
unit  of  volume  and  the  gram  the  unit  of  weight,  the  hundredth  part  of  a  litre  of  water 
weighs  1  gram  at  4°  C.  and  the  weight  of  a  cubic  centimetre  of  any  other  substance 
expressed  in  grams  is  also  the  specific  gravity  of  the  substance. 

Practically  considerable  use  is  made  of  specific  gravity.  From  the  specific  gravity 
of  liquids  containing  various  substances  in  solution,  the  amounts  of  such  substances 
may  be  ascertained.  Water  containing  another  substance  dissolved  in  it  is  rendered 
specifically  heavier  or  lighter  according  to  the  nature  of  the  dissolved  substance.  If 
the  substance  dissolved  be  specifically  lighter  than  water,  the  specific  gravity  of  the 
solution  is  reduced ;  as,  for  instance,  in  the  case  of  a  mixture  of  alcohol  ana  water. 
Hm  specific  gravity  is  increased  when  the  substance  dissolved  is  specifically  heavier 
than  water,  as,  for  instance,  in  the  case  of  a  solution  of  salt  or  a  mixture  of  sulphuric 
acid  and  water.  In  the  same  way  the  specific  gravity  of  water  is  increased  or  reduced 
by  the  solution  of  gasee.  The  specific  gravity  of  a  solution  of  ammonia  is  less  than 
that  of  water,  while  that  of  a  solution  of  hydrochloric  acid  gas  is  greater. 

A  very  convenient  instrument  for  determining  the  specific  gravity  of  liquids  is 
the  hydrometer,  which  consists  of  a  hoUow  globe  or  cylinder,  with  a  stem  con- 
stmeted  so  as  to  float  upright  when  immersed  in  a  liquid.  The  volume  and  weight  of 
the  instmment  are  so  regulated  that  it  sinks  in  water  either  to  the  point  A  or  A' 
aoDording  aa  it  is  required  to  indicate  the  specific  gravi^r  of  liquids  specifically 
heavier  or  lighter  than  water,  and  the  points  to  which  the  hydrometer  sinks  in  liquids 
of  variims  specific  gravity  are  indicatea  upon  the  stem,  either  by  figures  corresponding 
to  actual  spedflc  gravity  or  by  arbitrary  degrees.  If  such  an  hydrometer  be  placed  in 
a  Uqaidy  the  spedflc  gravity  can  be  at  once  read  off.  An  instrument  of  this  kind  is, 
however,  (mly  Mnriceable  for  a  definite  temperature,  because  the  specific  gravity  of 
liqakls  altan  with  the  temperature. 

fiydnMBetem  are  also  oonstmcted  so  as  to  indicate  directly  the  amounts  of  par- 
ticalfer  mhstaaeee  in  mixtures  or  solutions :  e.g.  the  alcoholometer  for  determining 
the  aleoholie  oontants  of  a  liquid,  the  saccharimeter  for  determining  the  saccharine 
eootcnte  of  Mlntioiis  of  sugar,  etc. 

b2 


4  PHYSICAL  CHARACTERS  OF  SUBSTANCES. 

Melttnc  Polnti  BoiUnff  Point* — Every  solid  body  that  is  capable  of  assuming 
a  different  state  of  aggregation  must,  for  its  conversion  into  the  liquid  condition,  b« 
raised  to  a  temperature  peculiar  to  itself:  this  temperature  is  termed  the  melting 
point  of  the  substance.  In  like  manner  every  liquid  for  its  conversion  under  the 
ordinary  atmospheric  pressure  into  the  gaseous  state,  must  be  raised  to  a  temperature 
peculiar  to  itself,  and  this  temperature  is  termed  the  boi ling  poi  nt  of  the  liquid. 

The  state  of  aggregation  of  substances  is  influenced  not  only  by  heat,  but  like'vrise 
by  the  pressure  to  which  they  are  subject.  For  instance,  if  a  vessel  containing  water 
be  placed  under  the  receiver  of  an  air-pump,  and  the  atmospheric  pressure  upon  the 
suirace  of  the  water  is  reduced  by  pumping  out  the  air,  the  water  will  boil  and  assume 
the  gaseous  condition  at  the  ordinary  temperature.  On  the  other  hand,  a  gas  may  be 
converted,  by  moans  of  pressure,  into  the  liquid  state.  Quite  recently  hydrogen, 
oxygen,  and  nitrogen,  which  have  hitherto  been  regarded  as  permanently  gaseous,  have 
been  liquefied,  and  probably  all  gases  admit  of  being  thus  converted  by  pressure  into 
the  liquid  or  the  solid  condition. 

Speelfle  Best. — ^Equal  quantities  of  different  substances  require  unequal  quantities 
of  heat  to  raise  their  temperature  equally. 

By  the  specific  heat  of  a  substance  is  understood  the  relative  amount  of  heat  which 
it  requires  in  order  to  produce  a  certain  increase  of  temperature.  The  quantity  of 
heat  requisite  for  raising  the  temperature  of  a  kilogram  of  water  from  4^  to  5^  Gent, 
is  taken  as  the  unit,  and  this  is  termed  the  heat-unit. 

The  quantity  of  heat  requisite  to  produce  an  equal  increase  of  temperature  in  a 
kilogram  of  mercury  is  only  0*033  of  the  heat  unit,  and  this  fraction  expresses  the 
specific  heat  of  mercury  relatively  to  water  - 1*000 ;  in  other  words,  the  same  quan- 
tity of  heat  that  raises  the  temperature  of  a  kilogram  of  water  one  desree.  Centi- 
grade, would  produce  an  equal  increase  of  temperature  in  about  30  kilograms  of 
mercury. 

The  heat  unit,  however,  is  not  an  absolute  quantity;  it  varies  according  to  the 
unit  of  weight  and  the  thermometric  scale  to  which  it  refers.  According  to  British 
usage  the  heat  unit  is  the  quantity  of  heat  that  raises  the  temperature  of  a  pound  of 
water  from  40°  to  41°  Fahrenheit  The  kilogram  being  about  2}  times  as  much  an 
the  pound,  and  the  Centigrade  degree  1*8  times  the  Fahrenheit  degree,  there  is  a 
proportionate  difference  between  the  British  and  French  heat  units. 

British  heat  unit.  French  heat  unit. 

1-  «  0-251996 

3*96832  rr  1* 

Specific  heat  is  of  practical  importance,  for  the  quantity  of  heat  requisite  for  raising 
the  temperature  of  a  definite  weight  of  any  substance  can  be  calculated  if  the  specific 
heat  of  the  substance  in  question  be  known.  The  greater  the  specific  heat  is,  the  greater 
is  the  quantity  of  heat  which  has  to  be  communicated  to  the  liquid  in  order  to 
raise  its  temperature  to  any  given  degree,  and  the  lees  the  specific  heat  the  smaller 
is  the  quantity  of  heat  which  is  requisite. 

NATURE  OF  OHEMIOAL  ACTION. 

If  the  experiments  already  mentioned  as  illustrative  of  the  distinction  between 
physical  and  chemical  phenomena  were  made  under  such  conditions  that  the  weights  of 
the  substances  could  l^  ascertained  both  before  and  after  the  alteration  produced  in 
each  case,  it  would  be  found  that,  while  the  iron  bar  weighed  just  the  same  after 
being  heated  as  it  did  before,  and  while  the  weight  of  the  solution  of  sugar  in  water 
was  exactly  equal  to  the  joint  weights  of  the  sugar  and  the  water  used,  considerable 
alterations  of  weight  accompanied  the  chemical  alteration  of  the  iron  in  rusting  and 
that  of  the  sugar  by  charring  it.  The  reddish  substance  resulting  from  the  alteration 
of  the  iron  would  weigh  nearly  half  as  much  again  as  the  iron  before  it  underwent 
that  change.  On  the  contrary,  the  black  cinder  left  after  heating  the  sugar  would 
not  weigh  more  than  about  one-third  as  much  as  the  original  sugar.  Such  alteration 
in  weight  is  invariably  recognisable  when  substances  undergo  chemical  change,  and  it 
constitutes  one  of  the  most  marked  characteristics  of  chemical  phenomena.  By  further 
examination,  it  would  be  found  that  in  the  rusting  of  iron  another  subetance  is  added 
to  the  iron,  and  that  this  addition  exactly  accounts  for  the  observed  increase  of  weight. 
The  substance  thus  added  to  the  iron  is  oxygen,  derived  from  atmospheric  air,  and  t^e 
change  that  takes  place  consists  in  the  union  of  these  two  substances,  iron  and  oxy- 
^ea,  in  such  a  way  as  to  produce  another  substance  quite  distinct  from  either  of  them, 
just  the  same  as,  by  heating  the  mixture  of  iron  and  sulphur  previously  mentioned, 
another  sul>f)tance  is  produced.    Chemical  change  of  this  kind  is  termed  combination. 
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By  a  similar  ezaBiination  of  the  other  instance  given  as  illustrating  chemical  change, 
it  would  be  found  that  the  substances  given  off  as  vapour  on  heating  sugar  would 
exactlv  make  up  the  difference  in  weight  between  the  cinder  and  the  original  sugar, 
and  that  the  c^Einge  consists  in  the  resolution  or  breaking^  up  of  an  individual  sub- 
stance into  several  other  substances  distinct  from  it  Chemical  change  of  this  kind  is 
tanned  decomposition. 

All  substances  are  susceptible,  under  the  influence  of  various  conditions,  of  being 
transformed  by  chemical  action  in  one  or  other  of  the  modes  just  described,  and  bv 
such  means  a  vast  number  of  substances  may  be  produced  from  those  actually  met  with 
in  nature.  Some  of  the  most  important  operations  of  industrial  art  have  for  their 
object  the  production  of  such  chemical  alterations. 

But  though  all  material  substances  can  be  chemically  altered  either  by  decomposi- 
tioo  or  by  combination,  chemical  research  has  led  to  the  discovery  of  certain  sub- 
stances which  are  in  so  far  peculiar  that  they  cannot  be  decomposed  by  any  known 
means.    No  one  of  the  substances  belonging  to  this  class  can  be  transformed  into  any- 
thing that  is  different^  and  at  the  same  time  less  in  quantity.    The  peculiarity  of  these 
snbetances  consists  in  their  being  capable  of  chemical  change  only  by  combination 
with  other  substances ;  consequently,  the  chemical  alteration  of  these  substances  is 
invariably  attended  with  increase  of  weight,  as  in  tlie  rusting  of  iron.    The  alteration 
iron  undergoes  in  rusting  consists  in  combination  with  atmospheric  oxygen ;  and  as 
iron  is  a  substance  of  the  kind  now  referred  to,  it  is  only  by  such  combination  with 
some  other  substance  that  it  undergoes  chemical  change.    Some  of  the  characters  of 
iron  may  indeed  be  altered  by  various  means :  by  very  intense  heating  it  may  even  be 
converted  into  a  liquid  state ;  it  may  also  be  rendered  magnetic ;  and  it  may  be  reduced 
to  such  an  extremely  minute  state  of  subdivision  as  to  appear  an  impalpable  black 
powder ;  bnt  in  all  these  cases  the  alteration  is  merely  of  that  kind  already  described 
as  physical  and'afiecting  only  the  internal  structure  of  the  substance ;  the  quantity  of 
material  is  neither  increased  nor  decreased,  the  essential  nature  of  the  substance  remains 
unaltered :  and  even  in  the  minute  particles  of  the  black  powder  the  distinctive  cha- 
racters of  metallic  iron  may  be  recognised  by  the  aid  of  the  microscope. 

Substances  of  this  kind,  which  cannot  be  decomposed,  are  therefore  termed  simple 
■  u  b  s  ta  n  c  e  s,  in  contradistinction  tocompound8,or  those  substances  which  are  capable 
(if  being  decomposed.  All  substances  of  the  latter  class  may,  however,  be  resolved  by 
chemical  action  into  two  or  more  simple  substances ;  and,  for  this  reason,  the  simple 
sulwtances  are,  from  a  chemical  point  of  view,  regarded  as  the  primary  materials  or 
ultimate  constituents  of  which  all  compound  substances  are  made  up.  Hence  they  are 
termed  elementary  substances  or  chemical  elements. 

The  elementary  substances  of  modem  chemistry  are  at  least  sixty-three  in  number, 
as  detailed  in  the  first  column  of  the  accompanying  table,  and  the  distribution  of  these 
elementary  snbetances,  under  different  conditions,  is  indicated  by  the  asterisks  in 
eolomns  4  to  13. 

Only  a  few  of  the  elementary  substances  occur  naturally  in  the  free  state,  as  it  is 
termed  in  chemical  language,  when  they  are  uncombined  with  other  substances  (see 
column  11  of  the  table).  The  greater  number  of  them  are  always  met  with  in  various 
states  of  combination  with  each  other.  However,  the  compounds  of  the  several 
elementary  substances  occurring  naturally  are  not,  generally  speaking,  very  numerous 
as  compared  with  the  multiplicity  of  compound  substances  that  can  be  obtained 
artificially  by  various  methods  of  chemical  treatment. 

Some  of  the  chemical  elements  are  extremely  rare,  and  the  substances  containing 
them  are  of  little  or  no  importance  for  practice  purposes ;  but  some  others,  on  the 
contrary,  are  of  very  general  occurrence,  cither  in  the  free  state  or  as  constituents 
of  some  of  the  most  abundant  and  most  important  materials  concerned  in  the  chemical 
phenomena  of  nature  and  of  industrial  art.  These  latter  are  thirty-five  in  number^ 
and  they  are  distinguished  in  the  table  by  the  large  t}'pe  in  which  their  names  sre 
printed.  Out  of  tbese  thirty-five  elementary  substances  there  are  eighteen,  indicated 
by  the  asterisks  in  the  fourth  column,  which  occur  very  abun&ntly  and  very 
freqnentlv  in  all  kinds  of  materials  belonging  to  the  mineral  kingdom.  The  thirteenth 
column  shows  that  precisely  the  same  eighteen  elementary  substances  are  distributed 
throngbout  the  materials  originating  from  plants  and  animals.  Only  four  of  these 
elementary  substances — carbon,  oxygen,  nitrogen,  sulphur — occur  naturally  to  any 
considerable  extent  in  the  uncombined  state. 

Eelatively  the  greatest  number  of  elementary  substances  occur  in  mineral  veins 
or  lodes^  where  nearly  all  the  moro  rare  elementary  substances  are  found,  excepting 
tboee  associated  with  platinum  (see  column  8).  In  granite  rocks,  also,  there  is  a  very 
general  distribution  of  elementary  substances  (column  7),  while  in  basaltic  and 
volcanic  rocks  the  number  of  elementary  substances  is  smaller  (sec  columns  5  and  •). 

The  elementazy  snbstauces  that  have  been  found  in  the  melted  niubses  of  lava,  and 
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CHEMICAL  CLASSIFICATION. 


in  the  rarioiu  other  solid,  liquid,  and  gaseous  materials,  ejected  firom  the  interior  of 
the  earth  during  rolcanic  eruptions  (see  column  10),  as  'welliis  in  the  water  of  mineml 
springs  rising  from  very  great  depthis  (see  column  9),  are  the  same  as  those  existing  in 
rock  at  and  near  the  earth's  sur£Eu:e  (see  columns  4,  5, 6,  and  7):  hence  it  is  inferred  that 
the  material  of  the  earth  is  in  this  respect  the  same  throughout.  The  chemical  nature 
of  volcanic  products  admits,  moreover,  of  the  conclusion  that  in  the  interior  of  tlie  eturth, 
with  some  few  exceptions,  the  elementary  substances  exist,  in  the  same  relative  pro- 
portions  and  in  the  same  states  of  combination  as  at  the  sur&ce. 

Column  12  indicates  the  elementary  substances  that  have  been  found  in  meteor- 
ites. 

ClAMitteatloii  of  Btomentarj  Substances. — The  elementary  substances  are 
commonly  dassified  as  metals  and  metalloids,  according  to  their  ph^cal  characters  in 
the  uncombined  state,  and  partly  also,  on  account  of  their  relations  in  a  chemical 
point  of  view.  The  metals  most  generally  known  are,  with  the  single  exception 
of  mercury,  solid  under  ordinary  conditions:  they  are  absolntelpr  opaque  and  present  a 
peculiar  lustre  or  brilliancy  that  mav  be  increased  by  polishing.  Another  physical 
character,  which,  in  combination  with  those  already  mentioned,  has  been  regurded  as 
most  distinctive  of  metallic  substances,  is  an  internal  mobility,  in  virtue  of  which  the 
shape  of  a  mass  of  metal  may  be  altered  by  pressure,  hammering,  or  other  mechanical 
means,  without  disintegration  or  disruption  of  the  substance.  This  character  is 
expressed  by  the  terms  malleability — denoting  a  capability  of  flattening  or  spreading 
out  ander  the  hs^imer  or  between  rollers— and  ductility— denoting  a  capability  of 
lengthening,  and  becoming  thinner  by  stretching  or  being  drawn  through  a  hole  of 
less  area  than  the  transverse  section  of  the  piece  of  metal.  Metals  are  also  excellent 
oondoctors  of  heat  and  electricity.  In  regard  to  these  cliaracters,  however,  the  metals 
present  marked  difierences  of  degree,  and  some  of  the  elementary  substances  comprised 
among  metalloids  also  differ  only  in  degree  ftom  those  popularly  known  as  metals. 
The  distinction  is,  therefore,  to  a  great  extent  arbitrary,  and  so  £Eir  as  such  characters 
are  concerned  the  classification  of  certain  elementary  substances  as  metalloids  merely 
signifies  that  those  substances  resembling  metals,  in  so  &r  as  they  are  elementary, 
possess  in  a  less  marked  degree  the  characters  distinctive  of  metals. 

Mbtals. 
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The  difibrence  between  metals  and  metalloids  in  regard  to  chemical  I'haructersand 
relations  is  manifested  chiefly  in  the  functions  which  the  substances  of  one  or  the 
other  class  ^rferm  in  their  compounds.  Probably  all  elementary  sul^tanees  arc 
capable  of  existing  in  a  state  of  combination  with  each  other  in  pairs :  but  as  a  rule 
this  capability  is  greater  in  proportion  to  the  difference  between  the  elementary  sul> 
staneeiL  Thus,  f^  instance,  compounds  of  the  metals  with  each  other  possess  far  less 
stabiUty  and  individuality  than  the  compounds  of  metals  with  oxygen  or  sulphur, 
ehkrine,  &c,  and  they  present  greater  resemblance  to  mere  mechanical  mixtures  than 
eomponnds  of  the  latter  class,  which  generally  possess  characters  totally  different  from 
dhose  of  their  constituents  in  the  uncombined  state.    This  is  also  the  ca^je,  U)  tt>m« 
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extent,  witli  the  compounds  of  certain  metalloids  with  each  other,  though  as  a  mle  the 
metalloids  have  a  greater  capabilitj  of  forming  definite  and  distinct  oomponnds  with 
each  other  than  the  metals  have. 

Oombininff  Proportioiui. — In  compound  substances  possessing  chemical  indivi- 
duality, the  elementary  substances  of  which  they  consist,  always  bear  a  definite  quantita- 
tive ratio  to  each  other  by  weight,  which  is  constant  for  any  particular  substance  under 
all  conditions  in  which  it  is  capable  of  existing.  Thus  in  the  case  of  water,  which  is  a 
compound  of  oxygon  with  hydjragen,  the  ratio  of  these  elements  is  as  8  :  1  by  weight. 
The  aame  ratio  of  elementary  constituents  obtains  in  ice  and  steam,  which  are  merely 
different  molecular  forms  of  the  same  substance.  In  chemical  action  also  similar 
definite  relations  are  alwa}*8  recognizable  between  the  weights  of  the  original  sub- 
stances and  the  weights  of  those  produced  from  them  either  by  combination  or  by 
decomposition.  When  oxygen  unites  with  hydrogen  to  form  water  it  is  always  in  the 
proportion  of  8  :  1  by  weight,  and  whenever  water  is  decomposed  the  hydrogen 
produced  amounts  to  ^  of  the  water  decomposed,  while  the  oxygen  produced  at  the 
same  time  amounts  to  eight  times  the  quantity  of  the  hydrogen  by  weight. 

The  existence  of  such  definite  relations  of  weight  among  the  substances  concerned 
in  chemical  changes,  and  between  the  constituent  elements  of  compound  substances, 
has  already  been  mentioned  as  one  of  the  most  important  features  of  chemical 
phenomena,  and  the  investigation  of  this  general  &ct  has  led  to  the  establishment  of 
the  fundamental  principle  of  chemical  science,  that  the  elementary  substances  combine 
with  each  other  onl^r  in  definite  proportions  by  weight,  the  ratio  of  the  elementary 
constituents  of  any  given  substance  being  constant 

While  in  water  hydrogen  is  always  combined  with  eight  times  its  weight  of 
oxygen,  in  hydrochloric  acid  it  is  combined  with  35'd  times  its  weight  of  chlorine,  in 
hydrobromic  acid  with  80  times  its  weight  of  bromine,  in  hydriodic  acid,  with  127 
times  its  weight  of  iodine,  in  sulphuretted  hydrogen,  with  16  times  its  weight  of 
sulphur,  in  ammonia,  with  4*67  times  its  weight  of  nitrogen,  and  in  marsh  gas,  wiUi 
3  times  its  weight  of  carbon. 

Again  in  the  compound  of  oxygen  and  chlorine  to  which  the  peculiar  characters  of 
bleacMng  powder  are  due,  a  quantity  of  oxygen,  equal  to  that  which  combines  with 
one  part  of  hydrogen  to  form  water,  is  combined  with  35*5  Pb^  of  chlorine,  and 
in  carbonic  acid  gas  an  equal  quantity  of  oxygen  is  combined  with  three  parts  of 
carbon.  In  common  salt  a  quantity  of  chlorine  equal  to  that  which  combines  with  one 
part  of  hydrogen  to  form  hydrochloric  acid  is  combined  with  23  parts  of  sodium,  and 
m  sodium  oxide  the  proportion  of  sodium  to  oxygen  is  as  23  :  8. 

These  quantities  of  oxygon,  chlorine,  etc.,  are  relatively  to  hydrogen  the  combining 
proportions  of  those  elementary  substancos,  and  since  they  exactly  replace  each  other 
in  certain  compounds  they  are  termed  equivalent  proportions. 

The  relations  of  the  elementary  substances  to  each  other  in  this  respect  may 
therefore  bo  expressed  by  numbers  representing  the  relative  proportions  by  weight  in 
which  these  substances  combine  or  otherwise  take  part  in  the  various  kinds  of  chemical 
change ;  and  if  such  numbers  represent  the  proportions  in  which  the  several  substances 
combine  with  the  unit  of  hydrogen  or  with  the  quantity  of  oxygen  equivalent  to  it, 
they  will  also  represent  the  proportions  in  which  those  substances  combine  with  each 
other  or  act  chomically  upon  each  other,  as  shown  below: — 

Hydrogen 1 

Oxygen 8 

Chlorine 36'd 

Bromine 80 

Iodine 127 

Sulphur 16 

Sodium 23 

SUver 108 

Thus  hydrogen  and  chlorine  combine  in  the  proportions  of  1  to  35*5 ;  hydrogen 
and  sulphur  in  the  proportions  of  1  to  16 ;  chlorine  and  silver  in  the  proportions  of 
3d'5  to  108 ;  chlorine  and  sodium  in  the  proportions  of  35*5  to  23 ;  oxygen  and  silver 
in  the  proportions  of  8  to  108,  and  so  on. 

In  the  combination  of  substances  which  are  themselves  compound  the  same  rule 
obtains,  and  the  equivalent  of  a  compoimd  substance  is  the  sum  of  the  equivalents  of 
its  constituents.  Thus  the  equivalent  of  hydrochloric  acid  is  36*5  =  35*5  + 1  ;  the 
equivalent  of  sodium  oxide  is  31  =  23  +  8,  and  when  hydrochloric  acid  reacts  with 
sodium  oxide  it  is  in  the  proportion  of  36*5  to  31 ;  when  hydrochloric  acid  reacts 
witli  silver  oxide  it  is  in  the  proportions  of  86*5  to  116. 

In  many  cases,  however,  tiie  elementazy  substances  are  capable  of  combining  with 
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each  other  in  more  than  one  proportion ;  for  example,  there  is  besides  water  another 
compound  of  hydrogen  with  oxygen,  containing  a  larger  amount  of  oxygen  than  water 
dcee :  there  are  also  two  compounds  of  carbon  with  oxygen,  in  which  the  amounts  of 
oxygen  are  severally  57*14  and  72*72  per  cent.,  and  there  are  two  compounds  of 
iron  with  oxygen,  containing  respectively  30  per  cent  and  22*22  per  cent  of  oxygen. 
But  the  ratios  of  the  elementary  constituents  in  these  compounds  bear  very  simple 
relations  to  each  other ;  the  proportions  of  the  constituents  in  one  compound  being 
simply  multiples  or  submultiples  of  the  proportions  in  which  these  constituents  aie 
combined  in  another  oompouna  of  them.     Thus,  in  the  two  compounds  of  hydrogen 
the  ratios  are  as  8  !  1  and  as  16  :  1,  the  one  containing  relatively  to  the  hydrogen 
exactly  twice  as  much  oxygen  as  the  other  does.     In  the  two  compounds  of  carbon 
with  oxygen,  also,  the  ratios  of  the  constituents  are  respectively  as  3  :  8  and  6  :  8, 
the  one  containing  relatively  to  oxygen  just  twice  as  much  carbon  as  the  others.    In 
one  of  the  compounds  of  iron  with  oxygen  the  ratio  of  the  constituents  is  as  28  iron  to 
8  oxygen,  while  in  the  other  it  is  as  18*67  iron  to  8  oxygen,  or  28  x  2  :  8  x  3  »  56  :  24. 
This  fact  is  well  illustrated  by  the  compounds  of  nitrogen  with  oxygen,  of  whidi 
there  are  five,  as  follow : 


Kitrogen            Oxygen 

4*67  X  3 

-     14        :       8 

Nitrous  oxide 

4*67  X  3 

=14        :     16     - 

8x2     Nitric  oxide 

(  4*67     :        8 

or 
U4          :      24     -= 

Nitrous  anhydride 
8x3^ 

4*67  X  3 

=      14          :      32     - 

8x4     Peroxide  of  nitrogen. 

4-67  X  3 

=14         :      40     ^ 

8x6    Nitric  anhydride. 

Here  it  will  be  seen  that  the  quantities  of  oxygen  combined  with  nitrogen  in  the 
last  four  substances  are,  relatively  to  the  nitrogen,  in  the  proportions  of  two,  three, 
four,  and  five  times  as  much  as  is  combined  with  the  unit  of  hydrogen  in  water,  or 
with  14  parts  of  nitrogen  in  the  first-named  substance,  the  general  expression  of  this 
&ct  being  that  when  anv  elementary  substance  is  capable  of  combining  with  another 
in  several  proportions,  those  proportions  bear  a  simple  multiple  relation  to  each  other. 

A  theoretical  interpretation  of  the  general  fact  that  in  all  kinds  of  chemical 
change  there  are  such  definite  and  fixed  relations  of  weight  between  the  elementazy 
subs^ces,  is  famished  by  the  application  of  the  atomic  hypothesis  of  the  constitution 
of  material  substances.  For  this  purpose  it  is  assumed  that  each  elementary  sub- 
stance consists  of  extremely  minute  particles  which  are  incapable  of  further  sub- 
division, and  are  therefore  termed  atoms.  According  to  this  view,  chemical  change 
consists  in  the  union  or  separation  of  the  ultimate  particles  or  atoms  of  different 
elementary  substances,  and  the  relations  of  weight  observed  in  all  cases  of  chemical 
change  are  due  to  the  relative  weights  of  the  atoms  of  the  particular  elementary  ■  sub- 
stances taldng  part  in  those  changes.  Thus,  for  instance,  in  the  combination  of  hydrogen 
and  chlorine,  the  weiffht  of  the  chlorine  is  thirty-five  and  a  half  times  as  much  as  that  of 
the  hydrogen  with  which  it  unites ;  in  the  combination  of  hydrogen  and  bromine,  the 
weight  of  the  bromine  is  eighty  times  that  of  the  hydrogen,  and  in  the  combination  of 
hydrogen  and  iodine  the  weight  of  the  iodine  is  one  hundred  and  twenty-seven  times  that 
of  the  hjdrogen.  Taking  hydroffen  as  the  unit,  the  relative  weights  of  the  atoms  of 
hydrogen,  chlorine,  bromine,  and  iodine  will  therefore  be  1,  35*5,  80,  and  127.  This 
conclusion  presupposes  the  assumption  that  in  the  combination  of  chlorine,  bromine, 
or  iodine  with  hydrogen,  a  single  atom  of  each  of  these  substances  unites  with  a 
single  atom  of  hydrogen,  and  that  is  the  view  adopted  in  regard  to  these  elementary 
substances. 

The  numbers  thus  arrived  at  from  a  study  of  the  chemistry  of  the  several 
elementary  substances,  as  representing  the  relative  weights  of  their  ultimate  particles 
or  atoms,  are  termed  the  atomic  weights,  and  in  the  cases  just  mentioned  the  atomic 
weights  coincide  with  the  equivalents  of  the  substances  referred  to.  But  there  is  not 
always  this  coincidence  between  the  atomic  weight  and  the  equivalent  of  an  element- 
ary substance.  Thus,  for  instance,  in  the  combination  of  hydrogen  with  oxygen  to 
form  water,  the  weight  of  the  oxygen  is  eight  times  as  much  as  that  of  the  hydrogen 
with  which  it  unites ;  but  a  variety  of  considerations  have  led  chemists  to  regard  the 
relative  weight  of  the  atom  of  oxygen  as  being  sixteen  times  as  great  as  that  of  the 
hydrogen  atom.  According  to  this  view,  therefore,  the  molecule  of  water  will  consist 
of  three  atoms,  vis.,  two  of  hydrogen  united  with  one  of  oxygen.  In  like  manner  the 
eoapound  of  hydrc^n  and  nitrogen  contains  4*67  times  as  much  nitrogen  as  hydrogen, 
hst  the  relative  weight  of  the  atom  of  nitrogen  is  taken  as  being  fourteen  times  as 
p«at  as  that  of  the  hydrogen  atom,  and  therefore  the  molecule  of  ammonia  is  repre- 
MaM  as  eonnstiiig  of  four  atoms,  viz.,  three  of  hydrcgeo  united  with  one  of  mlrogeHi 
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In  marsh  gas,  Again,  hydrogen  is  combined  with  three  times  its  weight  of  carbon ;  but 
as  the  relative  weight  of  the  atom  of  carbon  is  taken  as  being  twelve  times  as  great 
as  that  of  the  hydrogen  atom,  the  moleenle  of  marsh  gas  is  represented  as  consisting 
of  five  atoms — vix.,  four  of  hydrogen  united  with  one  of  carbon. 

In  other  words,  the  chemical  value  or  combining  capacity  of  the  atoms  of  the 
elementary  substances  is  supposed  to  differ,  and  that  the  atoms  of  some  of  them  are 
in  this  respect  equivalent  to  two,  three,  or  four,  or  even  as  many  as  seven  hydrogen 
atoms ;  and  this  difference  in  the  equivalent  value  of  the  atomic  proportion  of  any 
elementary  substance  relatively  to  hydrogen  generally  extends  through  all  its 
compounds :  thus,  for  instance,  the  compounds  of  the  bivalent  elementary  substance 
sulphur  are  generally  bivalent  also,  as  in  the  ease  of  sulphuric  acid,  etc. 

Those  elementary  substances  which  combine  with  each  other  in  simple  atomic 
proportions,  likehydrogeu,  silver,  chlorine,  bromine,  and  iodine,  are  termed  monatomic 
or  univalent;  those  which  combine  with  two  atomic  proportions  of  hydrogen  or 
chlorine,  like  oxygen  6t  sulphur,  are  termed  diatomic  or  bivalent ;  those  which  com- 
bine with  three  atomic  proportions  of  hydroeen  or  chlorine  are  termed  triatomic  or 
trivalent ;  while  others  are  termed  tetratomic  or  quadrivalent,  pentatomic  or  quinqui- 
valent, hexatomic  or  sexvalent,  according  to  the  number  of  atomic  proportions  of 
hydrogen  that  one  atomic  proportion  of  the  respective  elementary  substances  is  equal 
to  in  combining  capacity. 

This  difference  in  the  chemical  value  of  the  atomic  proportions  of  the  several 
elementary  substances  is  in  some  cases  a  constant  characteristic  of  elementary  sub- 
stances ;  in  other  cases,  however,  the  same  substance  is  capable  of  exhibiting  different 
relations  of  atomicity  or  chemical  value  as  regards  hydrogen  and  other  substances : 
thus,  for  example,  iron  is  in  some  compounds  bivalent,  in  others  quadrivalent  or 
sexvalent ;  nitrogen  in  some  compounds  is  trivalent,  in  others  quinquivalent ;  molyb- 
denum is  in  some  compounds  bivalent,  in  others  quadrivalent,  and  in  others  sexvalent, 
while  even  chlorine  and  oxygen  must  be  regarded  in  some  compounds  as  being  re- 
spectively septivalent  aod  quadrivalent. 

The  numbers  placed  opposite  to  the  several  elementary  substances  in  the  third 
column  of  the  table  on  page  6  represent  the  atomic  proportions  of  the  several 
elementaiy  substances,  and  are  termed  the  atomic  weights,  inasmuch  as  they  are 
assumed  in  accordance  with  the  atomic  theory  to  represent  the  relative  weights  of 
their  respective  atoms. 

OomblnattonbyTolnine. — In  addition  to-the  definite  relations  of  weight  existing 
among  the  substances  concerned  in  all  kinds  of  chemical  change,  there  is,  in  the  case 
of  alementazy  substances  that  are  gaseous,  a  further  remarkable  relation  between  the 
volumes  of  the  combining  proportions.  For  example,  taking  hydrogen  gas  as  the  unit 
of  volume  and  of  weight  in  comparing  the  densities  and  combining  proportions  of  the 
elementaiy  substances,  the  density  of  chloriue  gas  is  to  that  of  hydrogen  gas  as  35*46  :  1 ; 
and  these  numbers  expressing  the  relative  weights  of  equal  volumes  exactly  coincide  with 
the  numbers  representing  the  proportions  by  weight  in  which  chlorine  and  hydrogen 
are  chemically  combined  together  in  hydrochloric  acid.  In  other  words,  the  elementary 
constituents  of  any  given  quantity  of  hydrochloric  acid  would  occupy  exactly  equ^ 
volumes  when  in  the  free  state,  under  equal  conditions  of  t^mpemture  and  pressure. 
Again,  the  density  of  oxvgen  gas  is  to  that  of  hydrogen  gas  ss  16  :  1,  and  in  water 
these  elements  are  combined  in  the  proportion  of  8  :  1  by  weight,  consequently  the 
volume  of  the  hydrogen  in  this  compound  is  to  that  of  the  oxygen  combined  with  it  as 

2 : 1. 

In  like  manner  the  density  of  nitrogen  gas  is  to  that  of  hydrogen  gas  14:1,  and 
as  in  ammonia  these  elements  are  combined  together  in  the  proportion  of  4*67  I  1  bj 
weight,  the  gaseous  volume  of  the  hydrogen  in  this  compound  is  to  that  of  the  nitrogen 
combined  with  it  as  3  :  1. 

In  the  case  of  compound  substances  that  are,  under  ordinary  conditions,  gaseous, 
or  are  capable  of  assuming  the  gaseous  condition,  and  whose  constituent  elements  are 
also  gaseous,  there  are  analogous  simple  relations  between  th^  j^aseous  volumes  of  the 
compound  substances  and  the  volumes  of  their  constituents  when  in  the  free  state, 
under  equal  conditions  of  temperature  and  pressure.  Thus  the  density  of  hydrochloric 
acid  gas  is  the  mean  of  the  densities  of  its  constituents,  and  is  to  that  of  hydrogen  as 
18-26  :  1,  since  the  volume  of  this  gas  is  equal  to  the  joint  volumes  of  its  constituents : 

Hydrogen       Chlorine       Hydrochloric  acid 


I    I  II  I         I 


1       +        8-65        =        36-6 
In  water  the  volume  of  the  hydrogen  is  twice  that  of  the  oxygen  oombioed  with  it. 
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ftod  this  sabstance  id  the  ctata  of  Tspour  occupies  the  same  Yoliime  as  the  hydrogen  it 

oQDtaiDs: 

Hydrogen  Hydr.         Oxygen  Water 
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J        +        1      +       16       -       18 

In  this  case  therefbre  the  combination  of  the  elements  is  attended  with  a  reduction 
of  Tolnme,  or,  as  it  is  termed,  condensation,  amounting  to  one-third  of  the  joint  Tolumes 
of  the  crjnstitaents  in  the  free  state,  and  the  densi^  of  water  in  the  state  of  steam  is 
to  that  of  hjdrogen  as  &  :  1. 

The  Tolome  of  gaseous  ammonia  is  equal  to  one-half  the  joint  Tolumee  of  its  con- 
stituents in  the  free  state : 

Hydrogen       Hydr.       Hydr.       Kitrogen  Ammonia 
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1       +        1     +     1      +      14         =  17 

and  consequently  its  density  is  to  that  of  hydrogen  as  8*6  :  1,  as  there  is  a  condensa- 
tion  amounting  to  one-half  the  joint  volumes  of  the  constituents. 

NOMENCLATURE  AND  NOTATION. 

The  tachnieal  language  of  Chemistry  is  of  a  twofold  nature,  comprising  a  if^tem  of 
naming  substances  according  to  their  composition  and  a  system  of  representing  their 
composition  by  certain  signs  or  symbols. 

The  nomenclature  of  the  elementary  substances  is  to  a  great  extent  arbitrary ;  and 
:t  would  probably  be  impossible  as  well  as  useless  to  regulate  it  by  any  uniform 
principle. 

The  names  by  which  many  of  the  chemical  elements  are  known  date  back  to 
periods  long  antecedent  to  the  recognition  of  the  elementary  nature  of  the  substances 
they  are  now  used  to  represent,  as  in  the  case  of  gold,  silver,  copper,  iron,  etc. ;  and  in 
some  instances  certain  of  these  names,  such  as  mercury,  sulphur,  etc,  had  formerly  a 
significance  very  different  from  what  thev  now  possess,  m&ay  of  the  more  modem 
names  of  elementary  substances^  such  as  hjdrogen,  ozyeen,  chlorine,  etc.,  are  derived 
from  Greek  words  denoting  some  characteristic  properties  of  the  several  substances, 
or  some  circumstance  connected  with  their  occurrence.  Thus  the  name  hydrogen  is 
derived  from  88«p  water  and  ytm^dtt  to  generate,  in  reference  to  the  fact  that  water  is 
produced  by  the  combustion  of  hydrogen.  The  name  oxygen  is  derived  from  6^^$  sour 
and  y^pwJum  to  generate,  and  it  whs  adopted  in  reference  to  a  premature  assumption 
that  the  element  it  represents  was  a  specific  acidifying  principle,  since  many  of  its 
compounds  possess  chemical  characters  analogous  to  vinegar.  The  name  phosphorus 
again  is  derived  from  ^s  light  and  ^opi^t  bear  to,  on  account  of  the  peculiar  luminous 
appearance  of  the  substance  it  represents.  Lanthanum  is  so  named  from  KaiSdy<a  to 
tie  hidden,  because  its  oxide  had  for  some  time  been  confounded  vnXh.  that  of  another 
elementary  substance  (cerium);  while  didymium  is  so  named  from  SfSv^iot  twin,  in  refer- 
ence to  its  frequent  association  with  lanthanum.  The  name  chlorine  is  derived  from 
Xkmfiks  green,  because  of  the  greenish-yellow  colour  of  this  substtince,  and  iodine  is  so 
naased  from  ImM^s  violet,  on  account  of  the  colour  of  its  vapour.  The  names  of  other 
chemical  elements  are  derived  from  the  names  of  the  substances  in  which  they  were 
diaoovwed,  as  aluminum  from  alum,  potassium  from  potash ;  or  from  tlie  names  of 
places  where  the  substances  containing  them  were  first  found,  as  strontium  from 
Strootian  in  Scotland,  yttrium  from  Ytterby  in  Sweden.  In  some  instances  the  names 
of  elementary  substances  are  more  fanciful,  as  vanadium,  derived  from  Vanadis.  a 
SeandinaTian  deity. 

The  signs  or  symbols  by  which  the  elementary  substances  are  represented  are 
either  tha  initial  letters  of  their  ordinary  names,  as  in  the  case  of  carbon,  hydrogen, 
and  oxygen,  or  the  initial  letter  of  the  Latin  name,  as  in  the  case  of  poUissium,  the 
symbol  dFwliich  is  K  (Kalium),  or  else  the  symbol  is  formed  of  the  initial  letter  together 
iHth  soma  other  letter  of  the  name,  which  serves  best  to  make  the  sjrmbol  distinctive, 
as  in  tha  case  of  Chlorine  01,  Calcium  Ca,  Nickel  Ni,  Iron  Fe  (ferrum).  Strontium  Sr, 
Tin  Sn  (stannumX  and  Mercury  Hg  (hvdrar^yrum). 

As  rqgards  compound  substances,  the  obj<vt  of  systematic  chemical  nomenclature  is 
Dot  only  to  give  them  distinctive  names,  but  at  the  same  time  to  indicate  by  those 
names  the  elementary  composition  as  well  as  the  chemical  nature  of  the  substances 
they  represent.  Generally  speaking,  this  is  easily  done  in  the  case  of  substances  con- 
taining only  two  or  three  elementary  constituents ;  but  the  numerous  compounds  of 
carbon  with  hydrogan,  oxygen,  nitrogen,  etc.,  are  to  a  great  extent  exceptions  to  this 
nla,  iaasDveh  aa  tiia  eonstitntion  of  these  substances  is  often  very  oomples. 
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For  the  purpose  of  dasaification,  eompoandfl  consisting  of  two  elementary  substances, 
are  named  accorvling  to  the  elementary  constituents  'which  a  number  of  them  contain  in 
common.  Thus,  for  instance,  componnds  of ,ozjgon  with  another  substance  are  termed 
oxides ;  similar  compounds  of  sulphur  or  phosphorus  are  termed  sulphides  or  phos- 
phides; and  compounds  of  chlorine,  bromine,  or  iodine  are  termed  chlorides,  bromides, 
or  iodides,  these  names  indicating  the  generic  character  of  the  substances. 

In  naming  individual  substances  of  this  kind  the  names  of  the  constituents  of  a 
particular  substance  are  coupled  together  in  such  a  way  that  while  tlie  name  of  one 
constituent  is  made  to  indicate  the  generic  character  of  the  compound,  the  name  of  the 
other  constituent  is  used  as  an  adjective  to  indicate  its  specific  characters.  Thus,  for 
instance,  water,  which  is  a  compound  of  hydrogen  with  oxygen,  is  termed  hydric  oxide, 
a  compound  of  copper  with^  oxygen  is  termed  cupric  oxide,  and  common  salt,  a  com- 
pound of  sodium  with  chlorine,  is  termed  sodic  chloride. 

Substances  composed  of  the  same  elementary  constituents  in  different  proportions  are 
distinguished  by  adding  a  prefix  to  their  p^neric  or  specific  names,  as  the  case  may  re- 
quire, or  by  varying  the  termination  oftheir  specific  names.  Thus,  for  instance,  thecom- 
Sound  of  hydrogen  and  oxygen,  containing  twice  the  proportion  of  oxygen  that  water 
oes,  if  termed  hydric  dioxide,  and  the  compound  of  copper  with  oxygen,  containing 
twice  the  proportion  of  copper  that  cupric  oxide  does,  is  termed  dicupric  oxide.  Again, 
two  of  the  compounds  of  iron  and  oxygen  are  re^>ectively  named  ferric  oxide  and 
ferrous  oxide. 

The  symbols  by  which  the  elementary  substances  are  represented  indicate  not 
only  the  nature  of  these  substances  but  also  a  definite  proportion  of  each  substance,  and 
compounds  are  represented  by  formulae  constructed  by  the  juxtapositipn  of  the  symbols 
of  tneir  constituent  elements.  Thus,  for  instance,  hydrochloric  add  is  represented 
by  the  formula  HCl,  which  indicates  that  it  is  a  compound  of  chlorine  and  nydrogen 
in  the  proportions  of  35*6  to  1,  and  that  the  molecules  of  hydrochloric  acid  or  the 
smallest  particles  into  which  it  can  be  separated  consist  of  an  atom  of  chlorine  united 
with  an  atom  of  hydrogen.  When  the  molecules  of  a  compound  contain  more  than 
one  atom  of  an  elementair  substance  a  small  figure  is  placed  against  the  83rmbol ; 
thus  water  is  represented  by  the  formula  H^O,  to  show  that  the  molecule  consists  of 
two  atoms  of  hydrogen  united  with  one  atom  of  oxygen.  In  like  manner  ammonia  is 
represented  by  the  formula  NH„  sulphuric  acid  by  the  formula  HgSOi,  and  caustic 
soda  by  the  formula  KHO. 

These  formulae  represent  molecules  of  the  respective  compounds,  while  the  symbols 
of  the  elementary  substances  represent  atoms  or  the  smallest  quantities  which  unite 
chemically,  and  tbc  molecules  of  elementary  substances  are  represented  as  consisting 
of  pairs  of  similar  atoms,  thus :  HH,  00,  NN,  etc. 

The  chemical  value  or  atomicity  of  an  elementary  substance  is  represented  in  for- 
mula by  dashes  or  roman  numerals  placed  against  the  symbol,  thus :  0"  S**  N**'  C***. 

Chemical  change  can  be  represented  by  arranging  the  formula  of  the  substances 
concerned  in  the  form  of  an  equation  ;  thus  the  decomposition  of  sulphuric  acid  by 
zinc  is  represented  as  follows : 

H^04  +  Zn  =  ZnSO^  +  2H. 

A  chemical  formula  is  intended  to  serve  as  an  indication  not  only  of  the  particular 
elementary  substances  contained  in  a  compound,  but  also  of  their  relative  proportions ; 
thus,  for  instance,  the  formula  of  water,  H,0,  indicates  that  this  substance  is  not  only 
a  compound  of  hydrogen  and  oxygf^n,  but  that  it  is  a  compound  consisting  of  two 
atomic  proportions  of  hydrogen  united  with  one  atomic  proportion  of  oxygen. 
Chemical  formuls  are  therefore  to  some  extent  a  means  of  expressing  the  constitution 
of  the  substances  they  represent ;  but  it  is  only  in  the  case  of  the  most  simple  com- 
pounds that  Uiis  is  strictly  true ;  and,  as  regiurds  the  greater  number  of  compound 
substances,  chemical  formuUe  merely  express  the  modes  m  which  particular  substances 
are  capable  of  undergoing  chemical  alteration.  Many  substances  are  capable  of 
chemical  alteration  in  several  different  ways,  and  hence  thejr  may  be  represented  by 
as  many  different  formulae.  Thus,  for  instance,  sulphuric  add  may  be  represented  by 
the  formula  H^04,  whidi  will  serve  to  represent  those  alterations  that  correspond 
to  the  reaction  between  this  substance  and  metallic  zinc,  consisting  in  the  dis- 
placement of  the  hydrogen  from  sulphuric  acid  and  the  substitution  of  zinc  in  its 
place,  forming  a  substance  called  zinc  sulphate.  In  this  case  the  displacement  of  the 
hydrogen  takes  place  in  accordance  with  toe  law  of  equivalents,  and  it  is  replaced  by 
32*5  times  its  weight  of  zinc.  But  in  representing  the  change  according  to  the 
atomic  theory,  it  must  be  borne  in  mind  that  while  hydrogen  is  a  monovalent  sub- 
stance, zinc  IS  bivalent.  Consequently  the  two  atomic  proportions  of  hjrdrogen  that 
are  united  with  the  bivalent  radicle  SO4  in  sulphuric  acid  are  replaced  by  one  atomic 
proportion  of  the  bivalent  metal  zinc,  and  the  formula  of  the  zinc  sulphate  produced 
by  this  change  is  ZnS04. 
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Again  snlphoric  acid  can  be  split  ap  into  water  and  sulphorie  oxide,  and  this 
change  ia  represented  bj  the  formula  H20,S0,  according  to  which  sulphuric  acid 
appears  as  a  compound  of  water  and  sulphuric  oxide. 

Another  decomposition  of  which  sulphuric  acid  is  capable  is  effected  by  the  reac- 
tion with  carbon,  which  gives  rise  to  the  formation  of  sulphurous  oxide,  SO*,  carbonic 
dioxide,  CO^  and  water,  HjO  ;  the  change  consisting  in  the  abstraction  of  one-fourth 
of  the  oxygen  from  sulphuric  acid  by  the  carbon,  with  the  consequent  elimination  of 
sulphurous  oxide  and  water,  and  accordingly  sulphuric  scid  may  be  represented  by  the 
ibrmula  SO,OH,0,  as  consisting  of  the  radicle  SO^  combined  with  oxygen  and  water. 

This  illustration  will  serve  to  show  that  chemical  formulse,  except  in  the  case  of 
sueh  extremely  simple  compounds  as  hydrochloric  acid,  are  to  be  regarded  rather  as  a 
means  of  representing  the  possible  changes  that  a  substance  may  undergo  than  as  an 
actual  expression  of  tibeir  eonstitution,  and  this  fact  should  always  be  borne  in  mind 
in  making  use  of  chemical  formule,  especially  so  in  the  case  of  substances  of  a  com- 
plex natore. 

A  formula  which  merely  indicates  the  relative  atomic  proportions  of  the  elemen- 
tary subetances  contained  in  the  compound  it  represents  is  termed  an  empirical 
formula ;  but  when  it  also  indicates  the  constitution  of  the  substance  it  is  termed  a 
rational  formula. 

In  representing  the  constitution  of  compounds,  it  is  frequently  possible  to  regard 
a  group  of  atoms  as  acting  the  part  of  an  elementary  substance.  This  is  chiefly  the 
ease  with  complex  compounds,  and  more  especially  thoso  carbon  compounds  which 
are  commonly  called  oiganic  substances.  Thus,  for  instance,  alcohol  which  is  repre- 
sented by  the  empirical  formula  O^ELfi  may  be  regarded  as  the  hydrate  of  such  an 
atomic  group  or  radicle,  C^,  performing  in  alcohol  the  same  kind  of  function  that 
one  of  the  atomic  jproportions  of  hydrogen  does  in  water ;  and  ether,  having  the 
empirical  formula  C^Hj^O,  may  be  represented  as  the  oxide  of  the  same  radicle,  and 
acetic  acid  as  the  hydrate  of  the  oxygenated  radicle  CjHjO. 

Another  method  of  representing  the  constitution  as  well  as  the  composition  of 
substances  is  based  upon  toe  assumption  that  all  compounds  admit  of  classification 
in  one  or  other  of  four  groups,  each  comprising  substances  of  analogous  constitution 
or  molecular  type,  the  most  simple  instances  of  which  are  furnished  by  the  substances 
hydrochloric  add,  water,  ammonia,  and  marsh  gas.  Substances  of  Uie  most  simple 
constitution,  such  as  the  chlorides,  bromides,  and  iodides  of  monatomic  elementary 
sulistances  or  radides,  are  referrible  to  the  hydrogen  type,  since  their  molecules  may 
be  regarded  as  consisting  either  of  a  pair  of  monovalent  atoms,  or  of  such  an  atom 
united  with  a  monovalent  radide.  Thus,  for  example,  the  molecules  of  hydrogen, 
of  hydrochloric  add,  and  of  ammonium  chloride  or  ethyl  chloride,  are  represented 
according  to  the  hyd^rogen  type  by  the  formulae : 

HydrogezL       Hydrochloric  acid.       Ammoninm  chloride.       Ethyl  chloride. 
AA  HH  Ha  NH.Cl  C^H.a. 

Another  large  class  of  substances  are  referrible  to  the  water  type,  inasmuch  as 
their  molecnlea  may  be  regarded  as  consisting  either  of  a  bivalent  atom  united 
with  two  monovalent  atoms  or  radicles,  or  of  a  pair  of  bivalent  atoms  or  radicles.  So, 
for  example,  the  molecules  of  water,  caustic  soda,  and  lime  or  alcohol,  are  representee! 
by  the  typiosl  formulas  : 

Water.         Canttio  loda.  Lime.  Aloohol. 


A 


1^"  fjo  ^^JO  CaO  CA|o 


Substances  which  contain  a  trivalent  atom  or  radicle  are  in  like  manner  referrible 
to  the  ammonia  type,  as  for  example,  the  molecules  of  ammonia,  ethylamine,  phos- 
phorus trichloride,  and  triethylamme : 


Ammonia  PlKMq;>honi8  trichloride.  Ethylamine.  Triethylamine. 

A)                     Hx                         CI)  C,H.x                    CA) 

AfA'"                H[N                      ClhP  H[N                CLH.    N 

A*                    H»                        Cl^  fl^                   CMJ 


lastly,  the  substances  which  contain  a  tetravalent  atom  or  radicle  are  referred  to 
the  manh  gas  type : 

ICanh  gas.  Otrbon  t«tnohloride. 


A 
A 
A 
A 


H\  a\ 


h;  a) 

The  subctanoet  referrible  to  the  water  type  are  very  numerous  and  varied,  com- 
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prising  many  of  the  aeids,  salts,  alcohols,  ethers,  etc.  In  these  tjrpical  fonnulae,  com* 
pound  radicles  are  represented  as  occapjing  the  place  of  one  or  both  of  the  hydrogen 
atoms  in  the  molecule  of  water.  Thus,  for  example,  the  acids  are  represented  as 
being  deriyed  from  water  by  the  substitution  of  oxygenated  radicles,  as  fi^ows : 

Nltrlo  add.  Acetic  acid. 


""il"  "^io 


:s° 


The  correspondiqg  salts  are  represented  as  being  deriyed  from  water  by  the 
substitution  of  an  oxygenated  radicle  for  one  atom  of  hydrogen,  and  a  monstomic 
elementary  atom  for  the  other,  as  follows : 

Potauiiun  nitrate.  Sodium  acetate. 

NO.JO  CAO 

Kr  Na; 

The  composition  of  the  several  members  of  the  alcohol  and  etlier  series  can  be 
represented  uy  substituting  for  one  or  both  hydrogen  atoms  in  the  water  type  one  or 
two  molecules  of  an  alcdiol  radicle,  as  follows : 

Bthrlio  alcobol.       Axnylic  alcohol.  Bther.  Amyllo  ether. 

C»H»)q  CsH„(q  ^A{o  Cft^iilo 

The  anhydrides  may  also  be  represented  as  being  derived  from  water  by  the  sub- 
stitution  of  oxygenated  radicles  for  both  of  the  hydrogen  atoms  as  follows : 

Acetic  anhydride.  Nitric  anhydride. 

C^,Oi"  NO,p 

A  very  considerable  extension  of  the  typical  representation  of  substances  is 
attained  by  means  of  multiple  or  mixed  types.  Thus,  for  instance,  the  duplication  of 
the  hydrogen  type  affords  a  means  of  expressing  the  composition  of  such  substances 
as  ethylene  chloride,   CfiJCl^  inasmuch  as  two  hydrogen  atoms  in  the  typical 

fozmnla  g*>  may  be  represented  as  repUced  by  the  bivalent  radicle  ethylene,  C^H^, 

and  the  oUier  two  by  two  monovalent  atoms  or  radicles,  or  by  a  bivalent  atom  or 
radicle.    Thus,  for  instance,  by  substitution  of  the  bivalent  radicle  O3H4  for  two 

hydrogen  atoms  in  the  double  hydrogen  type  ^[  it  is  possible  to  represent  the  com- 

position  of  ethylene  chloride  and  analogous  compounds  of  bivalent  elementary  sul>- 

stances,  as  follows : 

Ethytone  ohloride.       Oaldnm  chloride.       Calclam  oxide. 
IL(  Gfi,  Ca")  Ca"> 

H.{  CI,  Cl,{  0\ 

By  multiplying  the  water  type  in  the  same  manner  the  composition  of  many  other 
substances  may  be  represented,  for  example,  the  compounds  of  bivalent  elementary 
substances  and  radicles,  such  as  the  polybasic  acids,  etc.,  by  substituting  for  two  or 
more  atoms  of  the  typical  hydrogen  in  these  formulie  acid  radicles  or  metals»  as 
follows : 

Snlphnrlo  Caldum       Oxalic  sold.        Glycol.  Fhoi^horic  add. 

add.  hydrate. 

Sh-  "kl'-  %lO'  '-kl'-  ''h:!o.   Sjo.  Wo, 

The  formulffi  of  the  corresponding  salts  are  obtained  by  substituting  for  the  rest 
of  the  hydrogen  equivalent  quantities  of  the  metals : 

Zinc  snlphate.  Sodium  sulphate  Sodium  phosphate. 

B^lo  SO.{q  SO//q  VO^Iq 

H,{"s  Zn("«  Na,j"»  Na,(^» 

Acid  salts  are  similariy  represented  as  follows : 

Add  sodium  sulphate.  Add  sodium  phoq>haie^ 

SO,   )q  PO     Iq         PO     (^j 


INORGANIC  CHEMISTRY. 


OO 

Tba  Mparate  consideTation  of  the  general  chemical  relations  of  the  elementarj 
BTibttaBoes,  and  of  those  compounds  of  them  "which  either  occur  among  the  materials 
constituting  the  mass  of  the  earth,  or  can  be  produced  from  these  latter  bj  making 
them  act  upon  each  other  under  the  influence  of  heat  or  other  Conditions,  has  long 
been  found  convenient,  because  the  facts  to  be  dealt  with  are  for  the  most  part  of  a 
more  simple  character  than  those  relating  to  the  chemistry  of  the  materials  of  which 
plants  and  animals  consist.     Hence  the  distinction  that  is  made  between  inoiganic 
chemistry  and  organic  chemistry  is  one  justified  to  some  extent  by  the  nature  of  the 
subject  matter  appertaining  to  each  section  of  the  science.    But  at  the  same  time  it 
must  be  remembered  that  this  distinction  is  otherwise  merely  an  artificial  one.    There 
is  no  longer  any  reason,  eyen  of  a  theoretical  kind,  for  retaining  the  opinion  formerly 
entertained  that  the  chemical  phenomena  presented  by  the  organised  structure  of 
planta  or  animals  are  in  any  way  essentially  different  from  those  presented  by 
mineral  substances.    Both  daisses  of  phenomena  are  subject  to  the  same  general  laws, 
and,  although  the  indiyidual  substances  produced  by  plants  and  animals,  or  artificially 
derired  fh>m  their  products,  are  as  a  class  characterised  by  a  peculiarity  of  oompo 
sition,  inasmuch  as  they  all  consist  of  only  a  small  number  of  the  elementary  sub- 
stance,  and  always  contain  carbon  as  a  prominent  constituent,  they  differ  firom 
mineral  or  inorganic  substances  only  in  the  same  manner  that  certain  classes  of  these 
latter  substances,  as,  for  example,  the  compounds  of  iron  or  the  compounds  of  copper, 
differ  from  other  dasMs  of  inorganic  substances. 

Moreoyer,  there  is  in  many  instances  considerable  diiBculty  in  deciding  whether 
certain  substances  should  be  included  amongst  inoiganic  or  organic  compounds,  and 
one  of  the  most  important  results  of  modem  progress  in  chemical  science  has  beefi 
the  disoorezy  of  methods  by  which  a  large  number  of  substances,  ordinarily  pioduceC 
by  plants  or  animals,  can  be  obtained  by  the  direct  or  indirect  combination  of  their 
elementary  constituents. 

Oonsequently  the  separation  of  the  subjects  treated  of  in  the  subsequent  pages, 
under  the  two  heads  of  inoiganic  chemistry  and  oi^nic  chemistry,  is  to  be  regaided 
as  a  purely  arbitraipr  deyice,  having  for  its  object  merely  the  convenience  of  treating 
of  the  general  chemical  relations  of  all  the  elementary  substances  and  their  compounds, 
under  the  first  head,  while  the  consideration  of  the  carbon  compounds  derived  from 
plants  and  animals  is  specially  dealt  with  under  the  second  head. 

Among  the  substances  which  are  properly  classed  as  inorganic,  there  are  many 
which  occur  naturally  as  minerals  in  a  state  which  cannot  be  reproduced  by  artificial 
means.  Thus,  for  instance,  some  of  the  metallic  compounds  constituting  ores  are 
often  found  in  the  form  of  crystals,  and  presenting  physical  characters  widely 
different  from  those  of  the  same  suhstann^s  prepared  by  the  combination  of  elementary 
substances.  This  circumstance  is  referrible  to  the  difference  in  the  conditions  under 
which  such  substances  have  been  formed.  The  crystallised  metallic  compounds  oc- 
curring in  ores,  and  the  various  crystallised  mincffals  occurring  as  constituents  of 
different  rocks,  such  as  granite,  hornblende  schist,  micaceous  schist,  etc.,  are  most 
probably  the  products  of  very  gradual  and  long-continued  chemical  action,  and  perhaps 
also  their  formation  has  been  the  result  of  other  determining  conditions  which  it  is 
impossible  to  imitate.  In  like  manner  the  physical  condition  of  extensive  masses  of 
rocks  such  as  marble,  granular  limestone,  slate,  sandstone,  etc.,  is  the  result  of  long* 
eoBtinued  chemical  action. 

The  several  rocks  comprised  under  the  general  term  of  metamorphic  rocks  have 
ahrayi  ftimiahed  wide  scope  for  speculation  as  to  the  mode  in  which  they  have  acquire 
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their  pTMent  condition.  These  rocks,  presenting  eyident  signs  of  strntillcation,  fossil- 
remains  and,  sometimes,  all  the  features  of  sedimentary  strata,  also  possess  a  crystal- 
line structure,  and  sometimes  resemble  massive  crystalline  rocks  so  closely  as  to  be 
distinguishable  from  them  only  by  retaining  faint  signs  of  stratification  -which  reveal 
tlieir  sedimentary  origin.  Hence  it  is  impossible  to  regard  the  present  condition  of 
these  rocks  otherwise  than  as  having  been  brought  about  by  the  chemical  no  less  than 
the  physical  alteration  of  sedimentary  strata.  Similar  evidence  of  chemical  alteration 
is  afforded  by  crystalline  minerals  which  almost  always  contain  substances  not  belong- 
ing to  their  chemical  constitution, 

In  seeking'  to  arrive  at  a  knowledge  of  the  means  by  which  such  gradually  pro- 
gressive alterations  of  minerals  and  rocks  are  effected^  it  is  necessary  to  take  into 
account  a  variety  of  influences  which,  though  infinitesimal  in  themselves  within  ordi- 
nary periods  of  observation,  are  nevertheless  capable  of  producing,  by  long  continu- 
ance, effects  which  appear,  at  first  sight,  disproportionate.  CbiS  among  these  are 
the  actions  exercised  by  water  as  a  solvent,  ana  by  the  substances  it  holds  in  solution 
when  brought  into  contact  with  rocks  or  minerals.  The  uniformity  in  the  characters 
of  the  water  of  mineral  springs  shows  that  processes  of  chemical  alteration  are 
continuous  and  of  considerable  magnitude  at  great  depths  below  the  eurth's  surface, 
while  the  occurrence  of  large  masses  of  minerals  such  as  kaolin,  evidently  originating 
from  felspathic  rocks  by  the  abstraction  of  some  of  their  constituenta,  indicates  that 
they  are  ue  result  of  similar  slow  chemical  action. 

The  masses  of  metallic  compounds  occurring  in  the  form  of  veins  extending 
through  the  older  rocks,  and  known  by  the  name  of  lodes,  are  especially  interesting 
in  this  respect,  as  they  offer  a  striking  illustration  of  the  way  in  which  chemical 
action  in  past  conditions  of  the  earth's  existence  has  been  operative  in  effecting  a 
concentration  of  the  materials  Arom  which  industrial  art  now  derives  some  of  its  most 
important  products. 

In  regard  to  other  geological  phenomena  in  which  the  effect  of  chemical  action  can 
be  more  distinctly  tra(^ed  it  soon  becomes  apparent,  in  considering  them  from  a 
chemical  point  of  view,  that  there  are  two  forms  in  which  chemical  action  has  in- 
fluenced the  successive  changes  which  it  is  the  province  of  geology  to  study,  and  of 
which  the  superficial  strata  of  the  earth  furnish  the  evidence  and  record.  At  the 
present  time  chemical  action  is  abundantly  exerted  in  various  ways,  in  effecting  the 
alteration  of  existing  materials,  and  there  are  likewise  some  instances  where  it  may 
be  observed  as  producing  a  constructive  effect ;  but  in  this  latter  aspect,  chemical 
action  is  far  more  rarely  susceptible  of  direct  observation  as  an  element  of  geological 
phenomena  than  it  is  in  its  destructive  phase.  For  the  most  part,  the  constructive 
influence  of  chemical  action  in  regard  to  geological  phenomena  can  be  observed  only 
indirectly,  and  the  evidence  of  its  exercise  is  much  of  the  same  nature  as  that  which 
serves  to  determine  the  relative  age  of  the  earth's  strata,  the  climatic  or  other  con- 
ditions prevailing  at  the  time  of  their  formation  as  well  as  their  marine  or  freshwater 
origin. 


OXYGEN. 
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r. — This  substance  was  discovered  in  1774  by  Priestley  in  England,  and 
also  about  the  same  time  by  Schoele  in  Sweden.  Those  chemists  studied  some  of  the 
most  important  properties  of  the  gas,  which  was  at  last  called  dephlogisticatcd  or  vital 
air.  Lavoisier  was,  however,  the  most  active  and  successful  iu  this  respect,  since  he 
made  the  important  discovery  that  the  combustion  of  substances  in  atmospheric  air  con- 
sists in  their  chemical  combination  with  oxygen.  This  discovery  of  Lavoisier^s  was  one 
of  great  moment  for  the  development  of  chemical  science,  since  it  served  to  overthrow 
the  fundamental  hypothesis  of  the  phlogistic  theory,  according  to  which  the  sub- 
stance burnt  in  any  such  case  of  combustion  was  supposed  to  be  converted  into 
'  Calx '  and  *  Phlogiston.'  From  this  discovery  of  oxygen,  and  the  knowledge  of  its 
most  essential  properties,  dates  the  modem  era  of  chemical  science. 

Oeenrrenoe. — Oxygen  is  a  very  abundant  substance,  constituting  about  one- 
third  of  the  known  terraqueous  globe.  In  the  free  or  uncombined  state  it  constitutes 
nearly  one-fifth  part  by  weieht  of  atmospheric  air.  Oxygen  occurs  in  still  greater 
quantity  chemically  combined  with  other  substances,  as  in  water,  eight-ninths  by  weight 
of  which  is  oxygen,  in  almost  all  minerals  and  rocks,  and  in  most  organic  substances. 

Obaraeters. — Oxygen  in  the  uncombined  state  is  a  colourless  and  odourless  gas 
that  has  hitherto  resisted  all  attempts  to  render  it  liquid  or  solid  by  means  of  pres- 
sure and  cold.  It  is  slightly  denser  than  atmospheric  air,  having  a  specific  gravity  of 
1*1056  (air»l);  and,  relatively  to  hydrogen  »  1,  the  density  of  oxygen  is  16.  Its 
power  of  refracting  light  is  less  than  that  of  any  other  gas. 

Oxygen  is  sparingly  soluble  in  water,  which  at  the  ordinary  temperature  dissolves 
about  3  per  cent,  of  its  volume. 

Oxygen  possesses  considerable  chemical  activity,  and  it  is  capable  of  combining 
directly  with  a  great  number  of  elementary  and  compound  substances.  The  chemical 
change  thus  produced  is  termed  oxidation.  This  character  of  o^nrgen  is  manifested  in 
a  variety  of  ways  by  the  oxygen  existing  in  the  atmosphere,  altnough  there  it  exists 
largely  diluted  with  another  gas ;  hence  many  of  the  changes  that  substances  undergo 
when  in  contact  with  atmospheric  air  are  due  to  oxidation.  The  rusting  of  iron  is  a 
familiar  instance  of  change  resulting  from  combination  with  atmospheric  oxygen,  and 
a  number  of  other  phenomena  are  essentially  though  less  obviously  of  a  similar  nature. 

Under  the  influence  of  the  electric  current,  oxygen  gas  is  converted  into  an  allo- 
typic condition,  in  which  it  possesses  other  special  properties,  and  acts  far  more 
energetically  as  an  oxidising  agent 

Vrepaimtloii.— Several  metallic  oxides,  such  as  auric  oxide,  argentic  oxide,  mer- 
curic oxide,  disengage  their  oxygen  when  merely  heated  to  a  temperature  ranging  from 
100°  to  150®  C.  Consequently  it  is  very  easy  to  prepare  oxygen  by  heating  some  one  of 
these  oxides  in  a  close  vessel  furnished  with  a  bent  delivery-tube  terminating  under  a 
bell  glass  filled  with  water  and  immersed  with  its  mouth  downwards  in  a  vessel  of 
water. 

.    Mercuric  oxide,  when  heated  in  a  glass  tube,  is  decomposed  into  metallic  mercury 
and  oxygen  in  the  fbllowing  proportions : — 

HgO     -     Hg     +     0 
216  200  16 

And  for  preparing  small  quantities  of  oxygen  it  is  a  very  convenient  material. 

But  the  high  price  of  such  metallic  oxides  would  render  the  preparation  of  oxygen 
frrim  them  on  a  large  scale  very  costly,  for  with  the  greatest  care  in  manipulation  a 
loss  of  some  portion  of  the  substance  employed  is  not  to  be  avoided. 

A  more  economical  method  of  preparing  oxygen  consists  in  decomposing  the  per- 
oxide of  man^nese,  which  occurs  abundantly  in  Spain,  England,  Germany,  and 
France  as  a  mineral,  and  is  known  as  manganese-ore. 

When  manganese  peroxide  is  heated  to  redness,  it  gives  up  a  portion  of  its 

C 


(ajgmt,  and  a  eompoiind  of  miinennlc  and  manganoiu  oxides  remainB.    Thia  changB  ii 
leprewnted  b;  the  foUoving  equa^on  ; 

3MnO,  .  Mn,0,   +   20. 
261  229  32. 

According  to  this,  msnganese  peroiido  will  yield  ooe-thiid  of  Ha  oxygen,  and  m 
it  coDtains  36-78  per  cent,  b;  weight  of  oxjrgen,  tlie  yield  from  manganCBe-orCk  when 
pure,  will  amount  to  12'2B  percent. 

Tho  apparatus  employed  for  this  purpose  ie  repreMnud  in  eectian  by  flg.I  ;  it 
ixmrnsU  of  a  wntoght-iron  cylindrical  Teaael  (a)  with  a  narrow  neck,  into  which  ia 
fitted  one  end  of  an  iron  delivei7-tnbe  (b),  while  the  otlter  end  ie  connected  by  means 
of  a  cork  (c)  with  a  bent  glasa  tube  dipping  under  llie  shelf  of  a  pnouinatic  Hou^  (b  b) 
filled  with  water. 

Tho  iron  ^linder  (a), partly  filled  with  niangane«»«ra,  is  beatad  in  the  fiiniBaB(o  0  a) 


until  the  deeomporition  of  the  peroxide  commoncee  and  bubbles  of  gas  escape  tlirough 
tJie  water  in  the  pnenmatic  trongh  from  Uid  end  of  the  gloss  tabs.  A  bottle  (n),  com- 
(detely  filled  with  water,  is  then  iuTerted  over  tho  end  of  the  tube  so  as  to  collect  tho 
gas- 

The  Hret  portion  of  gas  given  off  entries  wiUi  it  the  nir  contained  in  the  eopiiratus. 
•a  that  if  pure  oxygen  be  required,  it  is  necessary  to  wait  until  all  the  air  has  been 
driven  out  bdbre  beginning  lo  collect  the  gas. 

It  is  possible  to  obtain  bom  manganese  ore  one-lialf  of  tho  oxygen  it  conUiinS,  or 
18'3S  pet  cent,  by  weight  instead  (^  1226,  by  rarofnlly  treating  a  miituta  of  the 
pomiered  mineral  with  an  excess  of  eulplintic  acid.  The  reaction  in  this  case  is 
represented  bj  the  followiDg  equation  : 

MnO,     +     H^O.     =     Mn80, 


87 


161 


H,0 
16 


As  the  tompcmtare  at  wliioh  imlphut 
•Tolntion  of  oxygen  ie  not  VLiy  high,  this    _ 
Susfc  (a,  fig.  2)  heated  over  a  gas  flame,  the  bottom  of  the  flask  being  protected  by  a  piece 

Since  commcrcinl  manganese  ore  often  contains  carbonates,  and  Carbonic  acid  is 
sometimes  lilwmtcd  even  when  the  mineral  is  treated  alone  or  more  certainly  when  it 
is  tmted  with  lolphuric  acid,  the  gaa  obtained  from  this  source  is  often  impure.    For 
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iUpariflcstionitUpaaedtlirOQghaWoiiIfe'aboUJe  (b)  half  filled  vitJiaitioiigKdntion 
of  soda  or  potuh.  Id  this  vay  all  tJie  carbonic  acid  is  alworbed,  and  tint  ozjgeo  fatt- 
ing out  Ummgh  tha  deliTer^  tv)*  of  b  can  b«  collocted  nther  in  an  inTuted  glaia 
cjllDdar  (c)  orex  a  pneumatic  trough,  or  in  a  gosboldci. 


Fotaaaiom  chlorate  is  a  conrenleat  source  of  ongen,  inasmueti  as  it  ii  deoompoeed 
bj  heating  and,  giving  np  Uib  whole  of  its  oxygen,  isconrerted  into  pDtawium  cblorids 
Mccdrdiiig  to  the  following  equation  : — 

KCIO,     =     KQ     +     30 


which  remains  in  the  geaerating  appaiatus  as  a  solid  mass  caailj  soluble  in 

This  decompodtion  nail;  takea  place  in  two  Btages,  the  flnt  Mfolting  in  the  cc 
Tienion  of  part  of  the  cUorot«  into  perchloiste  as  follows : — 

2KC10,     -     KCl     +     XaO,     +     20 


B  ttitciiee  heat,  the  perchlorata  gires  up  all  it 


KCI    +     40 

74-5  64 


In  this  latUr  stage  of  tha  process  the  decompoBitloii  is  so  sudden  that  the  melUd 
potassium  chloride  ia  liable  to  frotii  otct,  and  the  best  rcquieito  is  so  great  that  glass 
fluks  often  eoftea  nnd  give  way. 

Fotasflinin  chlorate  decompoees,  however,  at  a  compar^tii'elj  low  tempera tnre,  when 
mixed  with  manganue  peroxide,  while  tlio  macganeee  poruiiile  remaioH  unaltered, 
acting  limplj  aa  a  diluting  material,  anil  mechaaicallj'  bj  the  suriace  it  presents. 

Ip  order  to  obtain  a  constant  and  atrong  development  of  oxygen,  it  is  better  to 
make  oas  of  a  mixture  of  equal  parts  of  potrdsred  msnganeae  ore  and  potassium 
chloreta.     The  Hppnnitus  reprecenled  b;  fig.  2  serves  for  this  purpose. 

During  the  last  few  jears  attempts  have  been  made  to  lEolnto  the  oxygon  from 
atmapheric  air.  where  it  exists  in  Kuch  liirgo  quantitj.  One  of  the  moat  practicable 
methods  for  this  purpose  consista  in  heating  moist  cuprous  chloride,  with  access  of  nir, 
to  a  temperature  ranging  from  100°  to  200°  C.,  in  a  rotatory  cast-iron  retort,  the 
■alerior  of  which  ia  protected  against  the  action  of  the  cliarge  or  of  the  products  de- 
veloped from  it  by  a  suitable  coating.  Under  theae  conditions  oxygen  is  absorbed 
fiom  the  air,  cuprous  oxjchloride  being  formed  ;  and  when  thia  is  hcJitid  to  400°  C., 
it  gives  ap  again  the  oxygen  it  had  absorbed  from  the  air.  In  caning  out  this  pro- 
tat,  it  ia  of  practical  adrnntage  to  mix  the  cuprons  chloride  with  sand  or  powdered 


WUd,  id  order  to  prevont  it  from  melting.    Id  this  way  cuprous  chloride  mixed  with 

— '  Tields,  for  each  100  ktlogranu,  from  3  to  3J  cubic  metrea  of  ~~' 

K  operation  can  be  repeated  four  or  Svs  times  daily,  it  is  possible  I 
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this  ipaca  of  time  frcna  Ifi  to  18  cubic  metna  of  oxygen  from  100  kilogisiiu  of 
cnprooa  cblorids.  Other  methodd  of  isotaUng  oxygen  &om  the  atmoBphflrK  air,  as, 
tor  initance,  bjr  meotu  of  peroxide  of  bariain,  do  not  appear  to  be  pincdcallj  advon- 

COLLBCTioH  iHD  Stobaob  OF  Gaseh.— The  gUsa  tcssoIb  coprcwnted  in  age.  1  and 
2  are  onl;  Buitallo  fur  collecCing  enmll  qmintities  of  gaa  by  means  of  the  pneumatic 
tiongh.  vhen  reqnireil  for  immediate  nse. 

LF  laigpr  qoantitieB  of  gas  are  Feqaired  tiian  can  be  conveniently  coUectad  in  glass 
Tesuls,  it  is  necessair  to  use  a  gBaholder  made  of  sheet  copper,  as  represontsJ  hj  fig.  3, 
connating  of  a  doaocylinder  (a  b)  farnished  vith  a  glass  gang?  (lA),  and  at  the  bottom 
with  a  lateialEM^(^)  that  can  be  closed  with  a  screv  plug  or  a  cork.  A  smaller  cjlin- 
diicaWeseel  (c  d),  open  at  the  top,  is  supported  upon  three  pillars  above  An.  These 
i^lioders  an  connected  togetheriDtemalljb;thetobes(;/),  both  fnmiahed  with  taps  bo 
that  tbe  cammnniratian  between  the  cylinders  may  be  shut  off  at  pleosore.  The  tube 
/  extends  from  the  bottom  of  CD  nearly  t«  the  bottom  of  ab,  while  tbetube«  is  imme- 
diately inside  the  to 


throng  the  tnbe  e.  When  the  cylinder 
(ab)  isqoite  filled  with  water,  the  tapa  are 
closed  and  the  lateral  neck  (g)  it  opened  bo 
aa  to  allow  the  deli Teiy-tnbe  from  the  gas- 
generating  apparatus  to  be  insCTted.  The 
gas  streaming  into  a  n  will  then  displace 
the  water,  and  force  it  out  through  the 
neck(ff)  into  the  panOj).  As  soon  as  as 
iaflUed  with  gas,  which  mny  be  ascertuned 
by  the  water-lerel  in  the  glass  gauge  (A  h), 
the  gas  delirerj-tube  is  remoTed  and  the 
neck  (g)  closed. 

Id  umng  the  gasholder  thus  charged 
*rith  a  gaa,  the  cylinder  (c  »)  is  flUed  with 
water  and  the  tap  in  Hie  tnbe  (/)  opened  so 
as  to  allow  water  to  Sow  into  a  b  and  com- 
press the  gaa  it  contains.  Then,  on  open- 
ing the  tap  in  the  tube  >,  the  gas  will 
escape  ai  water  flows  in  thwingh  /,  and  it 
may  be  collected  in  a  gloss  jar  filled  with 
water  and  iorerted  over  the  mouth  of  the 
tube   e.      Somotimee  it   is   conTeoient   to 


ontinuons  stroam  ol 

Va«a, — In  confined  spaces,  whore  the 


Fro.  3. 


eplaced,  it  has  been  at- 
tempted with  good  sHccesB  to  make  use  of 
oxygen  in  order  to  maintain  the  air  in  a 
.  respirable  condition.     Many  such  eiperi- 

nienls  have  been  made,  with  diTing-belU  moro  especially,  Oiygen  is  also  mnch  used 
in  chemical  laboratories,  chiefly  for  oxidising  rarious  substances  in  chemical  analysis. 
In  a  snbsequent  chapter  it  will  be  explained  ho*  oxygen  is  used  in  combination  with 
hydiD^n  far  obtoimng  high  temperatures. 

Withont  doubt,  oxygen  gas  tronld  be  very  much  used  for  the  production  of  light 
and  heat,  for  the  oiidatioQ  of  suMur,  and  for  the  roasting  of  cert«ii  ores,  etc.,  if  it 
could  be  more  chesplj  prepared.  But  up  to  the  prosent  tjme,  notwithstanding  many 
attempts  in  this  direction,  there  is  still  do  method  of  preparation  known  whi)£  would 
admit  of  the  general  ose  of  oxygen  for  such  purposes. 

Oamponnds,— With  the  probable  exception  of  fluorine,  aU  the  elemontair  inb- 
■tances  form  oompounds  with  oxygen,  which  are  termed  oiiJes.  Many  of  these 
substances  occur  naturally  in  great  abundance,  and  some  of  them  are  of  great  impor- 
tajice  aa  the  sources  of  various  metals.  Othera  are  prepared  artificially,  and  extensivolT 
nwd  for  a  Tariety  of  purposes.  ' 

Oxides  are  dnssiflad  according  to  the  atomic  proportione  of  oiygeD  they  contain 
as  monoiides,  dioxides,  t^ioIide^  tetrox idea,  pen toiides,  etc.,  the  prefix  in 
each  case  indicating  the  number  of  oi^ygea  atoms  in  the molecale,    When  t.  substucs 
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combines  "with  oxjgen  in  more  than  one  proportion,  the  oxide  containing  the  least 
oxygen  is  often  csJled  protoxide  and  one  of  dioso  containing  more  oxygen  is  SQpe- 
times  called  peroxide.  Several  of  the  trioxidcs  are  also  termed  sesquioxides 
irhen  they  contain  half  as  much  oxygen  again  as  the  corresponding  protoxides. 
Oxides  containing  different  proportions  of  oxygen  are  often  distinguished  by  adding 
to  the  name  of  the  substance  they  contain  in  common,  the  terminations  ous  and  ic; 
for  example,  sulphurous  oxide  and  sulphuric  oxide,  ferrous  oxide  and  ferric  oxide, 
cuprous  oxide  and  cupric  oxide. 

The  formulae  in  the  accompanying  table  represent  the  composition  of  the  more 
important  oxides  of  the  elementary  substances. 


Monoxides 

Dioxides 

Trioxides 

Tetroxides 

Fentoxides 

Carbon  . 

.^_ 

CO 

CO, 

.^ 

Silicon   . 

— 

— 

SiO, 

— 

— 

— 

Titanium 

— 

— 

— 

TiO, 

— 

— 

— 

— 

Sulphur 

— 

SO, 

— 

SO, 

— 

— 

Selenium 

SeO, 

SeO, 

— 

— 

Tellurium 

— 

TeO, 

TeO, 

— 

— 

Molybdenum  . 

— 

MoO, 

— 

MoO, 

— 

— 

— 

Tungsten 

— 

— 

— 

— 

WO, 

— 

^ 

Boron 

— 

— 

— ' 

B,0, 

— 

— 

Chlorine 

C1,0 

— 

— 

ao. 

01,0, 

— 

Iodine    . 

— 

— 

— 

1,0. 

Nitrogen 

N,0 

NO 

— 

NO, 

N,0, 

N,0. 

Phosphorus    . 

— 

— 

— 

— 

P,0, 

— 

— 

— 

P,0. 

Arsenic . 

— 

— 

As,0, 

— 

— 

A8,0. 

Antimony 

— 

Sb,0, 

— 

Sb,0, 

— 

8b,0. 

Bismuth 

— 

— 

— 

Bi,0, 

— 

— 

Bi,0. 

Gold      . 

Au,0 

-^ 

— 

— 

Au,0, 

— 

— — 

_ 

— 

Tin 

SnO 

SnO, 

Sn,0, 

— 

— 

Platinum 

— 

PtO 

PtO, 

. — 

— 

— 

— 

Palladium 

— . 

PdO 

PdO, 

— 

— 

— — 

Aluminium 

— 

— — 

— 

A1,0, 

— 

— 

— 



Uranium 

UO 

— 

U,0, 

— 

— 

u.o, 

u.o. 



Cobalt   . 

— 

CoO 

— 

— 

Co,0, 

— 

Co,04 

Nickel    . 

<— 

NiO 

— 

Ni,0, 

— 

Ni,0, 

— 

Iron 

FeO 

.— 

— 

Fe,0, 

— 

Fe,0, 

— 



Manganese 

— 

MnO 

MnO, 

Mn,0, 

— 

— 

Mn,0^ 



Chromium 

— 

CrO 

— 

CrO, 

Cr,0, 

CrO, 

— 

Cr,0, 

— 



Lead 

Pb,0 

PbO 

— 

PbO, 

— 

— 

Pb,0, 

— 

— 

Mercury 

Hg,0 

HgO 

— 

— 

— 

— 

— 



1  Copper  . 

Cu,0 

CuO 

— 

— 

— 

— 

— 



Silver    . 

Ag,0 

Ag,0, 

— 

— 

— 



Barium  . 

BaO 

BjiO, 

— 

— 

— 

— 



Strontium 

SrO 

SrO, 

— 

— 

Calcium 

CaO 

— 

CaO, 

— 

— 

— 

— > 

Potassium 

K,0 

K,0, 

— . 

— 

<— 

Sodium  . 

Na,0 

— 

Na,0, 

— 

— 

— 



1  Hydrogen 

H,0 

H,0, 

— 

— 

With  the  exception  of  water,  and  some  oxides  of  the  metalloids  which  are  gaseous 
nnder  ordinary  conditions  of  temperature,  most  of  the  oxides  of  elementary  substances 
are  solid.  Many  of  them  molt  at  various  degrees  of  heat,  and  a  few  are  volatilisable ; 
some  are  readily  and  entirely  decomposed  by  heating,  others  are  merely  converted  into 
lower  oxides  with  partial  evolution  of  oxygen;  and  several  of  them  are  not  in  any  way 
altered  by  the  highest  temperatures  that  can  be  produced. 

Many  of  the  oxides  are  capable  of  combining  with  each  other  and  form  compounds 
termed  salts,  in  which  the  characters  of  the  constituents  are  masked  or  neutralised, 
and  those  oxides  which  are  most  dissimilar  in  themselves  or  in  the  characters  of  the 
elementary  substances  they  contain  are  most  susceptible  of  such  combination.  Thus, 
for  instance,  nitric  pentoxide  or  sulphur  trioxide  combines  with  metallic  oxides, 
forming  two  series  of  saline  compounds  called  nitrates  and  sulphates,  the  com- 
pQfonds  with  sodium  monoxide  being  cubic  nitre,  or  sodium  nitrate,  and  sodium 
tolphate,  or  the  substance  known  as  Glauber's  salt. 

K,0,  +  Na,0  -  2NaN0,  and  SO,  +  Na,0  -  Na,S0^ 
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The  oxides  which,  like  iodic,  nitric,  phosphoric,  boracic,  arsenic  oxides,  etc,  oor- 
respond  with  snlphorie  oxide  in  this  respect  are  called  acid  oxides,  and  thej  form 
sei^ral  series  of  salts  called  iodates,  nitrates,  phosphates,  borates,  arsenates,  etc.  The 
oxides  corresponding  with  sodium  monoxide  are  called  basic  oxides.  This  distinction 
between  oxides  on  the  ground  of  their  chemical  relations  is,  to  a  certain  extent,  con- 
sistent with  the  distinction  between  elementary  substances  as  metals  and  metalloids, 
inasmuch  as  the  acid  oxides  are  chiefly  oxides  of  metalloids^  while  the  oxides  of  the 
metals  are  chiefly  basic  oxides. 

The  acid  or  basic  clmracter  of  an  oxide  seems,  however,  to  be  in  some  cases  as 
much  determined  by  the  proportion  of  oxygen  it  contains  as  by  the  nature  of  its  other 
elementary  constituents,  since  several  of  the  lower  oxides  of  metals  are  basic  oxides 
and  the  corresponding  higher  oxides  are  acid  oxides.  Thus,  for  instance,  chromous 
oxide  (OrO)  is  a  decidedly  basic  oxide,  while  the  trioxide  (CrO|)  is  as  decidedly  an 
acid  oxide. 

The  capability  of  assuming  in  this  respect  opposite  chemical  relations  is  especially 
marked  in  the  case  of  hydrogen  monoxide,  or  water,  which  combines  with  acid  oxides, 
as  well  as  basic  oxides,  forming  compounds  which  differ  in  some  respects  £rom  the 
generality  of  salts.  Thus,  for  instance,  sulphuric  oxide  combines  with  water,  forming 
a  compound  corresponding  to  sodium  sulphate  SO,  +  H^O  «=  H^SO^  or  hydrogen  sul- 
phate, in  which  the  acid  character  of  the  oxide  is  rather  intensified  than  neutralised 
as  in  other  sulphates.  This  is  the  case  with  all  the  acid  oxides,  and  hence  the  corre- 
landing  hydrogen  salts  are  speciallv  designatedacids ;  hydrogen  sulphate,  for  instance, 
being  ordinary  sulphuric  acid  and  hydrogen  nitrate  HNO,  nitric  acid. 

Ill  the  compounds  of  basic  oxides  with  water  likewise  the  basic  characters  of  those 
oxides  are  not  neutralised  as  in  ordinary  salts,  but  are  even  more  marked  than  in  the 
oxides  themselves,  as  in  the  case  of  the  compounds  of  calcium  oxide,  or  quicklime, 
and  sodium  monoxide  with  water  CaO  +  H^O  «=  HjCaOgand  Na^O  +  Hfi  »  2HNaO. 
On  this  account  the  compounds  of  basic  oxides  with  water  are  often  termed  hydrat^d 
oxides  or  hydrates,  as  calcic  hydrate,  sodium  hydrate,  or  sometimes  bases,  to  dis- 
tinguish them  from  salts  generally,  and  from  adds  or  the  hydrogen  salts  of  acid 
oxides.  The  distinction,  however,  is  merely  conventional,  since  t£e  compounds  of 
add  oxides  with  water  might  equally  be  termed  hydrates  of  those  oxides,  e.ff,  sul- 
phuric hydrate,  nitric  hydrate,  etc. 

Combustion. — The  direct  combination  of  oxygen  with  other  substances  is  always 
attended  with  considerable  evolution  of  heat,  and  in  many  natural  operations  some 
process  of  oxidation  is  the  principal  source  of  heat.  It  is  also  the  only  means  by 
which  heat  is  produced  artificially.  In  many  instances  when  oxidation  takes  place 
rapidly  it  gives  rise  to  the  phenomenon  of  combustion,  the  temperature  of  the  substance 
produced  by  the  combination  being  raised  to  such  a  degree  by  the  heat  evolved  as 
to  render  it  luminous,  as  in  the  burning  of  fuel  or  of  the  materials  used  for  obtaining 
light.  These  effects  are  also  produced  by  some  other  kinds  of  chemical  action,  but 
they  are  so  much  more  frequently  the  result  of  oxidation  that  the  term  combustion 
is  specially  applied  to  the  evolution  of  heat  and  light  attending  oxidation.  In  all 
ordinary  cases  of  combustion  the  burning  substance  combines  with  oxygen  derived 
from  the  atmospheric  air  immediately  surrounding  it;  sulphur  in  burning  being 
oxidised  to  sulphurous  oxide,  phosphorus  to  phosphoric  oxide,  carbon  to  carbonic 
dioxide,  and  hydrogen  to  hydnc  oxide  or  water.  Oxygon  is  therefore  termed  a 
supporter  of  combustion,  and  substances  that  are  capable  of  combining  with 
oxygen  in  this  way  are  termed  combustible  substances. 

The  combination  of  oxygen  with  substances  in  this  way  does  not  take  place  at  the 
ordinary  temperature  except  in  a  few  very  rare  instances ;  and  in  order  to  make  any 
substance  bum  it  must  be  heated  to  the  particidar  temperature  or  burning-point 
at  which  it  enters  into  combination  with  oxygen,  or  in  ordinary  language  takes  fire. 
When  this  combination  has  once  commenced  it  is  generally  maintained  by  the  heat 
always  evolved  in  the  process,  so  long  at  least  as  there  is  an  a^^ailuble  supply  of  oxygen 
and  any  of  the  combustible  substance  remains  unbumt. 

A  number  of  substances  that  do  not  burn  readily  or  at  all  in  atmospheric  air  can 
be  burnt  in  pure  oxygen.  Iron-wire,  for  instance,  bums  with  brilliant  coruscations 
when  made  red-hot  at  the  end  and  introduced  into  pure  oxygen  gas.  Carbon,  sulphur, 
phosphorus,  and  other  combustible  substances,  also  bum  in  oxygen  with  much  greater 
luminous  intensity  than  in  atmospheric  air.  Phosphorus  especially  bums  with  such  a 
dazzling  light  that  the  eye  cannot  bear  it.  The  fact  admits  of  oxygen  being  easily 
recognised.  If,  for  instance,  an  incandescent  wood  splinter  be  inserted  into  a  vessel 
containing  oxygen  it  immediately  begins  to  burn  with  an  intensely  bright  li^t. 
Nitrous  oxide  is  Che  only  other  gas  that  produces  a  similar  effect,  and  that  can  be  dis- 
tingnished  from  oxygen  by  its  greater  solubility  in  water,  and  by  not  forming  red 
Aunee  with  nitric  oxide  gas  as  oxygen  does. 
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The  particalar  phenomena  presented  by  substances  in  burning  depend  to  a  great 
extent  upon  the  physical  condition  of  the  combustible  substances  themselves  and  of 
the  products  of  their  oxidation.  Thus,  for  instance,  substances  that  are  gaseous  bum 
irith  flame,  and  this  is  also  the  case  with  solids  or  liquids  that  are  capable  of  assuming 
the  state  either  of  gas  or  Tapour.  Substances  that  do  not  assume  the  gaseous  condition 
in  burning  give  no  flame.  In  both  cases  combination  with  oxygen  takes  place  when 
the  burning  substance  is  in  contact  with  atmospheric  air ;  and  while  a  non-volatilisable 
substance,  such  as  charcoal  or  iron,  bums  without  any  considerable  alteration  in  the 
bulk  of  the  unoxidised  mass,  the  phenomenon  of  flame  presented  in  the  combustion  of  a 
gas  or  Tapour  is  simply  a  result  of  the  mobility  and  expansibility  belonging  to  sub- 
stances in  that  physical  condition.    Flame  is,  in  fact,  merely  intensely  heated  gas. 

When  oxidisable  gases  are  mixed  with  a  sufficient  proportion  of  oxygen  gas  or 
atmospheric  air  for  their  oxidation  and  brought  into  contact  with  flame,  combination 
takes  pUoe  suddenly  through  the  entire  mass,  and  the  expansion  of  the  gas  by  the 
heat  evolyed  causes  a  riolent  concussion.  Combination  taking  place  in  this  way  is 
termed  explosion. 

The  quantity  of  heat  eyolved  in  oxidation  differs  according  to  the  nature  of  the 
substance  oxidised,  and  according  to  the  proportion  of  oxygen  with  which  the  substance 
combines.  Thus  hydrogen  evolves  considerably  more  heat  when  burnt  than  an  equal 
weight  of  carbon  does,  and  when  carbon  is  burnt  to  carbonic  dioxide  the  quantity  of 
heat  evolved  is  much  greater  than  when  it  is  burnt  to  carbonic  oxide. 

The  following  table  gives  the  quantities  as  well  as  the  relative  amounts  of  heat 
evolved  in  the  direct  oxidation  of  several  elementary  substances : — 


Product  of 

Quantity  of  heat 

Relative  heat 

oxidation 

generated 

of  oxidation 

Heat-nnits 

Hydrogen        .... 

HaO 

33881 

4-23 

Carbon   * 

CO, 

8000 

I- 

Snlphur  . 

SO, 

2307 

0-29 

Phosphorus 

PA 

6747 

0-72 

Iron 

Fe,0 

1582 

019 

Zinc 

ZnO 

1330 

017 

Tin 

SnO, 

1147 

014 

Copper   . 

CuO 

603 

007 

According  to  these  data  the  actual  quantity  of  heat  evolved  in  the  oxidation  of 
1  gram  of  carbon  to  carbonic  dioxide  is  sufficient  to  raise  the  temperature  of  8,000 
grams  of  water  one  degree,  or  of  80  grams  from  0°  to  100°.  The  heat  generated  in 
Uie  oxidation  of  hydrogen  is  more  than  four  times  as  much. 

The  immediate  effect  of  the  heat  evolved  in  combustion  is  to  raise  the  temperature 
of  the  substance  produced,  and  then  the  heat  is  gradually  dispersed  by  conduction 
throughout  the  mass  of  contiguous  substances  as  well  as  hy  raaiation.  The  increase 
of  temperature  thus  produced  is  to  a  great  extent  dependent  upon  and  proportionate 
to  the  rate  of  oxidation,  and  the  higher  degrees  are  distinguished  according  to  the 
colour  of  the  light  emitted  by  the  heated  substance,  as  red  heat,  white  heat,  etc. 
In  every  case,  however,  there  is  a  limit  to  the  temperature  that  a  substance  can  pro- 
duce  by  its  combustion.  The  conditions  that  influence  this  will  be  treated  of  under 
the  head  of '  Fuel.' 

The  light  emitted  in  combustion  depends  very  much  upon  the  temperature  produced ; 
but  it  is  also  considerably  influenced  by  the  physical  condition  of  the  combustible  sub- 
stance and  that  of  the  product  of  oxidation,  as  well  as  by  the  temperature  to  which 
it  is  heated.  Solids  such  as  carbon  or  iron,  that  burn  -without  vapouring,  are 
capable  of  emitting  a  very  intense  light  in  combustion.  The  flame  of  hydrogen,  how- 
ever, is  but  very  feebly  luminous,  although  its  temperature  is  much  higher  than  that 
produced  by  the  combustion  of  iron  or  of  carbon.  The  luminous  intensity  of  flame  is 
also  greater  in  proportion  to  the  density  of  the  vapour  or  gas  burnt  and  of  the  gaseous 
products  formed  ;  paraffin,  for  instance,  bums  with  a  very  luminous  flame,  while  marsh 
gas,  a  snl«tance  of  the  same  chemical  composition,  bums  with  only  a  faint  light,  the 
density  of  this  gas  being  very  considerably  less  than  that  of  paraffin  vapour.  The 
preaence  of  solid  particles  in  a  flame,  as  a  result  either  of  the  change  produced  by 
oxidation  or  of  other  conditions,  is  another  circumstance  that  considerably  augments 
the  luminous  intensity,  especially  if  the  temperature  be  high.  Thus  zinc  and  phos- 
phorus, both  furnishing  solid  products  by  oxidation,  give  intensely  luminous  flames  when 
Wnt    The  light  emitted  by  the  flame  of  a  candle  or  of  coal  gas  is  probably  due  in 
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The  oxides  vhidi,  like  iodic,  nitric,  phosphoric,  boracic,  arsenic  oxides,  etc,  cor- 
respond with  snlphuric  oxide  in  this  respect  are  called  acid  oxides,  and  they  form 
sei^ral  series  of  salts  called  iodates,  nitrates,  phosphates,  borates,  arsenates,  etc.  The 
oxides  corresponding  with  sodium  monoxide  are  called  basic  oxides.  This  distinction 
between  oxides  on  the  ground  of  their  chemical  relations  is,  to  a  certain  extent,  con- 
sistent with  the  distinction  between  elementary  substances  as  metals  and  metalloids, 
inasmuch  as  the  acid  oxides  are  chiefly  oxides  of  metalloids,  while  the  oxides  of  the 
metals  are  chiefly  basic  oxides. 

The  acid  or  basic  character  of  an  oxide  seems,  however,  to  be  in  some  cases  as 
much  determined  by  the  proportion  of  oxygen  it  contains  as  by  the  nature  of  its  other 
elementary  constituents,  since  several  of  the  lower  oxides  of  metals  are  basic  oxides 
and  the  corresponding  higher  oxides  are  acid  oxides.  Thus,  for  instance,  chromous 
oxide  (CrO)  is  a  decidedly  basic  oxide,  while  the  trioxide  (CrO|)  is  as  decidedly  an 
acid  oxide. 

The  capability  of  assuming  in  this  respect  opposite  chemical  relations  is  especially 
marked  in  the  case  of  hydrogen  monoxide,  or  water,  which  combines  with  acid  oxides, 
as  well  as  basic  oxides,  forming  compounds  which  differ  in  some  respects  £rom  the 
generality  of  salts.  Thus,  for  instance,  sulphuric  oxide  combines  with  water,  forming 
a  compound  corresponding  to  sodium  sulphate  SO,  +  H^O  ^  H^SO^  or  hydrogen  sul- 
phate, in  which  the  acid  character  of  the  oxide  is  rather  intensified  than  neutralised 
as  in  other  sulphates.  This  is  the  case  with  all  the  acid  oxides,  and  hence  the  corre- 
i^nding  hydrogen  salts  are  specially  designated  acids;  hydrogen  sulphate,  for  instance, 
being  ordinary  sulphuric  acid  and  nydrc^n  nitrate  HNO,  nitric  acid. 

In  the  compounds  of  bcksic  oxides  with  water  likewise  the  basic  characters  of  those 
oxides  are  not  neutralised  as  in  ordinary  salts,  but  are  even  more  marked  than  in  the 
oxides  themselves,  as  in  the  cose  of  the  compounds  of  calcium  oxide,  or  quicklime, 
and  sodium  monoxide  with  water  CaO  +  H,0  «  HjCaOgand  Na,0  +  Rfi  =  2HNaO. 
On  this  account  the  compounds  of  basic  oxides  with  water  are  often  termed  hydra  ted 
oxides  or  hydrates,  as  calcic  hydrate,  sodium  hydrate,  or  sometimes  bases,  to  dis- 
tinguish them  from  salts  generally,  and  from  acids  or  the  hydrogen  salts  of  acid 
oxides.  The  distinction,  however,  is  merely  conventional,  since  the  compounds  of 
acid  oxides  with  water  might  equally  be  termed  hydrates  of  those  oxides,  e.ff,  sul- 
phuric hydrate,  nitric  hydrate,  etc. 

Combustion. — The  direct  combination  of  oxygen  with  other  substances  is  always 
attended  with  considerable  evolution  of  heat,  and  in  many  natural  operations  some 
process  of  oxidation  is  the  principal  source  of  heat.  It  is  also  the  only  means  by 
which  heat  is  produced  artificially.  In  many  instances  when  oxidation  takes  place 
rapidly  it  gives  rise  to  the  phenomenon  of  combustion,  the  temperature  of  the  substance 
pxtMluced  by  the  combination  being  raised  to  such  a  degree  by  the  heat  evolved  as 
to  render  it  luminous,  as  in  the  burning  of  fuel  or  of  the  materials  used  for  obtaining 
light.  These  effects  are  also  produced  by  some  other  kinds  of  chemical  action,  but 
they  are  so  much  more  frequently  the  result  of  oxidation  that  the  term  combustion 
is  specially  applied  to  the  evolution  of  heat  and  light  attending  oxidation.  In  all 
ordinary  cases  of  combustion  the  burning  substance  combines  with  oxygen  derived 
from  the  atmospheric  air  immediately  surrounding  it;  sulphur  in  burning  being 
oxidised  to  sulphurous  oxide,  phosphorus  to  phosphoric  oxide,  carbon  to  carbonic 
dioxide,  and  hydrogen  to  hydnc  oxide  or  water.  Oxygen  is  therefore  termed  a 
supporter  of  combustion,  and  substances  that  are  capable  of  combining  with 
oxygen  in  this  way  are  termed  combustible  substances. 

The  combination  of  oxygen  with  substances  in  this  way  does  not  take  place  at  the 
ordinary  temperature  except  in  a  few  very  rare  instances ;  and  in  order  to  make  any 
substance  bum  it  must  be  heated  to  the  particular  temperature  or  burning-point 
at  which  it  enters  into  combination  witli  oxygen,  or  in  ordinary  language  takes  fire. 
When  this  combination  has  once  commenced  it  is  generally  maintained  by  the  heat 
always  evolved  in  the  process,  so  long  at  least  as  there  is  an  available  supply  of  oxygen 
and  any  of  the  combustible  substance  remains  unbumt. 

A  number  of  substances  that  do  not  bum  readily  or  at  all  in  atmospheric  air  can 
be  burnt  in  pure  oxygen.  Iron-wire,  for  instance,  bums  with  brilliant  coruscations 
when  made  red-hot  at  the  end  and  introduced  into  pure  oxygen  gas.  Carbon,  sulphur, 
phosphorus,  and  other  combustible  substances,  also  bum  in  oxygen  with  much  greater 
luminous  intensity  than  in  atmospheric  air.  Phosphorus  e^)ecially  burns  with  such  a 
dazzling  light  that  the  eye  cannot  bear  it.  The  fact  admits  of  oxygen  being  easily 
recognised.  If,  for  instance,  an  incandescent  wood  splinter  be  inserted  into  a  vessel 
containing  oxygen  it  immediately  begins  to  bum  with  an  intensely  bright  light. 
Nitrous  oxide  is  the  only  other  gas  that  produces  a  similar  effect,  and  that  can  be  dis- 
tinguished from  oxygen  by  its  greater  solubility  in  water,  and  by  not  forming  red 
fames  with  nitric  oxide  gas  as  oxygen  does. 


ALLOTEOPIO  FOHM  OF  OXTQEHJ. 


The  initrnmenta  termsd  ozODomoters  eocnit  essenliiillf  of  strips  of  paper  prepared 
in  Uie  vBj  nbore  maQtioned :  when  brought  iiito  air  cODtainine  ozone,  they  would 
indicate  the  amoant  (^  OBOoe  contained  ia  the  air  by  the  degree  of  intenBity  of  the  blue 
coIoiBtian  produced.  Since  the  actual  quantitj  of  (oono  correepoDding  to  a  par- 
ticular d^no  of  blue  coloration  is  not  known,  such  ozoaometcrg  only  indicate  the 
Telatire  amounts  of  ozone  in  the  air.  The  posBible  presence  of  nitrogen  oxides  in 
atmospheric  air  renders  the  indications  of  these  inatrnments  very  uncertain.  A  better 
tcet  consieta  of  red  litmus  paper,  with  half  its  surface  impregnated  with  a  one  per 
cent,  solution  of  potassium  iodide.  Tho  portion  of  the  paper  thus  impregnated 
becomes  blue  by  cont&ct  with  air  containing  ozone,  in  conseqaence  of  oxidation  and 
the  formation  of  potash.  The  unimpregnated  portion  of  the  paper  is  not  atoU  altered 
unless  the  air  contains  ammoniacol  vaponra,  and  then  the  paper  becomes  blue  over  its 
entire  aurfacs. 

OioDfl  exerts  an  oxidising  actios  upon  many  organic  substances,  destroying  some 

itirely,  oiidiring  others  on'"  ' '" '"'     '"--  -  '—  - — ■ -■— ■ 

le  eoloDr  of  many  plants,  I 
rendered  blue  by  this  agent. 

If  oione  be  condocted  through  a  gloss  tube  heated  to  redness,  it  is  deeoropoted,  the 
Tolnme  of  the  gas  is  pcrtnanently  increased,  and  oidinonr  oxygen  is  formed.  Ozone  i* 
*lw  conTeitad  into  ordinary  oiygru  at  a  temperature  of  260°  to  300°. 

Osone  acts  in  a  very  remarkable  manner  upon  cortain  peroxidoB.  Wben  brought 
into  contact  irith  barium  peroxide,  hydrogen  peroxide,  or  other  peroxides,  it  is  con- 
terted  into  ordinaiy  oxygen,  while  the  peroxides  also  give  up  a  part  of  their  oxygen 
and  tn  conTcned  into  lower  oxides. 

VropsimtloB.— Though  ozone  is  always  present  in  small  qnanUtj  in  the  atrno- 
I.  still  it  cannot  be  obtained  from  that  source  in  such  a  eoncealrated  condition 
U  its  chancteristic  properties  are  evident.    It  is  not,  in  fact,  possible  to  pre- 
pare pure  osone,  and  what  la  called  oione  is  only  air  or  oxygon  containing  some 
admiztui«  of  ocone. 

Oaone  is  produced  in  every  case  where  elsctiical  dischargn  take  place  in  the  air, 
oa  in  the  prodnction  of  sparks  by  electrical  machines,  etc  During  a  tbuuderstorm 
also  a  strong  odour  of  oione  is  often  noticeable.  Ozone  is  formed,  moreover,  in  con- 
■ideiable  amount  when  phoaphoms,  partially  immersed  in  water,  is  exposed  to  the  lit, 
and  wben  dry  potaasiuRi  permanganate  ia  decomposed  with  strong  sulphuric  add, 
also  in  the  combustion  of  hydrogen  in  the  air. 

Lastly,  there  are  many  subelauces  called  ozone  bearera,  which  exhibit  the  oEons 
reaction  with  potossiom  iodide,  and  are  therefore  sappoeed  to  become  ozonised  upon 
pnloDged  contact  with  the  air.  To  this  class  of  bodies  belong  espBciall;  a  Dumber  of 
etlwreal  oils,  oil  of  tnrpcntine,  oil  of  citron,  etc.  It  is.  however,  prolmUe  that  the 
rtaction  these  oils  prodace.  after  oxpoanre  to  the  air,  is  due  to  compounds  of  the  oils 
with  oxygen. 

Va*m, — Ozone  has  often  been  proposed  OS  a  bleaching  agent,  for  decoloriring 
stearin,  wax,  and  other  organic  substances,  which  either  cannot  stand  the  process  ^ 
bleaching  with  salphorons  acid  and  chlorine,  or  are  not  sufBciently  bleached  by  these 
aabstaiices.  However,  bleaching  with  ozonised  air  has  not  at  present  supplanted  the 
aatsial  bieaching  of  those  oi^nic  materials.  Ozone  has  also  been  proposed  for  disin- 
fsetioD ;  and  it  wonld  no  donbt  prove  very  suitable  for  this  purpose  if  it  could  be 
— •  eaaily  and  cheaply  obtained,  for  on  account  of  its  energetic  action  upon  Jr--' 


£r: 


■Buiie  nbataitmi^  it  is  to  be  presumed  that  it  would  destroy  the  organic  miasma  of 
bu  ^.  Wbethsc  ozone  might  be  employed  as  a  preserratjve  afninst  cholera,  and 
rt«tt«r  any  connection  exists  between  the  ozonic  contents  of  the  air  and  the  appear- 
~Haf  (hatditsMei  is  at  present  nr — '---- 
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some  degree  to  the  presence  of  solid  particles  of  carbon  originating  from  the  decompo- 
sition of  carbonaceous  vapours. 

Since  free  oxygen  is  ercrywhere  present  as  a  constituent  of  the  atmosphere  upon 
the  earth's  surface,  a  great  number  of  processes  of  oxidation  are  continually  going  on ; 
but  in  many  cases  the  oxidation  takes  place  so  slowly  that  no  development  of  heat  or 
light  can  be  perceived.  Thus  several  metallic  sulphides,  when  exposed  to  the  air,  are 
gradually  oxidised  to  sulphates ;  many  organic  substances  absorb  oxygen  from  the  air, 
and  by  combining  with  it  produce  other  compounds.  This  last  kind  of  oxidation  is 
called  slow  combustion,  in  opposition  to  that  rapid  combustion  which  is  accom- 
panied by  the  obvious  development  of  light  and  heat.  The  actual  amount  of  heat 
evolved  is,  however,  the  same,  whether  the  oxidation  of  a  substance  takes  place  slowly 
or  rapidly,  the  only  difference  being  in  the  intensity  of  the  effect  produced. 

Many  substances  which  oxidise  but  slowly  when  in  compact  masses  are  much  more 
readily  oxidised  when  they  are  in  a  state  of  minute  subdivision  and  there  is  relatively 
to  the  mass  a  very  much  larger  sur&ce  exposed  to  contact  with  atmospheric  air.  Thus, 
for  instance,  when  the  finely  divided  metallic  iron  obtained  by  the  action  of  hydrogen 
upon  powdered  ferric  oxide  at  a  red  heat  is  brought  into  contact  with  atmospheric  air, 
it  is  suddenly  oxidised  with  evolution  of  heat  and  light.  In  such  cases  oxidation  may 
also  be  promoted  to  some  extent  by  the  capability  which  most  porous  substances  possess 
of  absorbing  and  condensing  gases.  The  spontaneous  combustion  of  greasy  rags, 
cotton,  tow,  etc.,  when  heaped  up  in  a  confined  space,  is  due  to  the  accelerated  oxi£i- 
tion  of  the  feUty  substance  with  which  these  porous  materials  are  impregnated,  and  the 
consequent  heating  of  the  mass  to  a  temperature  at  which  rapid  combustion  takes  place. 

The  process  of  animal  respiration,  regarded  from  a  chemical  point  of  view,  is  a  case 
of  slow  combustion.  Animals,  by  the  operation  of  breathing,  supply  their  bodies  con- 
tinually with  oxygen  from  the  air;  the  oxygen  thus  inhaled  combines  with  the 
carbon  and  hydrogen  of  organic  substances,  and  is  again  exhaled  as  carbonic  acid  and 
water-vapour.  This  process  serves  especially  to  illustrate  the  fiict  that  in  slow  com- 
bustion heat  is  liberated,  for  it  is  by  this  means  that  the  supply  of  heat  necessary  for 
the  life  of  animals  is  generated.  The  liberation  of  heat,  nowever,  takes  place  very 
slowly,  and  therefore  it  is  not  so  easily  recognisable  as  in  cases  of  rapid  combustion. 


OZOITB. 

■istorj'. — The  fact  that  a  peculiar  alliaceous  odour  is  sometimes  communicated 
to  atmospheric  air  by  afiash  of  lightning  or  other  forms  of  electrical  discharge,  has  long 
been  known  and  frequently  observed  in  various  ways.  In  1 785  Van  Marum  found 
that  it  was  the  oxygen  of  the  atmosphere  which  acquired  this  odour.  In  1840 
Schonbein  specially  investigated  this  subject,  and  having  ascertained  that  the  peculiar 
smell  observed  in  the  proximity  of  the  electrical  machine,  and  other  electrical  appa- 
ratus, was  due  to  the  presence  of  a  peculiar  gas,  which  is  also  formed  when  water 
is  decomposed  by  electrolysis,  he  gave  the  name  of  ozone  to  the  substance  possessing 
this  character.  It  is  only  recently,  however,  that  the  researches  of  Andrews,  Soret, 
and  others  have  shown  that  ozone  is  an  allotropic  form  of  oxygen. 

Oeomrenoe* — Ozone  occurs  in  the  atmosphere  in  varying  proportions,  according 
to  locality  and  season,  and  it  is  probably  produced  chiefly  by  3ie  action  of  atmospheric 
electricity.  In  country  places  it  is  most  abundant,  but  does  not  amount  to  more  than 
ihi^nb^  I*^  ^  "weight,  or  ^j^th  part  by  volume  of  atmospheric  air.  The  amount 
18  greatest  in  spring  and  leaist  in  winter. 


. — Ozone  is  very  different  in  its  characters  fh>m  ordinary  oxygen. 
It  possesses  a  penetrating  smell,  acts  violently  upon  the  organs  of  respiration  like 
chlorine,  and  is  the  most  energetic  oxidising  agent  that  is  known.  While  oxygen  at 
the  ordinary  tempeniture  acts  directly  upon  only  a  few  substances,  almost  all  oxi- 
disable  substances  are  oxidised  upon  being  brought  into  contact  with  ozone.  The 
density  of  ozone  appears  to  be  1*5  times  that  of  oxygen :  it  is  less  soluble  than  oxygen 
in  water,  which  (fissolves  only  about  0*6  per  cent,  of  its  volume.  Ozone,  placed  in 
contact  with  potassium  iodide,  sets  the  iodine  free.  Upon  this  reaction  depends  a 
delicate  means  of  ascertaining  the  presence  of  ozone.  If  air  or  a  liquid  containing 
ozone  be  brought  into  contact  with  a  dilute  aqueous  solution  of  potassium  iodide,  to 
which  a  small  quantity  of  starch  paste  has  been  added,  the  liquid  is  coloured  blue  by 
the  liberated  iodine  combining  with  the  starch.  When  air  has  to  be  tested  for  ozone, 
it  is  more  convenient  to  make  use  of  a  strip  of  bibulous  paper  which  has  been  saturated 
with  a  solution  of  starch  containing  potassium  iodide.  But  since  iodine  is  similarly 
liberated  ^m  potassium  iodide  by  chlorine,  by  some  nitrogen  oxides,  and  other  sub- 
stances, this  test  cannot  be  relied  upon  implicitly. 
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The  inttrnments  tenned  ozonometers  consist  essentially  of  strips  of  paper  prepared 
in  the  iray  above  mentioned :  when  brought  into  air  containing  ozone,  they  would 
indicate  the  amount  of  ozone  contained  in  the  air  by  the  degree  of  intensity  of  the  blue 
coloration  produced.  Since  the  actual  quantity  of  ozone  corresponding  to  a  par- 
ticular degree  of  blue  coloration  is  not  known,  such  ozonometers  only  indicate  the 
relative  amounts  of  ozone  in  the  air.  The  possible  presence  of  nitrogen  oxides  in 
atmospheric  air  renders  the  indications  of  these  instruments  very  uncertain.  A  better 
test  consists  of  red  litmus  paper,  with  half  its  surface  impregnated  with  a  one  per 
cent,  solution  of  potassium  iodide.  The  portion  of  the  paper  thus  impregnated 
becomes  blue  by  contact  with  air  containing  ozone,  in  consequence  of  oxidation  and 
the  formation  of  potash.  The  unimpregnated  portion  of  the  paper  is  not  at  all  altered 
unless  the  air  contains  ammoniacal  vapours,  and  then  the  paper  becomes  blue  over  its 
entire  Bur&ce. 

Oxone  exerts  an  oxidising  action  upon  many  organic  substances,  destroying  some 
entirely,  oxidising  others  only  to  a  certain  extent.  Thus,  for  instance,  ozone  destroys 
the  colour  of  many  plants,  bleaching  them  entirely ;  but  tincture  of  guaiacum  is  only 
rendered  blue  by  Uiis  agent. 

If  osone  be  conducted  through  a  glass  tube  heated  to  redness,  it  is  decomposed,  the 
volume  of  the  gas  is  permanently  increased,  and  ordinary  oxygen  is  formed.  Ozone  is 
also  converted  into  ordinary  oxygen  at  a  temperature  of  250°  to  800°. 

Osone  acts  in  a  very  remarkable  manner  upon  certain  peroxides.  When  brought 
into  contact  with  barium  peroxide,  hydrogen  peroxide,  or  other  peroxides,  it  is  con- 
verted into  ordinary  oxygen,  while  the  peroxides  also  give  up  a  part  of  their  oxygen 
and  are  converted  into  lower  oxides. 


I. — Though  ozone  is  always  present  in  small  quantity  in  the  atmo- 
nhere,  still  it  cannot  be  obtained  from  that  source  in  such  a  concentrated  condition 
that  all  its  characteristic  properties  are  evident.  It  is  not,  in  fact,  possible  to  pre- 
pare pore  ozone,  and  what  is  called  ozone  is  only  air  or  oxygen  containing  some 
admixture  of  otsone. 

Osone  is  produced  in  every  case  where  electrical  discharges  take  place  in  the  air, 
as  in  the  pioauction  of  sparks  by  electrical  machines,  etc.  During  a  thunderstorm 
also  a  strong  odour  of  ozone  is  often  noticeable.  Ozone  is  formed,  moreover,  in  con- 
siderable amount  when  phosphorus,  partially  immersed  in  water,  is  exposed  to  the  air, 
and  when  dry  potassium  permanganate  is  decomposed  with  strong  sulphuric  add, 
also  in  the  combustion  of  hydrogen  in  the  air. 

Lastly,  there  are  many  substances  called  ozone  bearers,  which  exhibit  the  ozone 
reaction  with  potassium  iodide,  and  are  therefore  supposed  to  become  ozonised  upon 
prolonged  contact  with  the  air.  To  this  class  of  bodies  belong  especially  a  number  of 
ethereal  oils,  oil  of  turpentine,  oil  of  citron,  etc.  It  is,  however,  probable  that  the 
reaction  these  oils  produce,  after  exposure  to  the  air,  is  due  to  compounds  of  the  oils 
with  oxygen. 

1F!iMS> — Ozone  has  often  been  proposed  as  a  bleaching  agent,  for  decolorising 
stearin,  wax,  and  other  organic  sul^tances,  which  either  cannot  stand  the  process  of 
bleaching  with  sulphurous  acid  and  chlorine,  or  are  not  sufficiently  bleached  by  those 
substances.  However,  bleaching  with  ozonised  air  has  not  at  present  supplanted  the 
natoral  bleaching  of  those  organic  materials.  Ozone  has  also  been  proposed  for  disin- 
fection ;  and  it  would  no  doubt  prove  very  suitable  for  this  purpose  if  it  could  be 
more  easily  and  cheaply  obtained,  for  on  account  of  its  energetic  action  upon  most 
orgapic  substances,  it  is  to  be  presumed  that  it  would  destroy  the  organic  miasma  of 
bid  air.  Whether  ozone  might  be  employed  as  a  preservative  against  cholera,  and 
whether  any  connection  exists  between  tne  ozonic  contents  of  the  air  and  the  appear- 
ance of  Uiat  diseaae,  is  at  present  uncertain. 


HYDROGEN. 

Stmbol  H.    Atomic  Weight  1. 

■istory. — The  statements  of  the  older  chemists  as  to  the  properties  of  hy- 
drogen are  very  vague,  and  partly  inexact,  since  the  inflammable  gas  produced  by 
dissolving  metals  in  dilute  acids  was  confounded  with  other  inflammable  gases  of  a 
different  nature,  such  as  marsh  gas,  etc.  Cavendish  was  the  first  who  made  exact 
experiments  with  this  gas.  It  was  at  first  named  inflammable  air ;  afterwards  the  anti- 
phlogistic chemists  gave  it  the  name  hydrogen — from  IHwp  water,  and  y€ypd»  to  generate 
— ^for  the  purpose  of  indicating  that,  by  its  combination  with  oxygen,  it  produces 
water. 

Ooomrenoe. — Hydrogen  seldom  occurs  naturally  in  the  free  state,  and  only  in 
very  small  quantities,  as  in  volcanic  exhalations.  It  has  also  been  detected  in  the 
expired  gases  of  mammals.  It  occurs,  however,  very  abundantly  in  chemical  combi- 
nation ;  as  with  oxygen  in  the  form  of  water,  of  which  it  constitutes  one-ninth  part 
by  weight,  also  with  carbon  in  the  form  of  gas — known  as  marsh  gas — that  is  exhaled 
m)m  coal-pits ;  with  nitrogen  in  the  form  of  ammonia ;  with  sulphur  as  sulphuretted 
hydrogen ;  with  chlorine  as  hydrochloric  acid,  and  as  a  constituent  of  very  many  of 
the  substances  of  which  plants  and  i^niTn^lff  are  made  up. 

Cliaraeteni. — Hydrogen  is  an  elementary  substance  known  in  the  Anee  state 
only  as  a  gas  which  has  not  as  yet  been  condensed  by  the  greatest  cold  and  pressure 
combined.  It  is  without  colour,  taste,  or  smell ;  very  slightly  soluble  in  water,  and 
bums  with  a  pale  bluish  flame.  Hydrogen  is  the  lightest  substance  known.  Its 
specific  gravity,  air  being  taken  as  unity,  is  0069.  Under  normal  atmospheric 
pressure,  and  at  the  temperature  of  0°,  a  litre  of  hydrogen  weighs  only  0'0896 
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Fig.  4. 


Fig.  6. 
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ffram.  It  is  therefore  possible  to  decant  hydrogen  from  a  cylinder  (a)  filled  with  it 
into  another  cylinder  (b)  in  the  way  described  by  figs.  4  and  5.  As  soon  as  the 
cylinder  (a)  is  placed,  with  the  aperture  upwards,  vertically  under  the  cylinder  (b), 
all  the  hydrogen  will  rise  into  the  upper  cylinder,  as  may  be  shown  by  inserting  a 
burning  taper  into  b.  The  flame  of  the  taper  sots  fire  to  the  hydrogen  at  the  mouth 
of  the  cylinder,  where  the  gas  is  in  contact  with  the  air,  but  if  the  taper  is  raised 
further  up  the  cylinder,  into  the  pure  hydrogen,  the  fiame  is  at  once  extinguished. 
When  the  extinguished  taper  is  withdrawn,  it  is  again  lighted  at  the  mouth  of  Uie 
cylinder  by  the  burning  hydrogen  gas. 

This  experiment  proves  also  tibat  hydrogen  cannot  burn  without  a  supply  of 
oxygen  from  the  air  or  otherwise,  and  that  the  flame  of  burning  bodies  is  extinguished 
in  pure  hydrogen  gas. 

In  setting  fire  to  hydrogen  gas,  it  is  necessary  to  proceed  with  caution ;  for  if  the 


PREPABATION  OF  HYDROGEN. 

|u  bcromM  mixed  vitli  atnioaphi 
produced  whioh,  oa  contact  witiifl 
Y«a«la  in  which  it  ia  contAined. 

Vidpknttlan. — The  methodi  genenll;  nnpli^ed  for  obUintng  bTdn^ea  depend 
either  upon  the  decompoaition  of  water  by  aaj  eaalj  oxidiBHble  mstal,  or  Dpon  the 
bet  that  hydrogen  is  readily  iliiplnced  troia  Bome  of  iu  tallne  compouads.  Thiu 
hydrogen  can  be  prepared  by  pfisiiitig  ateam  oreF  iron  Slings  heat«d  to  redoMB  in 
■n  iron  tobe.  The  steam  ia  gooenited  in  a  glass  flask  with  a  delivery-tube  fltt«d  air- 
tight into  the  iton  tube.  At  the  other  end  of  the  iron  tube  ie  fitted  another  delirery- 
tube,  by  which  the  hjdiogen  is  collected  over  water  or  mercury. 

The  reaction  that  takea  place  ia  this  case  is  easy  to  ondentand  :  icon  at  a  high 
temperature  deprivea  water  of  its  oxygen,  and  thus,  becoming  oxidised  itself,  tSe 
hydrogen  is  litkeraled.  The  first  portion  of  gas  evolved  contains  the  air  with  which 
the  apparatus  was  originally  filled,  and  therefore  this  must  be  allowed  to 
«rdsr  to  obtain  pnre  hydrogen.  If 
the  hydrogen  gnu  be  desired  free 
from  moisture,  it  must  be  passed 
Ihtongh  tubes  filled  with  piflcee  of 
fused  oildum  chloride,  nod  then 
■r  meicnry.    Generally 


a  simpler  process  is   employed  ii 

the  laboistoiy.    Some  granulated 

line    is  placed  in   a  thrae-necked 

butile  (a,  Og.  7).  of  abont  a  litre 

capacity,    nearly   half-fllled    with 

water.     Id  one  tubnlDS  of  the  flask 

is  fltl«d  with  a  coll  a  funnel  tube 

(i)  reaching  to  the  bottom  of  the   - 

flajit;   in  the  other  tubulna  ia  fitted 

one  end  of  a  bent  dcliTeiy-tube 

(c),  the  other  end   dipping  into  a  p 

liquid  contained  in  the  trongh.      At 

with  water  is  placed   in  an   invertsd  position  on  a  shelf.      The  apparatus  being 

thus  arrmnged,  coneentrated  aulphuric  acid  is  poured  carefolly  in  small  quantities 

at  a  time  through  the  tube  (i),  when  a  brisk  eralntlon  of  gas  commences  at  once. 

This  flTolutiOD  of  gas  may  be  so  riolent  if  Coo  much  sulphuric  add  be  added  at  ooca 

that  the  liquid  in  a  overflowii.     By  a  regular  development  the    hydrogen  eaeapes 

through  the  deliTery-tube  (c)  and  is  collected  in  n.   In  this  case  also  Che  first  portion  of 

the  gas  oontains  the  air  which  originally  filled  the  apparatus,  and  it  muat  be  allowed 

to  e*c*pe.    Errn  then  the  hydrogen  obtained  by  the  action  of  zinc  upon  sulphuric 

arid  is  DeTCT  qait«  pure,  as  shown  by  the  nnpleasant  smell  of  the  gaa.  pure  hydrogen 

being  absolntely  inodorous.    This  smell  is  dna  to  odmiituros  of  Tarious  kinds,  espe- 

dally  hydrocarbons,  formed  &om  carbon  contained  in  the  linc^  also  to  the   pre- 

senca  of  aiMminretted   and  snlphurotted    hydrogen,    originating  (rom    arsenic   and 

Bulphur  in  the  sine,  and  from  arsenical  sulphuric  odd. 

Hydrogen  can  be  freed  from  these  impurities  by  passing  it  first  through  a  tuba 
filled  with  pieces  of  pumice-stone  saturated  with  concentrated  solution  of  caustic 
potash,  then  through  a  tube  containing  pumice-atone  saturated  with  solution  of  cor- 
rosiTS  sublimate.  The  impurities  are  retained  by  the  piitnih  and  corrosive  sublimate. 
If  the  purified  hydrogen  be  required  diy,  it  muat  then  bo  passed  through  a  tube  con- 
taining piee«s  of  fused  chloride  of  calcium,  or  pieces  of  pumice-stone  saturated  with 
cuKtiitrated  sulphuric  acid,  beforo  it  is  collected  far  use,  and  in  that  case  the  got 
Bast  af  coarse  be  either  collected  over  mercury  or  at  onco  conducted  into  tlie  appa- 
ntns  where  it  ia  to  be  used.  The  gasholder,  doscriboil  on  page  20,  ie  as  well  suited 
lor  hydroKSD  as  for  oxygen.  From  such  a  gasholder  the  gas  can  be  transferred  to 
flasks  and  cylinders  at  pleasure,  or  it  can  bo  passed  in  a  regular  stream  into  the  appa- 
ntos  where  it  is  to  be  used. 

Tba  proctss  which  takes  place  in  this  preparation  of  hydrogen  consiita  in  the 

sibstitDtion  of  li  nc  for  the  hydrogen  of  the  sulphuric  acid,  zinc  sulphate  being  thus 

ktwttd  and  hydrogen  set  free  in  Ue  state  of  gas,  according  to  the  following  equation: 

H^O,  +   Zn   -  ZoSO,   -1-   H, 

98        +   as   -      181      +    2 

IBS  163 

Ib  this  squBtion  no  account  is  taken  either  of  the  water,  which  must  be  added  in 
PHt  aueas,  in  order  that  the  aulphata  of  one  formed  may  be  dissolved,  or  of  the 
■MM  «l  mlphnrio  acid,  which  is  contained  Id  the  liquid  when  it  no  longer  evolrea 
Vjdwya  by  contact  with  sine. 


28  HTDEOGEK. 

Hydrogen  can  be  obtaiDed  more  nadil;  by  meani  of  bd  ftpp&rstoa  in  wtikb  tiie 
dsTelopment  of  gas  is  regulated  b;  the  quantity  coDBumed.  An  Hpparstna  of  the  kind 
is  repceaentcd  bj'  Be,  8.  a  is  a  glass  vessel  furnished  with  a  tuljulus  (i),  to  which  is 
filted  a  cock  (b).  "rtia  vessel  (a)  is  three  parts  filled  wilh  dilute  sulphuric  ncid  (1  :  fi). 
Into  ita  neck  a  Urge  globular  glass  vessel  (c),  with  a  long  tube  gradnallj  narrowing 
towstda  its  lower  extremity  and  reaching  nearlj  to  the  bottom,  is  fitted  air-^ghL  A 
thick  ring  of  aoc  (d)  is  futened  at  the  lower  end  of  c,  and  is  held  feet  b;  means  of 
a  cork  placed  at  iho  extramitj  of  the  tube. 

While  the  zinc  is  imiuorsed  in  tlio  acid,  hydrogen  is  dereloped,  and  collecting  in 
the  upper  port  of  the  vessel  (a)  presses  the  liquid  into  the 
globular  vessel  (c),  from  which  the  air  escapes  hj  the  neck, 
aa  the  aCopper  h  is  only  lightly  flUsd  Into  it. 

In  propKirtion  as  the  liquid  is  forced  ap  into  the  globe 
(c)  so  its  level  sinks  in  the  flBsk(A);  and  when  it  has  sunk 
to  about  t,  the  acid  being  no  longer  in  coatset  with  the 
line  cylinder  (if)  no  mora  hydrc^n  can  be  evolTod.  Then, 
if  the  cock  (b)  be  opened,  the  liquid,  which  was  driveQ  i^ 
into  c  by  the  pressure  of  the  evolved  hydrogen  gas, 
presses  out  the  gas  through  the  cock  (b).  In  proportion  as 
gas  escapes  tinm  b,  the  liquid  again  falls  &om  c  into  a, 
until  it  again  comes  into  eoatsct  with  the  line  oylindar(ii), 
and  continues  to  develop  gas  so  long  as  the  cock  is  allowed 
to  remain  open.  Bat  as  soon  as  the  cock  (a)  ie  eloaad  tha 
hydrogen  generated  presses  the  liquid  aoaw  into  the 
glass  globe  (c),  unUl  the  anid  is  out  of  contact  with  the 
zinc,  and  the  evolution  of  gas  ceases. 

For  the  preparation  of  hydrogen  on  a  large  scale — at, 

for  inatance,  in  the  tnanuiacture  of  aniline,  where  large 

qoantdties  of  nascent  hydrogen  are  required,  and  for  like 

parposes— crude  acetic  acid  and  old  iron  are  empWod 

Pio.  8.  with  advantage.    The  action  of  iron  upon  acetic  add  is 

entirely  anali^ona  to  the  action  of  zinc  upon  Bnlpbcrie 

acid  1  the  iron  displacing  the  hydrogen  of  the  acetic  acid,  and  farming  ferrous  acetate. 

In  like  manner  hydrogen  is  evolvol  when  zinc  or  iron  is  brought  into  contact  with 

■olntioDB  of  caustic  potuh  or  aoda. 

Vnea.— One  of  the  chief  purposes  to  which  hydrogen  gas  is  applied  is  the  cro- 
duction  of  an  extremely  high  tempBratnre  by  its  combustion  witb  oxygen.  The 
amonnt  of  heat  generated  in  the  combustion  of  hydrogen  gas,  vus.  33,881  heat  nnitt 
for  each  kilogram  of  hydrogen  burnt  (:^60,98S  British  heat  units  per  pound)  ex- 
ceeds that  produced  in  the  combustion  of  any  other  Bubstance,  and  when  the  combustion 
is  supported  by  oiygen  gas  the  flame  has  a  temperature  of  more  than  eoOO"  C. 

Oxyhydrogen  BUnopipe, — Jn  consequence  of  the  gaseous  condition  of  hydrogen  it  can 
be  convoniontly  burnt  so  as  to  produce  a  Bmall  flame  of  extremely  high  temperature. 
Sometimes  hydrogen  is,  for  this  purpose,  mixed  with  half  its  volnme  of  oij-gen,  and 
compressed  in  a  strong  iion  vessel  fumlBhed  with  a  tap  and  jet  by  which  the  mixod 
gases  can  be  allowed  to  escape  and  bum  as  required.  Mora  frequently,  however,  a 
jet  of  oxygon  is  mixed  with  twice  its  votnme  of  h^rogen  immediately  before  isening 
from  the  jet  where  the  mixed  gas  is  burnt.  A  piece  of  lime  broogbt  into  the  oxy- 
hydn^n  flame  is  heated  to  whiteness  and  yields  a  light  nearly  aa  bright  as  the  elec- 
tric li^t. 

This  intense  light  is  employed  in  the  iltuminatjon  of  microacopie  objects,  &nd  i 
called  the  DrtunmoDd  or  Oxyhydtogen  Ume  Light 

Ooebereine/i  Lamp. — When  a  jot  of  hydro^n  is  made  to  impinge  upon  a  ball  t 
^.nmr  ni-iini.Tn  fhi.  ^nmKiTTaiinn  f,f  tho  gHS  With  oxygcn  tokce  placB  at  the  otdinBi 
is  made  red  hot  bythe  heat  thus  generatod.  Fro 
nn  to  that  shown  in  fig.  8,  it  is  possible  to  direct 
jet  ofliydrogen  gas,  through  the  cock  (b),  upon  a  piece  of  spongy  platinum  (/),  faster 
to  the  holder  (jf)  by  moans  of  platinum  wire.  This  holder  has  at  ^  a  joint  by  wh 
the  spongy  platinum  may  bo  turned  aside  when  not  required  lobe  nsod.  If  the  apor 
platinoni  bo  brought  exactly  opposite  to  tho  cock  (b),  and  this  is  opened,  hy^ 
escapee,  and  coming  into  contact  with  the  spongy  platinum,  renders  it  red  hot  and  ti 

Aubigenoiu  addtring. — The  flame  of  a  jet  of  hydrogen  is  much  used  for  nn- 
the  edges  of  the  sheets  of  lead  with  which  vessels  are  made  tbr  ^le  purpose  of  I 
ing  acids.    JmnI*  made  in  this  way  are  more  durable  than  thosemade  with  sr 

The  wddering  af^aiatus  is  Gonstmcled  on  the  same  principle  as  that  repteaeab 
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fig.  8,  except  that  it  is  made  of  copper-plate  lined  internally  with  lead,  and  fitted 
with  arrangements  which  admit  of  the  easy  renewal  of  the  zinc,  the  removal  of  the 
sulphate  of  sine  formed,  and  the  replenishing  of  the  apparatus  with  fresh  sulphuric 
acid.  This  apparatus  gives  a  very  constant  flame,  which  can  be  used  with  advantage 
for  soldering  lead  in  the  manner  practised  in  constructing  sulphuric  acid  chambers. 

It  consistfl  essentially  of  three  parts,  a  gas-generator,  a  bellows,  and  a  jet.  In  fig.  9, 
A,  the  lower  compartment,  represents^the  vessel  for  generating  hydrogen  gas.  It  is 
made  of  sheet  copper  lined  with  lead.  Pieces  of  zinc  are  placed  upon  the  perforated 
bottom  (l)  through  a  side  door.  When  the  zinc  has  boon  thrown  in  this  door  is 
dosed  hermetically,  the  stopper  (d)  taken  out,  and  the  copper  reservoir  filled  with 
sulphuric  acid  diluted  with  eight  or  nine  times  its  volume  of  water.  The  union  of  the 
flexible  tube  {ag,  fig.  11)  is  then  connected  with  the  gas  generator  at  c,  fig.  9,  and  the 
tube  {g'  ^t  ng.  11)  with  the  bellows,  fig.  10,  at/.  Both  the  tubes  {g  g  and  ^^)  are 
connectea  together  by  means  of  the  copper  tube  (d'  cT),  fitted  with  another  piece 
of  flexible  tube  (cc),  terminating  in  the  blow  pipe  mouth-piece  (ba)  of  bronze,  or 
platinum.  When  this  apparatus  is  required  for  soldering  the  cocks  (/,  fig.  9,  and 
/,  fig.  11)  are  opened;  the  air  from  the  interior  of  the  apparatus  then  escapes 
through  them  in  proportion  as  the  sulphuric  acid  entering  through  o  h  ^fig.  9), 
rises  in  the  lower  division  of  the  gasholder.  When  the  level  of  the  sulphunc  acid 
in  this  lower  vessel  has  risen  higher  than  the  perforated  bottom  (k  l),  hydrogen 
gas  is  generated  and  passes  through  the  cock  (/)  and  the  tube  (Jb  a),  into  the  small 
wash  vessel  b,  containing  either  a  small  quantity  of  water  or  a  solution  of  caustic  soda 
for  the  retention  of  any  particles  of  sulphuric  acid  that  may  happen  to  bo  carried  over 
with  the  gas.  The  hydrogen  generator  having  been  in  operation  a  short  time,  a  work- 
man sets  the  bellows  in  motion  with  his  foot  by  means  of  the  pedal  (o).  This  causes 
the  two  ends  of  the  bellows  to  be  pressed  together  towards  their  centre,  and  the  air 
to  be  forced  out  through  the  tube  (/^,  fig.  11).  The  cocks  (/and  /)  must  be  so 
regulated  that  the  mixture  of  hydrogen  and  air  gives  a  finely-pointed  fiame.  So  long 
as  the  cocks  remain  open,  hydrogen  gas  continues  to  be  generated.  When  the 
soldezing  operation  is  finished  and  the  apparatus  is  no  longer  required,  the  cocks 
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(/,  fig.  9,  and/  fig.  11)  are  closed.  The  closing  of  these  cocks  puts  a  stop  to  the 
farther  development  of  gas,  since  the  pressure  exerted  by  gas  in  the  interior  of  the 
apparatus  causes  the  sulphuric  acid  to  rise  through  o  h  into  the  uppermost  vessel, 
leaving  the  zinc  out  of  contact  with  the  acid  ;  the  hydrogen  gas  consequently  ceases 
to  ba  evolved.  When  the  apparatus  is  again  required  for  use  it  is  only  necessary  to 
le-open  the  cocks  and  set  the  bellows  in  motion  as  above  described. 

When  the  sulphuric  acid  is  nearly  saturated  with  zinc  sulphate  it  is  drawn  off 
through  the  opening  at  e,  and  fresh  acid  poured  into  the  apparatus  at  d.  After  each 
fresh  re-charging  of  the  apparatus,  whether  it  be  with  acid  or  zinc,  air  finds  its  way 
into  the  interior  of  the  apparatus  and  forms  with  the  hydrogen  gas  an  explosive 
nixtnre.  On  this  account  it  is  necessary  after  each  re-chaiging  to  allow  the  gas  to 
iscai>e  for  a  few  minutes  from  the  mouth-piece  of  the  blowpipe  (<?a,  fig.  11),  before 
igniting  it,  dangerous  explosions  being  apt  to  occur  from  a  neglect  of  this  precaution. 

Air  BaUo(ma.^The  first  air  balloons  wero  raised  by  means  of  heated  air,  and  had  a 
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very  irregular  uncertain  motion,  owing  to  the  unequal  heating.  It  is  only  since  the 
gases  specifically  lighter  than  atmospheric  air  have  been  used  for  filling  balloons  that 
it  has  been  possible  to  secure  a  more  regular  motion. 

Hydrogen  was  »t  one  time  employed  for  this  purpose,  and  produced  by  the  action 
of  iron  upon  a  dilute  acid.  In  order  to  fill  a  balloon  of  500  cubic  metres  capacity  1,500 
kilograms  of  scrap-iron  are  required,  as  free  as  possible  from  oxide,  15,000  kilos  of 
water,  and  2,500  kilograms  of  sulphuric  acid.  As  a  by-product,  a  solution  is  ob- 
tained from  which,  by  means  of  evaporation,  crystallising,  and  drying,  about  7,500 
kilograms  of  green  vitriol  (ferrous  sulphate)  can  be  gained. 

Assuming  that  1  cubic  metre  of  hydrogen  weighs  89*6  grams,  and  1  cubic  metre  of 
atmospheric  air  weighs  1,293  grams,  the  rising  power  whi(£  a  cubic  metre  of  hydrogen 
exerts  is  equal  to  1203*4  grams.  If  the  total  difference  between  the  weight  of  the 
hydrogen  and  the  weight  of  the  same  volume  of  atmospheric  air  be  greater  than  the 
weight  of  the  covering  and  the  other  solid  parts  of  the  balloon,  the  balloon  rises,  and 
rises  the  quicker  the  greater  this  difference  is  in  proportion  to  the  weight  of  the 
covering,  etc. 

More  recently,  ordinary  illuminating  gas  made  from  coal  has  been  used  for  inflate 
ing  balloons,  but  since  this  gas  is  about  six  times  as  dense  as  hydrogen  gas,  the 
balloons  filled  with  it  must  be  much  larger.  Small  balloons  consisting  either  of 
goldbeaters'  skin  or  very  thin  caoutchouc,  either  globular,  oval,  or  in  the  shape  of  dif- 
ferent animals,  etc.,  can  l)o  filled  with  hydrogen  in  the  same  manner.  Such  small 
balloons  only  remain  a  nhort  time  suspended  in  the  air,  because  diffusion  takes 
place  through  the  membranes  or  the  caoutchouc  covering,  hydrogen  passing  out. 

Compounds. — ^Hydrogen  forms  a  number  of  important  compounds  with  other 
elementary  substances. 

There  are  two  compounds  of  hydrogen  and  oxygen,  the  monoxide,  or  water,  which 
is  in  many  respects  one  of  the  most  important  substances  in  nature,  and  the  dioxide 
or  peroxide,  which  contains  relatively  to  hydrogen  twice  as  much  oxygen  as  water. 

With  nitrogen  it  forms  ammonia  NH,,  and  with  phosphorus,  arsenic,  and  anti- 
mony the  analogous  compound  PH, ;  AsH, ;  SbH,.  "With  carbon  it  forms  a  great  number 
of  compounds  termed  hydrocarbons.  Several  of  the  compounds  of  hydrogen  with 
fluorine,  chlorine,  bromine,  iodine,  and  sulphur  correspond  in  their  chemical  relations 
to  the  hydrogen  salts  of  acid  oxides.  On  this  account  they  are  distinguished,  as  forming 
a  particular  class  of  acids,  by  the  term  hydroacids,  and  like  oxy acids  they  are 
largely  employed  for  various  purposes.  With  some  of  the  metals  hydrogen  K>rms 
compounds  termed  hydrides. 

But  though  hydrogen  is  a  constituent  of  so  many  compounds,  its  chemical  activity 
is  but  slight  under  ordinary  conditions  of  temperature,  and  it  combines  directly  only 
with  chlonne  and  oxygen.  For  its  combination  with  oxygen  a  considerable  elevation 
of  temperature  is  necessary,  but  when  the  union  of  the  two  gases  is  once  commenced, 
as  in  lighting  a  jet  of  hydrogen,  the  heat  genenitod  by  the  combination  determines 
its  continuation.  Hydrogen  combines  more  readily  with  chlorine,  and  when  a  mixture 
of  these  gases  is  exposed  to  direct  sunlight  they  combine  with  explosion.  Other 
compounds  of  hydrogen  with  elementary  substances  are  obtained  indirectly,  and  several 
of  them  that  are  of  especial  value  in  the  arts  will  be  described  in  the  following 
pages,  under  the  heads  of  the  particular  elementary  substances  they  contain. 


FOBMTTLA  Hfi.      MoLBCnULB    WsGHT    18. 

Bistoiy* — Thales  held  water  to  be  the  principle,  or  element,  from  which  all  other 
substances  were  formed,  and  still  later  water  was  regarded  as  an  elementary  substance, 
constituting  one  of  the  four  elements  of  Aristotle :  water,  fire,  air,  and  e^irth.  The 
opinion  that  water  could  be  converted  by  moans  of  heat  into  earthy  or  solid 
substances  was  also  long  prevalent.  Cavendish  first  demonstrated  the  fact  that  water 
consists  of  hydrogen  and  oxygen. 

OooQirence. — ^Water  occurs  naturally  in  the  solid,  the  liquid,  and  the  gaseous 
conditions.  In  the  solid  condition  water  is  known  as  ice,  snow,  or  hail ;  in  the  liquid 
condition  water  occurs  as  sea,  river,  spring,  mineral,  and  rain  water,  etc. ;  and  besides 
the  absolute  gaseous  condition  of  water,  it  occurs  in  the  form  of  steam,  a  peculiar 
intermediate  stage  between  the  gaseous  and  the  liquid  conditions. 

Atmospheric  air  always  contains  at  the  ordinary  temperature  a  considerable  quan- 
tity of  water  vapour  or  gaseous  water.  The  amount  varies  according  to  the  tempera- 
ture and  the  direcUon  of  the  wind.    On  the  average,  it  may  be  assumed  that  the  air 
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eootains  0*8  per  cent,  by  weight  of  water.  This  water  is  a  very  necessary  constituent 
of  the  air,  for  neither  animals  nor  plants  are  able  to  liye  in  absolutely  dry  air.  By 
reduction  of  the  temperature  of  the  atmosphere  the  water  vapour  is  condensed  and 
receives  then  the  appellations  cloud,  fog,  rain,  snow,  hail,  and  ht)st. 

Water  also  exists  in  vast  quantity,  chemically  combined  in  mineral  substances,  as 
water  of  hydration  or  of  crystallisation.  It  constitutes  a  large  part  of  the  mass  of  all 
organic  structures.  The  soft  organs  of  animals  contain  generally  more  than  three- 
fourths  of  their  weight  of  water ;  the  young  parts  of  plants  from  80  to  90  per  cent. ; 
indeed,  there  are  plants  which  contain  as  much  as  95  per  cent,  of  water.  The  tliickest 
trunks  of  large  trees  at  the  time  of  felling  always  contain  as  much  as  45  to  55  per 
cent,  of  water. 

Compoflttloiit — Water  is  a  compound  of  hydrogen  with  eight  times  its  weight 
of  oxygen,  the  volume  of  the  oxygen  in  the  free  state  being  half  that  of  the  hydrogen. 
The  relation  by  volume  of  the  constituents  of  water  can  easily  be  proved  either  by 
exploding  in  a  suitable  vessel  a  mixture  of  hydrogen  with  half  its  volume  of  oxygen, 
whereupon  all  the  gas  disappears  and  water  alone  is  formed,  or  by  decomposing 
water  electrolytically  and  collecting  the  gases  evolved.  In  this  latter  process  the 
volume  of  the  hydrogen  evolved  is  exactly  double  that  of  the  oxygen. 

Cliaraoters. — In  a  chemically  pure  condition  water  is  colourless ;  it  is  only  in 
thick  masses  that  it  appears  of  a  €aint  greenish-blue  colour.  It  is  odourless  and  taste- 
less ;  it  attains  its  greatest  density  at  a  temperature  of  +  A°  C,  and  forms  in  this  respect 
an  exception  to  the  general  rule  that  liquids  become  denser  as  the  temperature  is 
reduced,  until  they  assume  the  solid  state.  Cooled  to  0^  C,  water  congeals  to  ice. 
From  the  moment  when  a  few  crystals  of  ice  are  formed,  the  temperature  of  the  still 
liquid  water  does  not,  in  spite  of  strong  refrigeration,  sink  any  further,  until  the  last 
drop  of  liquid  water  is  converted  into  ice.  On  the  other  hand,  though  heat  be 
applied  to  water  in  which  solid  ice  is  immersed,  its  temperature  does  not  rise  above  0° 
until  the  last  particle  of  ice  is  melted.  Under  certain  conditions  it  is  possible  to 
retain  water  in  the  liquid  state  at  a  temperature  below  the  freezing  point.  If  kept 
perfectly  at  rest,  and  cooled  slowly  down  to  a  temperature  below  0**,  it  sometimes 
remains  liquid  even  at— 12°  C.  So  soon,  however,  as  water  thus  cooled  is  set  in  motion, 
it  congeals  suddenly  throughout  its  entire  mass  to  a  lump  of  ice. 

The  fact  above  mentioned,  that  water  has  its  greatest  density  at  +  4°  C,  and  that 
consequently  in  becoming  ice  it  agiun  expands,  is  one  of  the  highest  importance  as 
regards  the  upper  stratum  of  the  earth's  crust.  The  disintegration  of  rocks  is  due  in 
part  to  this  property  of  water,  for  since  water  penetrates  into  their  pores  and  crevices 
as  into  a  sponge,  its  expansion  upon  becoming  ice  is  sufficient  to  disintegrate  the 
most  compact  rocks.  So  long  as  the  ice  thus  formed  continues  to  serve  as  a  con- 
necting material,  these  fragments  are  held  together  by  it,  but  upon  the  setting  in  of 
a  thaw,  the  ice  melts  and  the  rocks  fall  to  pieces. 

On  account  of  the  great  force  with  which  water  expands  in  its  transition  to  ice, 
vessels,  made  of  a  britBe  material,  when  left  in  the  cold  filled  with  water,  are  liable 
to  be  burst  by  the  formation  of  ice  within  them. 

As  ice  occupies  a  greater  space  than  an  equal  weight  of  water  at  0^,  it  follows  that 
ice  is  specifically  lighter  than  water.  The  fact  that  ice  floats  upon  water  is  certainly 
one  of  great  importance.  If  ice  were  heavier  than  water,  it  would  sink  to  the  bottom  from 
the  tf^iice  of  brooks,  rivers,  seas,  etc.,  upon  which  it  was  formed  by  the  cold  of 
winter,  a  new  ice  crust  would  bo  formed,  which  would  also  sink  to  the  bottom,  and  so 
on,  in  consequence  of  which  the  brooks,  rivers,  seas,  etc.,  would  very  rapidly  freeze 
up.  But  since  ice  is  lighter  than  water,  it  forms  a  sheltering  cover  for  the  water 
underneath  it. 

The  form  of  ice  crj-stals  is  difficult  to  ascertain,  as  such  crystals  are  generally  im- 
perfectly formed.  The  best  way  of  observing  that  ice  crystals  are  six-sided  prisms  is 
the  examination  of  the  arborescence  which  forms  on  winuow-panes  in  winter. 

Water  boils  at  a  temperature  of  100°  C.  under  the  normal  atmospheric  pressure,  equal 
to  a  column  of  mercury  760  mm.  in  height,  and,  with  the  phenomenon  of  bubbling,  it  is 
ooDverted  into  the  gaseous  condition.  The  temperature  at  which  water  boils  is  lower 
in  proportion  as  the  pressure  exerted  upon  its  surface  is  reduced.  Therefore,  since 
the  pressure  of  the  atmosphere  is  less  upon  the  top  of  high  mounUiins  than  in  valleys 
or  at  low  levels,  water  boils  at  a  much  lower  temperature  at  considerable  elevations. 
Upon  the  top  of  Mont  Blanc,  for  instance,  where  the  atmospheric  pressure  is  only 
equal  to  a  column  of  mercury  423*7  mm.  high,  water  boils  at  a  temperature  of  84*4°  0.  In 
t  vacuum  it  boils  at  0°.  Owing  to  the  tension  of  water  vapour,  water  assumes  the 
gsseous  state  at  a  temperature  below  its  boiling  point,  and  the  vapour  diffuses  into 
^sces  filled  with  other  gases  that  are  indiffiirent  to  it.  This  tension  is  the  cause  of 
wtter  being  always  present  in  the  atmosphere  in  the  form  of  gas  or  vapour.    The 
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evaporation  of  imter  is  more  considerable  the  greater  the  sorface  exposed,  and  the 
higher  the  temperature  of  the  water  and  of  the  surrounding  air.  Thus  cold  air  saturated 
with  water  vapour  is  capable  of  absorbing  a  fresh  quantity  wbcn  warmed,  and  on  the 
other  hand  warm  air  saturated  with  water  deposits  the  water  in  the  liquid  state  when 
cooled.  Hence  it  is  that  cold  objects  become  covered  with  moisture  when  brought  into 
contact  with  warm  air — ^as,  for  instance,  the  glasses  of  spectacles  when  a  person 
enters  a  warm  room,  or  the  window-panes  of  heated  rooms. 

Certain  solid  and  liquid  substances,  such  as  calcium  chloride  or  magnesium  chlo- 
ride, dry  potassium  carbonate,  concentrated  sulphuric  acid,  etc.,  possess  the  property  of 
withdrawing  water  from  moist  air,  while  at  the  same  time  they  dissolve  in  the  water 
thus  attracted.  These  substances  are,  therefore,  termed  deliquescent.  Other  sub- 
stances, on  the  contrary,  which  upon  crystallising  have  taken  up  much  water — e.g, 
sodium  sulphate,  carbonate  or  phosphate — give  up  a  portion  of  their  water  when 
exposed  to  the  air,  losing  their  crystalline  form  and  falling  to  powder.  These  are 
caUed  efflorescent  substances.  Manv  solid  substances  also  attract  moisture  from 
the  air  without  dissolving  and  are  for  this  reason  termed  hygroscopic.  Organised 
substances,  such  as  wool,  hair,  etc.,  and  many  pulverulent  substances,  present  this 
character  in  a  marked  degree. 

Water  is  a  general  solvent.  As  a  rule,  it  dissolves  a  given  substance  in  greater 
proportion  the  higher  its  temperature  is.  Still  there  are  exceptions  to  this  rule — as, 
for  instance,  Glaubor*s  salt,  the  solubility  of  which  in  water  increases  only  to  a  defi- 
nite degree  of  temperature,  and  upon  further  elevation  of  the  temperature  decreases. 
In  consequence  of  the  solubility  of  most  substances  in  water  being  greater  the  higher 
the  temperature  is,  hot  saturated  solutions  deposit  upon  cooling  a  portion  of  the  sub- 
stances dissolved,  for  water  at  a  low  temperature  is  not  capable  of  dissolving  the 
same  quantity  of  a  salt  as  water  of  a  higher  temperature,  and,  as  a  rule,  the  sub- 
stances deposited  in  this  way  assume  the  crystalline  form. 

Water  dissolves,  or,  as  it  is  generally  expressed,  absorbs,  less  of  a  particular  gaseous 
substance  the  higher  its  temperature  is.  In  like  manner,  water  absorbs  less  of  a  gas 
the  smaller  the  pressure  is  with  which  the  gas  presses  upon  the  surface  of  the  water. 

Watund  Water. — Water,  as  it  occurs  naturally,  is  never  chemically  pure,  on 
account  of  its  great  solvent  power;  and  since  it  is  always  in  contact  with  other  sub- 
stances, which  it  dissolves ;  even  the  potable  water  of  springs,  wells,  reservoirs,  or 
brooks,  always  contains  in  solution  varying  amounts  of  foreign  substances.  These 
consist  of  oxygen,  nitrogen,  and  carbonic  acid  gases ;  alkaline  and  earthy  salts,  chiefly 
carbonates  and  sulphates,  and  chlorides  of  potassium,  sodium,  and  magnesium,  to- 
gether with  traces  of  organic  substances  and  silicic  acid. 

Rain  or  snow  water,  as  it  falls,  is  generally  contaminated  only  with  the  gasas 
contained  in  the  atmosphere.  Only  that  water  which  falls  when  it  first  begins  to  rain 
contains  the  dust  always  to  be  found  in  the  air* that  is  in  motion. 

This  rain  or  snow  water  is  in  part  retained  in  the  earth  by  its  porosity,  con- 
veying to  the  roots  of  plants  the  constituenta  of  the  soil  necessary  for  their  nourish- 
ment ;  another  part  penetrates  deeper  into  the  earth,  saturating  itself  with  the  soluble 
constituents  of  the  earth's  crust  through  which  it  passes,  and  then  collects  again  in  the 
form  of  streams  and  rivers,  along  the  course  of  which  it  fiows  into  the  sea.  Here, 
and  partly  also  from  the  moist  surface  of  the  land,  it  is  evaporated  by  means  of  the 
heat  of  ^e  earth  and  the  sun,  and  the  evaporated  water,  on  reaching  high  cold 
regions  of  the  atmosphere,  is  again  condensed,  and  &lls  once  more  in  the  form  of  rain, 
etc.,  upon  the  earth. 

Well  water  is  water  which  accumulates  above  an  impermeable  stratum,  generally 
of  clay  at  little  depth  below  the  surfiice.  Such  water  is  termed  hard  when  it  contains 
in  solution  large  amounts  of  calcium  carbonate  or  sulphate.  Calcium  carbonate  is 
retained  in  solution  by  means  of  carbonic  acid,  for  it  is  dissolved  in  &r  larger  pro- 

S>rtion  by  water  containing  free  carbonic  acid  tjian  by  water  free  from  that  substance. 
\  however,  water  of  this  kind  be  boiled,  the  solvent  agent,  the  carbonic  acid,  is 
expelled  in  the  form  of  gas,  and  carbonate  of  lime  is  then  precipitated  in  the  solid 
state,  the  water  becoming  turbid.  In  like  manner,  on  evaporating  water,  all  other 
salts  dissolved  in  it  are  deposited,  and  the  more  readily  tne  less  soluble  they  are, 
forming  the  scale  of  boilers. 

Spring  water  is  essentially  the  same  as  well  water,  only  that,  by  flowing  along 
steep  impermeable  mountain  strata,  it  finds  an  outlet  for  itself  where  these  strata 
crop  out  at  lower  points  of  the  earth's  surface,  and  thus  appears  in  the  form  of 
springs. 

The  various  kinds  of  mineral  water  aro  spring  water,  holding  in  solution  sub- 
stances to  which  their  especial  medicinal  properties  aro  due.  Thus,  sulphurotted  water 
contains  sulphuretted  hydrogen ;  acidulous  water  contains  much  carbonic  add ;  and 
bitter  water  contains  magnesium  sulphate,  sodium  sulphate,  etc. 
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There  are  besides  these  some  kinds  of  mineral  water  the  action  of  which  is  due  to 
the  temperature  at  which  they  issue  from  the  earth.  The  water  of  the  hot  springs  at 
Carbbad  has  a  temperature  of  74°,  that  of  the  springs  of  Baden-Baden  71  i°,  those  of 
Wiesbaden  of  70**,  those  of  Teplite  49^**,  and  those  of  Vichy  of  45i*». 

River  water  is  generally  soft,  though  originating  from  spring  water — i.e.  it  does 
not  contain  in  solution  any  large  amount  of  calcareous  salts.  This  is  owing  to  the  fact 
that  spring  water,  by  long  contact  with  the  atmosphere,  loses  the  greater  portion  of  its 
carbonic  acid,  and  consequently  deposits  its  calcium  carbonate  together  with  traces  of 
eakium  sulphate.  Par  the  same  reason  river  water  tastes  insipid  as  compared  with 
the  fresh-tasting  well  or  spring  water,  which  still  contains  carbonic  acid. 

Sea  water  differs  from  ordinary  potable  water  in  the  large  proportion  of  saline 
fubstances  contained  in  it.  It  contains  over  3^  per  cent,  of  salts  in  solution,  amongiBt 
which  common  salt  preponderates. 

The  arerage  composition  of  sea  water  is  as  follows : 

Water 96-470 

Sodixmi  chloride  fcommon  salt) 2700* 

Potassium  chloride 0*020 

Hagnesium  chloride 0*360 

Calcium  sulphate  (gypsum) 0*140 

Magnesium  sulphate 0*240 


Potassium  sulphate 

Calcium  and  magnesium  carbonates 

Bromine  and  iodine  compounds,  together  with  organic  j* 

substances \ 

Carbonic  add  and  yolatilisable  organic  substances  . 


0006 
0-004 

0*011 

0-050J 


-  3-630 
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The  compodtian  of  sea  water  is  not  everywhere  the  same.  The  water  of  the 
Mediterranean  Sea,  for  instance,  contains  less  magnesian  salts  than  the  water  of  the 
ocean,  and  at  great  depths  sea  water  is  salter  than  near  the  surface. 

In  the  Bead  Sea,  the  amount  of  salt  varies  considerably  according  to  the  depth. 

In  the  following  table  are  given  the  results  of  analyses  by  Terreil.  In  the  first 
column  the  constituents  of  the  water  at  the  sur&ce  of  the  Dead  Sea  are  given,  in  the 
second  the  constituents  of  the  same  water  at  a  depth  of  1,000  feet. 


1,000  ports  of  water  coatain 


Chlorine 

Bromine 

Sulphuric  add  . 

Carbonic  add 

Sulphuretted  hydrogen 

Iffi^gniMnqm  ........ 

Oaldum 

So£um 

Potasdum 

Ammonia,  alumina,  oxide  of  iron,  organic  substances . 
Shcon 

Residue  directly  determined 

Water 


Minimum 
attbesuifaoo 


17-628 
0-167 
0*202 
traces 
traces 
4-197 
2-160 
0*886 
0-474 
traces 
0-006 


26-709 


27-078 
972-922 


^^ftxfm"ni 

at  the  depth  of 

1,000  feet 


174*985 

7-093 

0-623 

traces 

traces 

41*428. 

17*269 

14*300 

4-386 

traces 

traces 


269-984 


278-136 
721-866 


It  is  evident  from  this  that  at  a  depth  of  1,000  feet  most  salts  in  the  water  of 
the  Dead  Sea  are  contained  in  solution  in  a  ten  times  greater  amount  than  at  the 
surface. 

The  large  quantities  of  bromine  and  of  potasdum  salts  contained  in  the  water  of 
the  Dead  Sea  admit  of  the  probability  of  the  Dead  Sea  bdng  worked  at  some  future 
period  for  those  substances. 

Saks  of  esldum  and  magnedum  in  water  communicate  to  it  the  power  of  forming 
aa  iosduble  card  with  soap,  and  render  the  water  hard ;  the  ^:reater  the  amount  cj 
tWs  ■nbsTiiw,  the  haxder  is  the  water. 

P 
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When  the  saline  substances  are  present  only  in  moderate  proportion,  as  in  river 
water,  their  presence  is  not  objectionable  for  most  of  the  purposes  to  which  water  is 
applied ;  indeed  these  substances  render  water  more  pleasant  to  drink,  and  perhaps 
they  may  in  some  degree  contribute  to  nutrition. 

In  household  economy  and  for  manu&cturing  purposes  the  water  most  often  used 
is  spring,  well,  or  river  water ;  in  dry  countries,  rain  water  is  collected  in  tanks. 

An  idea  of  the  characters  of  natural  water  in  this  respect  is  given  by  the  accom- 
panying table  of  analyses. 

In  judging  of  the  quality  of  water,  account  is  to  be  taken  of  its  hardness,  its  tem- 
perature, and  its  purity.  It  is  also  of  importance  to  determine  whether  the  hardness 
18  due  to  earthy  carbonates  or  to  the  corresponding  sulphates  and  chlorides.  In  the 
former  case,  if  the  water  be  allowed  to  remain  for  a  short  time  with  a  considerable 
surface  exposed  to  the  air,  the  greater  part  of  the  calcium  and  magnesium  carbonates 
are  gradually  deposited,  owing  to  the^  scape  of  the  carbonic  acid  which  determined 
their  solution  by  the  water,  and  thus  the  water  becomes  softer.  Such  water  is  also 
rendered  soft  by  boiling.  On  the  contrary,  if  calcium  and  magnesium  are  present  in 
the  state  of  sulphates  or  chlorides,  the  water  remains  hard  after  exposure  to  the  air,  as 
well  as  after  boiling.  Hence  it  is  easy  to  understand  the  reason  why  many  kinds 
of  spring  water  which  are  very  hard  when  first  escaping  from  the  earth,  afterwards 
become  soft  when  they  have  flowed  for  a  certain  distance  down  a  brook  or  river.  In 
such  cases  the  carbonic  acid  escapes,  and  consequently  the  carbonates  which  caused 
the  hardness  of  the  water  are  deposited  in  the  form  of  mud. 

Good  potable  water  should  be  clear,  colourless,  cool,  and  clean — i,e,  it  should  be  free 
from  mechanically  suspended  impurities,  such  as  clay,  organic  substances,  etc ;  it 
should  contain  in  solution  small  amounts  of  the  acid  calcium  carbonate,  common  salt, 
with  nitrogen  and  oxygen  gases,  and  especially  carbonic  acid.  The  presence  of  other 
compounds  of  calcium  and  magnesium  than  the  carbonates  is  detrimental  in  propor- 
tion to  the  amount  of  those  substances. 

Good  potable  water  may  contain  in  100,000  parts  from  10  to  80  parts  of  solid 
contents  toat  remain  behind  when  the  water  is  evaporated,  and  one  half  of  the  solid 
contents  may  consist  of  calcium  carbonate.  If  water  contains  lees  than  10  parts  of 
solid  contents  per  100,000,  it  is  too  soft,  and  is  less  suitable  as  potable  water  than 
water  that  is  richer  in  salts.  For  this  reason,  rain  water  is  not  good  for  drinking. 
As  regards  the  aeration  of  potable  water,  it  ought  to  contain  by  measure  about  0*8  per 
cent,  of  oxygen,  1*7  per  cent,  of  nitrogen,  and  besides  these  gases  a  considerable  quan- 
tity of  carbonic  acid. 

For  industrial  purposes  soft  water  is  generally  preferable.  For  certain  purposes, 
however,  such  as  the  dyeing  of  some  colours,  hard  water  is  more  suitable.  For  other 
purposes,  it  is  a  matter  of  indifference  whether  water  be  hard  or  soft.  For  cooling 
purposes,  that  water  would  be  chosen  which  indicated  the  lowest  temperature.  Hard 
water  is  not  at  all  suitable  for  steam  boilers,  on  account  of  the  formation  of  scale  by 
the  deposition  of  its  solid  contents  in  the  boiler.  In  this  respect  also,  the  state  of  com- 
bination in  which  the  calcium  exists  is  a  matter  of  great  moment :  calcium  carbonate 
and  calcium  chloride  are  comparatively  harmless,  the  latter  being  very  soluble,  and 
the  former  producing  a  scale  of  a  loose  nature  which  is  easily  removed,  while  calcium 
sulphate  (gypsum)  gives  rise  to  a  very  hard  and  adhesive  scale,  and  when  present  in 
any  considerable  quantity  in  water  renders  it  utterly  useless  for  steam  boilers  unless 
it  18  submitted  to  a  process  of  purification  beforehand. 

PmilloAtlon. — In  many  cases  it  is  necessary  to  adopt  some  means  of  separating 
impurities  from  natural  water,  to  render  it  suitable  for  use. 

A  very  efi^ient  method  of  preventing  this  objectionable  action  of  gypsum  consists 
in  the  addition  of  sodium  carbonate  (common  soda),  which  converts  the  gypsum  into 
calcium  carbonate,  that  is  deposited  in  the  state  of  mud  and  not  as  a  hard  scale ;  for 
every  degree  of  hardness  of  water  rich  in  gypsum,  about  5  parts  of  soda  crystals,  or 
2  parts  of  calcined  soda,  are  added  to  each  100,000  parts  of  water.  Barium  chloride 
has  also  been  proposed  for  the  decomposition  of  gypsum,  and  by  its  use  water  very 
suitable  for  steam  boilers  can  be  obtained.  But  at  present  this  salt  is  too  dear  for  the 
purpose.  Sal-ammoniac  would  be  applicable  for  preventing  the  formation  of  scale  by 
water  containing  gypsum,  were  it  not  that  the  steam  might  become  ammoniacal,  and 
then  act  injuriously  upon  the  working  parts  of  the  steam  engine.  Substances  contain- 
ing tannin  have  been  found  very  serviceable  for  this  purpose,  and  have  lately  been 
much  used.    Decoction  of  oak  bark  has  been  used,  and  more  recently  catechu. 

If  it  be  desired  to  get  rid  of  the  hardness  of  water  for  washing,  all  the  calcium 
salts  held  in  solution  must  be  precipitated.  This  is  most  easily  effected  by  the  use  of 
common  soda,  whereby  all  the  calcium  is  precipitated  as  carbonate. 

Filtration. — Muddy  water  can  be  easily  rendered  dear  by  filtration.    In  places 
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When  the  saline  substances  are  present  only  in  moderate  proportion,  as  in  river 
water,  their  presence  is  not  objectionable  for  most  of  the  purposes  to  which  water  is 
applied ;  indeed  these  substances  render  water  more  pleasant  to  drink,  and  perhaps 
they  may  in  some  degree  contribute  to  nutrition. 

In  household  economy  and  for  manu&cturing  purposes  the  water  most  often  used 
18  sprinff,  well,  or  river  water ;  in  dry  countries,  rain  water  is  collected  in  tanks. 

An  idea  of  the  characters  of  natural  water  in  this  respect  is  given  by  the  accom- 
panying table  of  analyses. 

In  judging  of  the  quality  of  water,  account  is  to  be  taken  of  its  hardness,  its  tem- 
perature, and  its  purity.  It  is  also  of  importance  to  determine  whether  the  hardness 
IS  due  to  earthy  carbonates  or  to  the  corresponding  sulphates  and  chlorides.  In  the 
former  case,  if  the  water  be  allowed  to  remain  for  a  short  time  with  a  considerable 
surface  exposed  to  the  air,  the  greater  part  of  the  calcium  and  magnesium  carbonates 
are  gradually  deposited,  owing  to  the'  scape  of  the  carbonic  acid  which  determined 
their  solution  by  the  water,  and  thus  the  water  becomes  softer.  Such  water  is  also 
rendered  soft  by  boiling.  On  the  contrary,  if  calcium  and  magnesium  are  present  in 
the  state  of  sulphates  or  chlorides,  the  water  remains  hard  after  exposure  to  the  air,  as 
well  as  after  boiling.  Hence  it  is  easy  to  understand  the  reason  why  many  kinds 
of  spring  water  which  are  very  hard  when  first  escaping  from  the  earth,  afterwards 
become  soft  when  they  have  flowed  for  a  certain  distance  down  a  brook  or  river.  In 
such  cases  the  carbonic  acid  escapes,  and  consequently  the  carbonates  which  caused 
the  hardness  of  the  water  are  deposited  in  the  form  of  mud. 

Good  potable  water  should  be  clear,  colourless,  cool,  and  clean — i.e.  it  should  be  free 
from  mechanically  suspended  impurities,  such  as  clay,  organic  substances,  etc ;  it 
should  contain  in  solution  small  amounts  of  the  acid  calcium  carbonate,  common  salt, 
with  nitrogen  and  oxygen  gases,  and  especially  carbonic  add.  The  presence  of  other 
compounds  of  calcium  and  magnesium  than  the  carbonates  is  detrimental  in  propor- 
tion to  the  amount  of  those  substances. 

Good  potable  water  may  contain  in  100,000  parts  from  10  to  30  parts  of  solid 
contents  toat  remain  behind  when  the  water  is  evaporated,  and  one  half  of  the  solid 
contents  may  consist  of  calcium  carbonate.  If  water  contains  less  than  10  parts  of 
solid  contents  per  100,000,  it  is  too  soft,  and  is  less  suitable  as  potable  water  than 
water  that  is  richer  in  salts.  For  this  reason,  rain  water  is  not  good  for  drinking. 
As  regards  the  aeration  of  potable  water,  it  ought  to  contain  by  measure  about  0*8  per 
cent,  of  oxygen,  1*7  per  cent,  of  nitrogen,  and  besides  these  gases  a  considerable  quan- 
tity of  carbonic  acid. 

For  industrial  purposes  soft  water  is  generally  preferable.  For  certain  purposes, 
however,  such  as  the  dyeing  of  some  colours,  hard  water  is  more  suitable.  For  other 
purposes,  it  is  a  matter  of  indifference  whether  water  be  hard  or  soft.  For  cooling 
purposes,  that  water  would  be  chosen  which  indicated  the  lowest  temperature.  Hard 
water  is  not  at  all  suitable  for  steam  boilers,  on  account  of  the  formation  of  scale  by 
the  deposition  of  its  solid  contents  in  the  boiler.  In  this  respect  also,  the  state  of  com- 
bination in  which  the  calcium  exists  is  a  matter  of  great  moment :  calcium  carbonate 
and  calcium  chloride  are  comparatively  harmless,  the  latter  being  very  soluble,  and 
the  former  producing  a  scale  of  a  loose  nature  which  is  easily  removed,  while  calcium 
salphate  (gypsum)  gives  rise  to  a  very  hard  and  adhesive  scale,  and  when  present  in 
any  considerable  quantity  in  water  renders  it  utterly  useless  for  steam  boilers  unless 
it  18  submitted  to  a  process  of  purification  beforehand. 

PmilloAtloii. — In  many  cases  it  is  necessary  to  adopt  some  means  of  separating 
impurities  from  natural  water,  to  render  it  suitable  for  use. 

A  very  efi^ient  method  of  preventing  this  objectionable  action  of  gypsum  consists 
in  the  addition  of  sodium  carbonate  (common  soda),  which  converts  the  gypsum  into 
calcium  carbonate,  that  is  deposited  in  the  state  of  mud  and  not  as  a  hard  scale ;  for 
every  degree  of  hardness  of  water  rich  in  gypsum,  about  5  parts  of  soda  crystals,  or 
2  parts  of  calcined  soda,  are  added  to  each  100,000  parts  of  water.  Barium  chloride 
has  also  been  proposed  for  the  decomposition  of  gypsum,  and  by  its  use  water  very 
suitable  for  steam  boilers  can  be  obtained.  But  at  present  this  salt  is  too  dear  for  the 
purpose.  Sal-ammoniac  would  be  applicable  for  preventing  the  formation  of  scale  by 
water  containing  gypsum,  were  it  not  that  the  steam  might  become  ammoniacal,  and 
then  act  injuriously  upon  the  working  parts  of  the  steam  engine.  Substances  contain- 
ing tannin  have  been  found  very  serviceable  for  this  purpose,  and  have  lately  been 
much  used.    Decoction  of  oak  bark  has  been  used,  and  more  recently  catechu. 

If  it  be  desired  to  get  rid  of  the  hardness  of  water  for  washing,  all  the  calcium 
salts  held  in  solution  must  be  precipitated.  This  is  most  easily  effected  by  the  use  of 
common  soda,  whereby  all  the  calcium  is  precipitated  as  carbonate. 

FiLTBATioK. — Muddy  water  can  be  easily  rendered  dear  by  filtration.    In  places 
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34  HYDROGEN. 

When  the  saline  substances  are  present  only  in  moderate  proportion,  as  in  riTer 
water,  their  presence  is  not  objectionable  for  most  of  the  purposes  to  which  water  is 
applied ;  indeed  these  substances  render  water  more  pleasant  to  drink,  and  perhaps 
they  may  in  some  degree  contribute  to  nutrition. 

In  household  economy  and  for  manu&cturing  purposes  the  water  most  often  used 
is  spring,  well,  or  river  water ;  in  dry  countries,  rain  water  is  collected  in  tanks. 

An  idea  of  the  characters  of  natural  water  in  this  respect  is  given  by  the  accom- 
panying table  of  analyses. 

In  judging  of  the  quality  of  water,  account  is  to  be  taken  of  its  hardness,  its  tem- 
perature, and  its  purity.  It  is  also  of  importance  to  determine  whether  the  hardness 
18  due  to  earthy  carbonates  or  to  the  corresponding  sulphates  and  chlorides.  In  the 
former  case,  if  the  water  be  allowed  to  remain  for  a  short  time  with  a  considerable 
surface  exposed  to  the  air,  the  greater  part  of  the  calcium  and  magnesium  carbonates 
are  gradually  deposited,  owing  to  the'  scape  of  the  carbonic  acid  which  determined 
their  solution  by  the  water,  and  thus  the  water  becomes  softer.  Such  water  is  also 
rendered  soft  by  boiling.  On  the  contrary,  if  calcium  and  magnesium  are  present  in 
the  state  of  sulpliates  or  chlorides,  the  water  remains  hard  after  exposure  to  the  air,  as 
well  as  after  boiling.  Hence  it  is  easy  to  understand  the  reason  why  many  kinds 
of  spring  water  which  are  very  hard  when  first  escaping  from  the  earth,  afterwards 
become  soft  when  they  have  flowed  for  a  certain  distance  down  a  brook  or  river.  In 
such  cases  the  carbonic  acid  escapes,  and  consequently  the  carbonates  which  caused 
the  hardnes?  of  the  water  are  deposited  in  the  form  of  mud. 

Good  potable  water  should  be  clear,  colourless,  cool,  and  clean — ue.  it  should  be  free 
from  mechanically  suspended  impurities,  such  as  clay,  organic  substances,  etc. ;  it 
should  contain  in  solution  small  amoimts  of  the  acid  calcium  carbonate,  common  salt, 
with  nitrogen  and  oxygen  gases,  and  especially  carbonic  acid.  The  presence  of  other 
compounds  of  calcium  and  magnesium  than  the  carbonates  is  detrimental  in  propor- 
tion to  the  amount  of  those  substances. 

Ckxxl  potable  water  may  contain  in  100,000  parts  from  10  to  80  parts  of  solid 
contents  toat  remain  behind  when  the  water  is  evaporated,  and  one  half  of  the  solid 
contents  may  consist  of  calcium  carbonate.  If  water  contains  less  than  10  parts  of 
solid  contents  per  100,000,  it  is  too  soft,  and  is  less  suitable  as  potable  water  than 
water  that  is  richer  in  salts.  For  this  reason,  rain  water  is  not  good  for  drinking. 
As  regards  the  aeration  of  potable  water,  it  ought  to  contain  by  measure  about  0*8  per 
cent,  of  oxygen,  1*7  per  cent,  of  nitrogen,  and  besides  these  gases  a  considerable  quan- 
tity of  carbonic  acid. 

For  industrial  purposes  soft  water  is  generally  preferable.  For  certain  purposes, 
however,  such  as  the  dyeing  of  some  colours,  hard  water  is  more  suitable.  For  other 
purposes,  it  is  a  matter  of  indifference  whether  water  be  hard  or  soft.  For  cooling 
purposes,  that  water  would  be  chosen  which  indicated  the  lowest  temperature.  Hard 
water  is  not  at  all  suitable  for  steam  boilers,  on  account  of  the  formation  of  scale  by 
the  deposition  of  its  solid  contents  in  the  boiler.  In  this  respect  also,  the  state  of  com- 
bination in  which  the  calcium  exists  is  a  matter  of  great  moment :  calcium  carbonate 
and  calcium  chloride  are  comparatively  harmless,  the  latter  being  very  soluble,  and 
the  former  producing  a  scale  of  a  loose  nature  which  is  easily  removed,  while  calcium 
snlphate  (gypsum)  gives  rise  to  a  very  hard  and  adhesive  scale,  and  when  present  in 
any  considerable  quantity  in  water  renders  it  utterly  useless  for  steam  boilers  unless 
it  IS  submitted  to  a  process  of  purification  beforehand. 

PmilloAtloii. — In  many  cases  it  is  necessary  to  adopt  some  means  of  separating 
impurities  from  natural  water,  to  render  it  suitable  for  use. 

A  very  efi^ient  method  of  preventing  this  objectionable  action  of  gypsum  consists 
in  the  addition  of  sodium  carbonate  (common  soda),  which  converts  the  gypsum  into 
calcium  carbonate,  that  is  deposited  in  the  state  of  mud  and  not  as  a  hard  scale ;  for 
every  degree  of  hardness  of  water  rich  in  gypsum,  about  5  parts  of  soda  crystals,  or 
2  parts  of  calcined  soda,  are  added  to  each  100,000  parts  of  water.  Barium  chloride 
has  also  been  proposed  for  the  decomposition  of  gypsum,  and  by  its  use  water  very 
suitable  for  steam  boilers  can  be  obtained.  But  at  present  this  salt  is  too  dear  for  the 
purpose.  Sal-ammoniac  would  be  applicable  for  preventing  the  formation  of  scale  by 
water  containing  gypsum,  were  it  not  that  the  steam  might  become  ammoniacal,  and 
then  act  injuriously  upon  the  working  parts  of  the  steam  engine.  Substances  contain- 
ing tannin  have  been  found  very  serviceable  for  this  purpose,  and  have  lately  been 
much  used.    Decoction  of  oak  bark  has  been  used,  and  more  recently  catechu. 

If  it  be  desired  to  get  rid  of  the  hardness  of  water  for  washing,  all  the  calcium 
salts  held  in  solution  must  be  precipitated.  This  is  most  easily  effected  by  the  use  of 
common  soda,  whereby  all  the  calcium  is  precipitated  as  carbonate. 

Filtration. — Muddy  water  can  be  easily  rendered  dear  by  filtration.    In  places 
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34  HYDROGEN. 

When  the  saline  substances  are  present  only  in  moderate  proportion,  as  in  river 
water,  their  presence  is  not  objectionable  for  most  of  the  purposes  to  which  water  is 
applied ;  indeed  these  substances  render  water  more  pleasant  to  drink,  and  perhaps 
they  may  in  some  degree  contribute  to  nutrition. 

In  household  economy  and  for  manu&cturing  purposes  the  water  most  often  used 
is  spring,  well,  or  river  water ;  in  dry  countries,  rain  water  is  collected  in  tanks. 

An  idea  of  the  characters  of  natural  water  in  this  respect  is  given  by  the  accom* 
panying  table  of  analyses. 

In  judging  of  the  quality  of  water,  account  is  to  be  taken  of  its  hardness,  its  tem- 
perature, and  its  purity.  It  is  also  of  importance  to  determine  whether  the  hardness 
18  due  to  earthy  carbonates  or  to  the  corresponding  sulphates  and  chlorides.  In  the 
former  case,  if  the  water  be  allowed  to  remain  for  a  short  time  with  a  considerable 
surface  exposed  to  the  air,  the  greater  part  of  the  calcium  and  magnesium  carbonates 
are  gradually  deposited,  owing  to  the'  scape  of  the  carbonic  acid  which  determined 
their  solution  by  the  water,  and  thus  the  water  becomes  softer.  Such  water  is  also 
rendered  soft  by  boiling.  On  the  contrary,  if  calcium  and  magnesium  are  present  in 
the  state  of  sulpliates  or  chlorides,  the  water  remains  hard  after  exposure  to  the  air,  as 
well  as  after  boiling.  Hence  it  is  easy  to  understand  the  reason  why  many  kinds 
of  spring  water  which  are  very  hard  when  first  escaping  from  the  earth,  afterwards 
become  soft  when  they  have  flowed  for  a  certain  distance  down  a  brook  or  river.  In 
such  cases  the  carbonic  acid  escapes,  and  consequently  the  carbonates  which  caused 
the  hardness  of  the  water  are  deposited  in  the  form  of  mud. 

Good  potable  water  should  be  clear,  colourless,  cool,  and  clean — i.e.  it  should  be  free 
from  medianically  suspended  impurities,  such  as  clay,  organic  substances,  etc ;  it 
should  contain  in  solution  small  amounts  of  the  acid  calcium  carbonate,  common  salt, 
with  nitrogen  and  oxygen  gases,  and  especially  carbonic  acid.  The  presence  of  other 
compounds  of  calcium  and  magnesium  than  the  carbonates  is  detrimental  in  propor- 
tion to  the  amount  of  those  substances. 

Ckxxl  potable  water  may  contain  in  100,000  parts  from  10  to  30  parts  of  solid 
contents  toat  remain  behind  when  the  water  is  evaporated,  and  one  half  of  the  solid 
contents  may  consist  of  calcium  carbonate.  If  water  contains  less  than  10  parts  of 
solid  contents  per  100,000,  it  is  too  soft,  and  is  less  suitable  as  potable  water  than 
water  that  is  richer  in  salts.  For  this  reason,  rain  water  is  not  good  for  drinking. 
As  regards  the  aeration  of  potable  water,  it  ought  to  contain  by  measure  about  0*8  per 
cent,  of  oxygen,  1*7  per  cent,  of  nitrogen,  and  besides  these  gases  a  considerable  quan- 
tity of  carbonic  acid. 

For  industrial  purposes  soft  water  is  generally  preferable.  For  certain  purposes, 
however,  such  as  tlie  dyeing  of  some  colours,  hard  water  is  more  suitable.  For  other 
purposes,  it  is  a  matter  of  indifference  whether  water  be  hard  or  soft.  For  cooling 
purposes,  that  water  would  be  chosen  which  indicated  the  lowest  temperature.  Hard 
water  is  not  at  all  suitable  for  steam  boilers,  on  account  of  the  formation  of  scale  by 
the  deposition  of  its  solid  contents  in  the  boiler.  In  this  respect  also,  the  state  of  com- 
bination in  which  the  calcium  exists  is  a  matter  of  great  moment :  calcium  carbonate 
and  calcium  chloride  are  comparatively  harmless,  the  latter  being  very  soluble,  and 
the  former  producing  a  scale  of  a  loose  nature  which  is  easily  removed,  while  calcium 
sulphate  (gypsum)  gives  rise  to  a  very  hard  and  adhesive  scale,  and  when  present  in 
anv  considerable  quantity  in  water  renders  it  utterly  useless  for  steam  boilen  unless 
it  18  submitted  to  a  process  of  purification  beforehand. 

PmilloAtloii. — In  many  cases  it  is  necessary  to  adopt  some  means  of  separating 
impurities  from  natural  water,  to  render  it  suitable  for  use. 

A  very  efi^ient  method  of  preventing  this  objectionable  action  of  gypsum  consists 
in  the  addition  of  sodium  carbonate  (common  soda),  which  converts  the  gypsum  into 
calcium  carbonate,  that  is  deposited  in  the  state  of  mud  and  not  as  a  haidf  scale ;  for 
every  degree  of  hardness  of  water  rich  in  gypsum,  about  5  parts  of  soda  crystals,  or 
2  parts  of  calcined  soda,  are  added  to  each  100,000  parts  of  water.  Barium  chloride 
has  also  been  proposed  for  the  decompontion  of  gypsum,  and  by  its  use  water  very 
suitable  for  steam  boilers  can  be  obtained.  But  at  present  this  salt  is  too  dear  for  the 
purpose.  Sal-ammoniac  would  be  applicable  for  preventing  the  formation  of  scale  by 
water  containing  gypsum,  were  it  not  that  the  steam  might  become  ammoniacal,  and 
then  act  injuriously  upon  the  working  parts  of  the  steam  engine.  Substances  contain- 
ing tannin  have  been  found  very  serviceable  for  this  purpose,  and  have  lately  been 
much  used.    Decoction  of  oak  bark  has  been  used,  and  more  recently  catechu. 

If  it  be  desired  to  get  rid  of  the  hardness  of  water  for  washing,  all  the  calcium 
Baits  held  in  solution  must  be  precipitated.  This  is  most  easily  effected  by  the  use  of 
common  soda,  whereby  all  the  calcium  is  precipitated  as  carbonate. 

FiLTBATxoK. — Muddy  water  can  be  easily  rendered  dear  by  filtration.    In  places 
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vliere  the  only  ayailable  water  is  muddy,  it  is  purified  in  filtAring  tanks.    These 

ooDsist  of  large  water-tight  basins  at  the  bottom  of  which  is  placed  a  layer  of  coarse 

stones,  over  this  a  layer  of  coarse  sand  or  gravel,  then  a  layer  of  fine  sand,  and  on 

the  top  a  layer  of  river  sand.    The  water  is  led  in  above,  and  filters  through  the 

several  layers,  collecting  in  the  lowest  one.    From  thence  it  passes  into  reservoirs  or 

shafts  built  vertically  in  the  basin,  and  having  their  walls  so  perforated  at  the  lower 

part,  where  thev  are  in  contact  with  the  coarse  stones,  that  onlv  filtered  water  can 

enter  them.     The  filtered  water  is  pumped  out  from  these  reservoirs,  and  conducted  to 

its   destination.     Iron  tubes  perforated  below  are  often  used  instead  of  brickwork 

reservoirs.     The  greater  portion  of  the  suspended  impurities  contained  in  the  water  is 

retained  in  the  uppermost  layer  of  sand,  and  consequently  this  has  to  be  renewed  from 

time  to  time. 

By  filtering  water  through  powdered  charcoal,  not  only  are  mechanically  suspended 
substances  got  rid  of,  but  substances  that  are  present  in  solution  are  also  removed  to 
some  extent — for  instance,  foul  gases,  and  decaying  organic  substances — and  in  this  ^ 
way  water  coloured  by  such  substances  may  often  be  rendered  colourless.  However, 
the  charcoal  soon  becomes  s^iturated  with  the  absorbed  substances,  and  rendered  use- 
less, so  that  filtration  through  charcoal  cannot  be  conducted  advantageously  on  a 
large  scale.  It  may  even  happen  that  charcoal  which  has  become  thus  saturated  at  a 
low  temperature  will  give  up  a  p<jrtion  of  the  absorbed  substance  when  the  water  to 
be  filtered  has  a  higher  temperature.  On  a  small  scale,  however,  carbon  filters  in 
various  forms  are  frequently  used  for  purifying  water. 

At  present  no  means  are  known  of  rendering  sea  water  potable  by  simple  filtra- 
tion. Many  experiments  have  been  made  in  this  direction,  but  no  cheap  material  has 
been  found  capable  of  retaining  the  salt. 

Distillation. — Water  that  is  to  be  used  for  analysis  and  other  chemical  pur- 
poses must  be  purified  by  distillation,  for  all  kinds  of  natural  water  are  too  impure  for 
such  purposes ;  even  rain  water  contains  impurities  originating  from  the  atmosphere, 
soch  for  instance  as  dust,  salts  of  ammonia,  etc.,  which  render  it  xmfit  for  many  pur- 
poses. 

The  purification  of  water  by  distillation  is  very  simple.  For  this  purpose,  the 
purest  natural  water  obtainable  should  be  selected,  and  especially  that  most  free 
nom  smelL  The  apparatus  in  which  the  distillation  is  carried  out  varies  in  shape 
and  arrangement.  Generally  it  consists  of  a  copper  still,  heated  from  beneath  so  as 
to  boil  the  water  in  the  still.  The  steam  is  conducted,  by  means  of  a  head,  fastened 
air-tight  to  the  still,  into  a  cooling  apparatus,  where  it  is  condensed  and  fiows  out 
below.  The  condenser  generallv  consists  of  a  serpentine  tube,  fitted  into  a  tub  filled 
with  cold  water  in  such  a  way  that  the  interior  of  the  tube  cannot  communicate  with 
the  cold  water  surrounding  it.  The  first  portion  of  water  which  distils  over  is  thrown 
away,  since  it  contains  all  the  gaseous  products  which  were  dissolved  in  the  water. 
The  collection  of  the  distillate  is  not  begun  until  one-fourth  of  the  water  has  distilled 
over,  and  then,  provided  the  operation  has  been  properly  conducted,  the  distilled  water  is 
chemically  pure.  In  purifying  water  by  this  method,  care  must  be  taken  to  avoid  too 
violent  boiling,  by  which  some  of  the  water  from  the  still  might  be  spirted  into  the 
condensing  apparatus,  and  also  to  prevent  the  water  in  the  still  from  being  evapo- 
rated to  £yne68,  in  which  case  the  solid  contents,  reduced  to  a  dry  state,  might  be 
decomposed,  yielding  gaseous  products,  which  would  pass  into  the  distillate.  In  either 
case  the  distilled  water  would  be  rendered  impure. 

Distillation  of  sea  water. — In  order  to  obtain  pure  water  from  sea  water,  a  plan  is 
adopted  similar  to  that  just  described,  only  that  in  this  case  greater  precaution  is 
necessary.  Sea  water  contains  in  solution  a  much  greater  amount  of  salts  than 
ordinary  well  or  river  water,  and  upon  evaporation  these  salts  form  a  thick  crust  in 
the  still,  which  adheres  firmly  to  the  bottom.  Consequently,  overheating  of  the 
bottom  of  the  still  easily  occurs,  whereby  on  the  one  hand  salts  are  decomposed,  and 
on  the  other  hand  the  still  itself  sufiers.  This  difficulty  has  to  a  great  extent  been 
overcome  by  the  use  of  an  apparatus,  constructed  by  Dr.  Normandy,  which  is  exten- 
sively used  in  ships  making  long  voyages. 

The  distillation  of  sea  water  for  the  purpose  of  rendering  it  potable  has  attracted 
the  attention  of  many.  The  first  to  occupv  himself  with  the  matter  was  an  English- 
man of  the  name  of  Hanton,  and  later  on,  in  1714,  a  Frenohman  named  Gautier.  Their 
apparatus,  however,  was  very  imperfect,  and  found  on  this  account  no  general  employ- 
ment. Peyre  and  Bochire  have  recently  constructed  an  apparatus  of  the  kind  in  which 
the  heat  of  oombostion  is  not  only  used  for  the  distillation  of  water,  but  at  the  same 
time,  by  means  of  a  suitable  condenser,  for  culinary  purposes. 

The  first  and  lastportions  of  the  distillation  are  collected  separately,  and  serve  for 
vsfhing  purposes.    *&»  intermediate  portion  is  used  for  drinking.    This  water  is 
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rendered  more  potable  by  heating  it  in  a  kind  of  drum  in  which  the  air  is  constantlj 
renewed.  By  Uiis  means  the  water  absorbs  oxygen  and  carbonic  acid  in  the  propor- 
tion in  which  these  gases  are  contained  in  river  water.  This  water  would  be  ren- 
dered better  and  more  palatable  by  adding  to  it  one  tenth  per  cent,  of  water  saturated 
with  caldmn  carbonate  and  free  carbonic  acid. 

Umemm — There  is  no  substance  that  is  made  use  of  on  so  large  a  scale  as  water, 
both  in  manufactures  and  in  household  economy.  It  is  employed  for  the  purpose 
of  transferring  heat  to  other  substances  which  cannot  with  advantage  be  submitted  to 
the  direct  action  of  fire,  either  by  means  of  bringing  them  in  contact  with  hot  water, 
or  by  the  application  of  steam.  Water  is  used  for  purposes  of  purification,  for  dis- 
solving or  crystallising  a  number  of  substances,  for  producing  and  promoting  numerous 
chemical  and  physiological  changes  which  set  in  activity  the  industrial  energy  of 
mankind  in  nuuiufS&ctories,  in  agriculture,  horticulture,  etc  Lastly,  water  is  the  sub- 
stance by  means  of  which  heat  is  converted  in  steam  engines  into  force. 

If  all  the  uses  thus  cursorily  alluded  to  be  considered,  it  will  bo  evident  that  there 
is  no  substance  of  more  general  and  higher  importance  than  water. 

Compounds. — ^Water  combines  with  a  number  of  substances  in  a  variety  of  ways, 
forming  compounds  which  are  generally  termed  hydrates,  though  in  many  instances 
they  probably  do  not  actually  contain  water,  but  are  to  be  regarded  rather  as  derivatives 
of  water,  by  the  substitution  of  elementary  or  compound  substances  for  a  portion  of  its 
hydrogen.    Thus,  for  instance,  nitric  hydrate,  or  ordinary  nitric  acid,  and  sodium 

hydrate  should  be  represented  by  the  formulse     if  r  ^  ^°^    H  r  ^'  ^  derivatives  of 

water,  half  of  the  hydrogen  being  replaced  by  the  monovalent  ramcle  NO^  and  by  the 

monovalent  element  Na  respectively. 

Sulphuric  hydrate,  or  ordinary  sulphuric  acid,  corresponds  in  like  manner  to  a 

SO  ^ 
double  molecule  of  water,  and  may  be  represented  by  the  formula    n^  ^  0,,  half  the 

hydrogen  being  replaced  by  the  bivalent  radicle  SO,. 

The  composition  of  ethyl  hydrate,  or  ordinary  alcohol,  and  of  its  analogues,  may 

C  H  ") 
also  be  represented  as  bearing  the  same  relation  to  water    '  tt  >  0,  half  of  the  hydro- 
gen being  replaced  by  the  monovalent  radicle,  or  pseudo-metal,  ethyl  C,Hg. 

A  number  of  carbonaceous  substances,  such  as  starch,  sugar,  etc,  containing, 
*  besides  carbon,  hydrogen  and  orjrgen  in  the  same  proportions  as  water,  may  on  that 
account  be  regarded  as  compounds  of  carbon  with  water,  or  hydrates  of  carbon,  and 
they  are  often  termed  carbohydrates;  but  other  considerations  give  greater  proba- 
bihty  to  the  opinion  that  the  constitution  of  these  substances,  or  the  mode  in  which 
their  elementary  constituents  are  arranged,  is  very  much  more  complex. 

In  many  compounds,  however,  some  part  of  the  hydrogen  and  oxygen  they  con- 
tain actually  exists  as  water.    This  is  especially  the  case  with  many  crystalline  salts ; 

280,1 
for  instance,  potassic  aluminum  sulphate    Al,  >0^  is  capable  of  combining  with 

Kj 
twelve  molecules  of  water,  forming  the  crystalline  salt  called  alum,  EAl,  2S04l2H,0, 
containing  nearly  half  its  weight  of  water,  which  can  be  separated  by  heating  the  salt 
to  redness.    Water  in  this  state  of  combination  is  termed  water  of  crystallisation. 
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Oomposltlon. — ^This  compound  of  hydrogen  and  oxygen  contains  relatively  to 
hydrogen  twice  as  much  oxygen  as  water  does,  and  its  composition  is  represented  by 
the  formula  H^O,. 

Oliaraoterfl. — Hydrogen  peroxide  is  a  colourless  liquid,  in  its  outward  appearance 
not  distinguishable  fh>m  water,  but  very  different  from  that  substance  in  its  chemical 
and  physical  properties.    Its  density  is  almost  one-and-a-half  times  that  of  water,  the 

rcific  gravity  being  1*45.  It  does  not  become  solid  at  —80^  C.  At  a  temperature 
fh>m  15°  to  20°  it  decomposes,  gelding  water  and  oxygen ;  it  cannot^  therefore, 
be  converted  by  means  of  heat  into  the  gaseous  condition,  but  it  can  easily  be 
evaporated  in  a  vacuum.  Hydrogen  peroxide  bleaches  vegetable  colours ;  and  causes 
violent  irritation  of  the  skin ;  its  taste  is  acrid  and  bitter.  It  is  soluble  in  all  pro- 
portions in  water ;  and  is  soluble  in  ether  in  considerable  amount    The  ethereal 
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solotion  IB  rerj  stable,  indeed  hydrogen  peroxide  will  partly  distil  over  with  the  ether 
yaponr. 

Hydrogen  peroxide  yields  its  oxygen  with  readiness  to  oxidisable  substances,  and 
is  therefore  a  powerful  oxidising  agent.  It  oxidises  arsenic  to  arsenic  acid,  phos- 
phorous acid  to  phosphoric  acid,  protoxide  of  iron  to  peroxide  of  iron,  etc 

Hydrogen  peroxide  also  acts  as  a  reducing  agent  If  it  be  brought,  for  instance,  into 
contact  with  easily  reducible  oxides,  such  as  oxide  of  gold,  oxide  of  silver,  or  oxide  of 
platinum,  erolution  of  gas  takes  place,  the  oxygen  of  the  metallic  oxides  escaping, 
together  with  the  half  of  the  oxygen  of  the  hydrogen  peroxide,  water  and  metal  re- 
maining behind.  In  the  same  way,  it  reduces  manganic  acid,  chromic  add,  peroxide 
of  lead,  etc,  to  lower  oxides. 

Hydrogen  peroxide  manifests  a  still  more  remarkable  behaviour  with  certain  other 
substances.  In  contact  with  finely  divided  platinum,  gold,  silver,  peroxide  of 
manganese,  and  other  finely  divided  substances,  the  half  of  its  oxygen  escapes,  accom- 
panied by  a  rise  of  temperature  of  the  whole  mass ;  water  remains  behind ;  but  the 
substances  which  cause  this  decomposition  do  not  undergo  any  alteration  whatever. 
Berzelius  termed  this  phenomenon  contact  action. 

Some  of  the  reactions  of  hydrogen  peroxide  are  very  marked  and  admit  of  its 
presence  being  readily  detected.  Thus,  if  a  few  dro{»  of  a  dilute  solution  of  potas- 
sium chromate,  with  a  few  drops  of  dilute  sulphuric  acid,  are  added  to  a  liquid 
containing  only  minute  quantities  of  hydrogen  peroxide,  and  the  whole  is  shaken  with  a 
little  ether,  peichromic  acid  is  formeo,  which  colours  the  ether  intensely  blue.  Mere 
traces  of  hycurogen  peroxide  can  be  detected  by  adding  a  small  quantitry  of  starch 
paste  containing  potassium  iodide  to  the  liquid  to  be  tested,  together  with  from  two 
to  three  drops  of  an  extremely  dilute  solution  of  sulphate  of  iron.  The  smallest  quan- 
tity of  hydrogen  peroxide  causes  the  formation  of  blue  iodide  of  starch.  Of  course 
the  liquid  to  be  t^ted  must  not  contain  any  substance  that  likewise  produces  a  blue 
coloration  of  starch  paste  containing  potassium  iodide. 


ktlon. — ^The  preparation  of  hydrogen  peroxide  is  based  upon  the  fact  that 
certain  metallic  peroxides — as,  for  instance,  potassium  peroxide,  or  barium  peroxide, 
upon  treatment  with  dilute  acids — yield  oxygen  which  is  not  separated  in  the  &ee  state, 
but  combines  with  the  water  present,  forming  hydrogen  peroxide.  It  is  best  to  use 
barium  peroxide  for  this  purpose.  This  decomposes  with  dilute  sulphuric  acid  accord- 
ing to  the  following  equation : 

Hydrochloric  acid  is  better  suited  for  this  purpose  than  sulphuric  acid,  because  it 
forms  a  soluble  salt  of  barium,  which  does  not  hinder  the  further  action  of  the  acid 
upon  the  peroxide,  as  the  barium  sulphate  does.  But  carbonic  add  is  the  most  suit- 
able for  the  preparation  of  pure  hydrogen  peroxide.  In  order  to  prepare  it  by  the 
action  of  carbonic  acid,  an  abundant  stream  of  the  washed  gas  is  passed  through  dis- 
tilled water  in  a  beaker.  To  this  water  finely-powdered  barium  peroxide  is  add^  from 
time  to  time  iff  very  small  quantities,  so  that  there  is  never  any  great  excess  of  barium 
peroxide  present  in  the  liquid  containing  hydrogen  peroxide,  which  in  such  case  would 
be  decomposed  into  water,  with  the  evolution  of  oxygen.  After  this  operation  has  been 
carried  on  for  some  time  the  barium  carbonate  is  filtered  off,  and  the  solution 
evaporated  in  vacuo  over  sulphuric  add  until  the  liquid  assumes  a  syrupy  consistence. 

Hydrogen  peroxide  cannot  be  preserved  long  in  this  condition.  In  order  to  pre- 
Krve  it,  it  must  be  diluted  with  water,  and  made  slightly  acid  with  hydrochloric  add. 
ErfcU  in  this  state,  it  gradually  decomposes,  especially  when  exposed  to  light 

Vae*. — Hy^lrogen  peroxide  has  been  used,  according  to  the  recommendation  of 
its  discoverer  Th^nard,  for  restoring  the  white  colours  in  pictures  that  had  turned  grey  or 
black.  It  acts  in  this  case  by  giving  off  its  oxygen,  which  oxidises  the  black  sulphide 
of  lead  and  converts  it  into  white  sulphate  of  that  metaL  In  this  way  the  blackened 
colours  of  oil-paintings  have  been  restored  by  making  use  of  water  containing  only  2 
percent  by  measure  of  hydrogen  peroxide.  If  hydrogen  peroxide  were  cheaper,  it 
might  be  used  with  advantage  for  cloth-bleaching. 

Hydrogen  peroxide  has  been  used  in  medicine,  but  at  present  only  externally. 
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Stmbol  N.    Atomic  Wbight  14. 

.  Bistoiy* — Rutherford  discovered  in  1772  that  atmospheric  air  contains  a  pecu- 
liar gas,  which  remains  when  an  animal  respires  in  a  closed  space,  and  is  not  capable 
of  supporting  either  respiration  or  combustion.  Not  long  afterwards  Scheele  and 
Lavoisier  ascertained  that  atmospheric  air  consists  chiefly  of  this  gas,  together  with 
oxygen.  Lavoisier  gave  it  the  name  of  Azote,  and  Chaptal  called  it  Nitrog^ne, 
because  the  same  gas  occurs  in  nitric  acid ;  hence  its  designation  with  the  letter  or 
symbol  N. 

Ooeurrenoe. — Nitrogen  occurs  abundantly  in  the  free  state,  constituting  about 
foor-fifthB  of  the  volume  of  atmospheric  air,  or  rather  more  than  three-fourths  of  its 
weight 

It  also  occurs  largely  in  a  state  of  combination  with  oxygen  and  potassium,  sodium, 
oir  calcium,  as  a  constituent  of  the  corresponding  nitrates,  saltpetre,  cubic  nitre,  and 
nitrocalcite.  Oxides  of  nitrogen -also  exist  in  small  proportion  in  the  atmosphere. 
Nitioffen  in  combination  with  hydrogen  occurs  as  ammonia  in  the  atmosphere,  in 
flome  kinds  of  natural  water,  and  in  volcanic  exhalations.  Many  substances,  such  as 
albumin,  casein,  etc.,  that  are  of  groat  importance  in  connection  with  the  vital  phe- 
nomena of  plants  and  animals,  contain  nitrogen  as  an  essential  constituent,  and  other 
nitrogenous  substances  of  like  origin  are  remarkable  either  for  their  powerful 
medicinal  properties  or  for  their  applicability  as  dyes,  etc. 

Obaraoters. — Nitrogen  gas  is  characterised  by  its  chemical  indifference  towards 
other  substances,  and  it  is  on  this  account  impossible  to  separate  it  from  the  air  by 
means  of  another  substance.  It  is  colourless,  tasteless,  and  odourless ;  as  compared 
with  hydrogen  its  density  is  14,  and  relatively  to  atmospheric  air  its  specific  gravity  is 
0*9713.  It  has  not  been  possible  as  yet,  by  the  agency  of  the  most  powerful  pressure, 
combined  with  the  most  intense  cold,  to  condense  nitrogen  gas  to  a  liquid  condition. 
Nitrogen  gas  is  slightly  soluble  in  water;  at  0^0.  the  amount  dissolved  is  only  a  little 
above  2  per  cent,  by  measure.  It  is  not  inflammable ;  on  the  contrary,  burning  substances 
are  immediately  coctinguished  when  brought  into  an  atmosphere  of  nitrogen  gas ;  it 
is  equally  irrespirable,  for  if  it  does  not  act  as  a  positive  poison  upon  the  animal 
organism,  still  animals  are  suffocated  in  an  atmosphere  of  the  pure  gas. 

Preparatton. — ^Nitrogen  is  generally  prepared  firom  atmospheric  air,  of  which  it 
constitutes  nearly  three-fourths  by  weight.  All  inflammable  substances  bum  in  the  air 
at  the  expense  of  the  oinrgen ;  therefore  if  combustion  is  carried  on  in  a  closed 
space,  it  continues  only  so  long  as  oxygen  is  present  Combustion  ceases  as  soon  as 
all  the  oxygen  is  used  up,  nitrogen  and  the  products  of  combustion  remaining  behind. 
If,  for  instance,  a  glass  bell  jar  be  placed  over  a  small  dish  contaiping  a  piece  of 
phosphorus,  floating  upon  water  contained  in  a  trough,  and  thus  allowed  to  remain 
for  twenty-four  hours,  slow  combustion  of  the  phosphorus  takes  place,  the  products 
of  combustion,  phosphorous  and  phosphoric  acids  dissolve  in  the  water,  and  nitrogen 
alone  remains  in  the  bell  jar. 

In  order  to  obtain  nitrogen  from  the  air  more  speedily,  it  is  convenient  to  proceed 
in  the  following  manner :  A  large  flat  cork,  somewhat  hollowed  out  in  the  middle,  is 
allowed  to  float  upon  the  surface  of  water  contained  in  a  pneumatic  trough,  and 
upon  it  is  placed  a  small  porcelain  dish  containing  a  piece  of  dry  phosphorus.  The 
phosphorus  is  ignited,  and  over  the  whole  is  inverted  a  large  glass  bell  jar,  in  such 
a  manner  that  the  rim  at  the  bottom  dips  at  least  an  inch  deep  into  the  water. 
The  burning  phosphorus  rapidly  withdraws  all  the  oxygen  from  the  air  con- 
tained in  the  bell  jar,  forming  phosphoric  acid,  which  fills  the  jar  with  white  clouds,  and 
gradually  dissolves  in  the  water.  As  the  volume  of  air  in  the  bell  jar  is  diminished, 
in  consequence  of  the  withdrawal  of  oxvgen,  the  water  rises  in  the  jar  and  occupies 
eventually  the  space  that  the  oxygen  had  previously  occupied.  Nitrogen  obtained  in 
this  manner  is  never  absolutely  pure,  for  it  contains  still  the  carbonic  acid  which  was 
contained  in  the  air,  as  well  as  a  small  quantity  of  oxygen,  since  the  phosphorus  ceases 
to  bum  before  all  the  oxygen  has  disappeared. 
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Fore  nitrogen  can  be  obtained  by  freeing  atmospheric  air  from  water-vapour  and 
carbonic  add,  and  conducting  such  purified  air  over  ignited  metallic  copper.  For  this 
purpose,  a  gaa-holder,  such  as  that  described  on  p.  20  (fig.  3),  is  filled  with  air,  which 
IB  conducted  first  of  all  through  a  glass  U-tube  filled  with  pieces  of  fused  calcium 
chloride,  then  through  a  similar  tube  filled  with  pieces  of  fused  potassium  hydrate. 
After  the  air  has  by  this  means  been  freed  from  water  and  carbonic  add,  it  is  passed 
through  a  horizontal  tube  of  difficultly  fusible  glass,  filled  with  copper  turnings  and 
heated  to  redness.  In  this  tube  oxygen  is  absorbed  by  combining  with  the  red-hot 
copper,  forming  oxide  of  copper,  and  it  is  only  necessary  to  collect  the  escaping  gas 
over  water  in  a  suitable  vessel  in  order  to  obtain  pure  nitrogen  gas. 

Nitrogen  gas  in  the  pure  state  can  also  be  obtained  by  conducting  chlorine  gas 
through  a  solution  of  ammonia  in  water.  Chlorine  deprives  part  of  the  ammonia  of 
its  hydrogen,  forming  first  of  all  hydrochloric  acid,  and  this  combining  with  another 
portion  of  ammonia,  forms  sal-ammoniac  (ammonium  chloride),  according  to  the 
equation  ;  this  method  of  preparation  is  attended  with  some  danger  in  consequence  of 
the  possible  formation  of  explosive  nitrogen  chloride  : 

4NH,  +  8C1    =    3NH,C1  +  N. 

Lastly,  pure  nitrogen  gas  can  bo  obtained  by  heating  ammonium  nitrite  in  a 
retort,  the  delivery  tube  of  which  opens  under  a  glass  bell  jar  over  water  contained 
in  a  pneumatic  trough.  Upon  the  application  of  heat  to  the  nitrite,  its  hydrogen 
eombinee  with  the  oxygen  of  the  nitrous  acid,  forming  water,  which  condenses,  and 
nitzogen  is  liberated,  according  to  the  equation : 


rajo    -    3gS0+2N. 


Nitrogen  is  often  set  free  as  a  by-product  upon  heating  nitrogenous  organic  sub- 
stances for  variouB  purposes. 


Vses. — Nitrogen  gas  has  been  employed  with  advantage  for  replacing  atmo- 
spheric air  in  vessels  in  which  easily  decomposible  organic  substances  are  preserved. 
There  are  a  number  of  substances,  especially  organic  substances,  which  decom- 
pose upon  long  contact  with  the  air.  In  order  to  prevent  this,  the  vessels  in  which 
such  substances  are  to  be  preserved  are  filled  with  nitrogen  gas.  Instead  of  filling 
the  Teasel  with  nitrogen,  the  substance  to  be  preserved  may  be  mixed  with  a  substance 
which  on  the  one  hand  deprives  air  of  its  oxygen,  and  on  the  other  hand  prevents  fer- 
mentation and  decay.  Such  substances  are  the  sulphides  of  the  alkali  metals,  sul- 
phnzouB  acid,  the  proto-salts  of  iron,  certain  ethereal  oils,  etc.  In  chemical  laboratories 
also,  advantage  is  taken  of  the  chemical  indifference  of  nitrogen,  by  filling  with  the 
gas  apparatus  which  contain  easily  oxidisable  substances. 

Oquipqimda  of  yttrogen. — ^Notwithstanding  the  marked  chemical  indifference 
of  nitrogen  in  the  firee  state,  many  of  its  compounds  are  remarkable  for  their  chemical 


There  are  five  oxides  of  nitrogen,  three  of  which  form  with  water  or  metallic  oxides 
salts,  which  are  respectively  termed  hyponitrites,  nitrites,  and  nitrates,  the 
several  hydrogen  salts  being  commonly  called  acids.  The  composition  of  these  oxides 
and  of  the  corresponding  hydrogen  and  potassium  salts  is  shown  in  the  following  table : 

MoDozide  ornitions  oxide  .    .  N,0    /gypo^t^^  acid    .    H,ON,0  or  HNO 
AuwMauc  w  uiuT/uo  w**^*c       .  a.  ,v    ^  Potaggj^jj  hypouitnteKjONjO       KNO 

Dioxide  or  nitric  oxide  .    •    .  N,0, 

'TJi^^A^  «.  «:f^.»».  o»Y««.i.:^^  V  n  /Nitrous  acid  .  .  .  H..ON-0.  or  HNO- 
Trumde  or  nitrous  anhydnde  .  NA  (potassium  nitrite  .  K,ONA  KNO^ 
Tetzoxide  or  peroxide      •    .    .  'Sfi^ 

T>^*,,^A^  ^ ^i*-Jiv.rrA^A^  vn    /Nitric acid      .    .    .    H-ON-0.  or  HNO, 

Pentoxideornitnhydnde    .    •  N A  ( p^tagsium  nitrate    .    K,ONA       KNoJ 

The  compound  of  nitrogen  with  hydrogen,  called  ammonia,  has  a  composition 
represented  by  the  formula  NH,.  This  substance  is  the  type  of  a  number  of  substances 
termed  compound  ammonias  or  amines,  in  the  composition  of  which  the  place 
of  one  or  more  of  the  hydrogen  atoms  in  ammonia  is  occupied  by  an  alcohol  ramcal ; 
one  of  the  most  important  of  these  substances,  in  a  technical  point  of  view,  is  aniline, 
CJS^,  the  source  from  which  a  great  number  of  dyes  are  now  prepared.  It  contains, 
in  the  place  of  one  of  the  hydrogen  atoms  of  ammonia,  the  compound  radical  phenyl, 

CAf  ^^  eotnpontion  being  represented  by  the  formula  N  j  nn 

Witli  etfhon,  nitrogen  fbrms  cyanogen,  ON,  a  substance  that  is  remarkable  for 
its  aoakgy  to  ddorine,  and  its  pssodo-elementary  characters. 
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The  componndB  of  nitrogen  with  chlorine,  bromine,  and  iodine,  though  interesting^ 
are  not  of  technical  importance. 

Nitrogen  appears  to  form  definite  compounds  with  iron,  copper,  and  other  metals. 


FOBinJLA  N^O.     MOLSCDIAR  WmoHT  44. 

Oompoaitton. — This  substance  contains  rather  more  than  one-third  its  weight 
of  oxygen.  The  normal  volume  of  nitrogen  is  double  that  of  the  oxygen,  and  the 
joint  volume  of  the  gases  is  condensed  one-third  in  combination. 

Obaraeters. — ^Xitrous  oxide  is,  at  ordinary  temperatures,  a  colourless  gas,  having 
a  faint  odour  and  sweet  taste.  Its  density  is  22  as  compared  with  hydrogen,  and  re- 
latively to  air  its  specific  gravity  is  1*525.  At  15^  it  dissolves  in  rather  more  than  its 
own  volume  of  water,  and  at  0^  in  less  than  its  volume.  It  condenses  to  a  liquid 
under  a  pressure  of  about  50  atmospheres,  and  more  readily  when  cooled  to  0^.  In 
the  liquid  state  nitrous  oxide  has  a  specific  gravity  of  0*9  and  by  cooling  to  —  99°  it 
solidifies. 

Nitrous  oxide  gas  supports  combustion  ;  but  less  actively  than  oxygen,  and  it  can 
be  readily  distinguished  horn  oxygen  by  its  greater  solubility  in  water. 

Preparatton. — Nitrous  oxide  is  formed  by  the  action  of  zinc  upon  a  mixture  of 
equal  parts  of  nitric  acid  and  sulphuric  acid ;  but  the  best  method  of  preparing  the 
gas  is  to  heat  ammonium  nitrate  NH4NO,  in  a  glass  fiask  to  a  temperature  not  ex- 
ceeding 250°,  when  the  salt  melts  and  is  decomposed  according  to  the  following  equa- 
tion, giving  off  the  gas  with  the  appearance  of  ebullition. 

NH4NO,     «     2HjO  +  N,0. 

On  account  of  the  solubility  of  the  gas  in  cold  water,  it  must  be  collected  over 
mercury  or  warm  water  or  a  solution  of  salt. 

Vaes. — ^Nitrous  oxide,  when  inhaled,  produces  temporary  insensibility,  and  on 
this  account  it  is  used  as  an  anaesthetic  in  surgical  operations. 

Oompomids. — Nitrous  oxide  forms  a  series  of  saline  compounds  called  hy po- 
tt itrites,  which  are  very  instable  and  can  be  obtained  only  indirectly  by  the  reduction 
of  nitrates. 


FOBUULA  NO  OR  N.O^     MOLBCUIAB  WmoHT  30  OB  60. 
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Compositton* — This  substance  contains  nearly  half  its  weight  of  oxygen,  and  is 
a  compound  of  nitrogen  and  oxygen  in  equal  atomic  proportions.  The  normal 
volumes  of  the  constituent  gases  are  equal,  and  they  are  combined  without  condensa- 
tion. 

Oluuraotera. — Nitric  oxide  is  a  colourless  gas,  that  has  not  been  liquefied  by 
cold  or  pressure.  Its  density  is  15  as  comj^ared  with  hydrogen,  and  relatively  to  air 
the  specific  gravity  is  1*039.  Nitric  oxide  is  very  sparingly  soluble  in  water,  which 
takes  up  only  about  one-twentieth  of  its  volume  of  the  gas ;  but  it  is  copiously  dissolved 
by  solutions  of  ferrous  salts,  forming  a  brown  liquid  which  absorbs  oxygen  from  the 
air.  Nitric  acid  also  dissolves  the  gas,  forming  a  blue,  green,  or  brown  hquid,  accord- 
ing to  the  concentration  of  the  acid. 

Nitric  oxide  is  a  very  stable  compound,  and  when  dry  it  is  not  decomposed  at  a  red 
heat.  It  combines  readily  with  oxygen,  inducing  reddish-brown  fames,  which  dis- 
solve in  water,  and  probably  consist  in  part  of  nitrous  anhydride  N^O,  and  partly  of 
nitrogen  peroxide  NO,.  When  mixed  with  water-vapour  it  is  converted  into  nitric 
acid  and  oxygen  under  the  infiuence  of  a  succession  of  electric  sparks.  Nitric  oxide 
extinguishes  the  fiame  of  a  taper,  and  it  gives  up  its  oxygen  only  when  heated  to  a 
high  temperature  with  readily  oxidisable  substances,  such  as  phosphorus. 

Vreparatton* — Nitric  oxide  is  prepared  by  the  action  of  copper  or  mercury  on 
nitric  acid  diluted  with  an  equal  bulk  of  water  and  without  the  aid  of  heat, 

8HN0,  +  8Cu     =     8(Cu2NO.)  +  2N0  +  4H,0, 

or  by  decomposing  potassium  nitrate  by  dilute  sulphuric  acid  in  the  presence  of 
ferrous  sulphate, 

2KN0,  +  6FeS04  +  CH^O^     -    2HKSO4  +  3Fe,3(80,)  +  4H,0  +  2N0. 
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VXTBOVS  AVBTBSXBB. 

Fobicuul  N,0,.   Molrculab  Wbioht  76. 

I. — This  substance  contains  rather  more  than  six-tenths  of  its  weight  of 
oxygen,  the  nitrogen  being  combined  with  one  and  a  half  times  its  Tolnme  of  oxygen. 

Ctuurmeters. — Nitrons  anhydride  is  a  reddish-colonred  gas,  that  condenses  to  a 
bhe  liquid  at  — 18^. 

yrepamtton. — ^Bj  gently  heating  a  mixture  of  nitric  acid  and  arsenous  oxide,  or 
a  mixture  of  starch  and  nitric  acid  of  1*25  sp.  gr.,  brown  vapours  are  given  off  which 
may  be  condensed  in  a  tube  surrounded  by  a  freezing  mixture  to  a  blue  liquid,  after 
having  been  passed  over  calcium  chloride.  The  reaction  that  takes  place  is  repre- 
■ented  by  the  following  equation : 

As,0,  +  2HN0,  +  H,0   =.   2H^s04+N,0,. 

CompoviidSa — ^Nitrous  anhydride  combines  with  water  forming  nitrous  acid 
HNO^  the  representative  of  a  series  of  saline  compounds  called  nitrites. 

It  is  a  very  unstable  compound,  and  is  readily  decomposed  into  nitric  acid,  nitric 
oxide,  and  water,  as  shown  by  the  following  equation : 

SHNO,  «   HN0,+  2N0  +  H,0, 

The  nitrites  are  generally  crystallisable  and  soluble  in  water,  the  silver  and  lead 
salts  being  the  least  soluble ;  when  heated  they  melt,  and  on  raising  the  temperature 
they  are  decomposed,  giving  off  a  mixture  of  oxygen  and  nitrogen.  An  acidulated 
eolution  of  a  nitrate  acts  both  as  a  reducing  and  as  an  oxidising  agent.  Permanganic 
atid  is  at  once  reduced  iu  this  way,  as  well  as  chromic  acid,  salts  of  gold  and  mercury, 
«tc.  On  the  contrary,  iodine  is  liberated  from  potassium  iodide  by  an  acidulated 
solution  of  a  nitrite,  ferrous  salts  are  converted  into  ferric  salts,  and  indigo  is  bleached 
by  oxidation.    Nitrites  frequently  occur  in  water  contaminated  by  surface  drainage. 


FosicuLA  NO,  OB  N2O4.    MoLBCULAB  Wexoht  23  OB  46. 

Compositioii. — This  substance  contains  nearly  seven-tenths  of  its  weight  of 
oxygen,  the  nitrogen  being  combined  with  twice  its  volume  of  oxygen,  and  the  joint 
volume  of  the  constituent  gases  is  condensed  to  one-third  by  their  combination. 

Cbaraeters. — ^At  the  ordinary  temperature  nitrogen  peroxide  is  an  orange- 
coloured  liquid,  having  a  specific  gravity  of  1'45.  When  cooled,  the  colour  fades  and 
it  becomes  greenish  or  even  quite  colourless,  and  at  a  very  low  temperature  it  crystal- 
lises. It  boils  at  22°,  giving  off  reddish-brown  vapour,  which  becomes  darker-coloured 
when  heated  somewhat  above  that  temperature,  and  at  40°  almost  black.  The  density 
of  the  gas  as  compared  with  hydrogen  is  38*3  at  26*7^>  but  at  135°  it  is  onl^  23. 

Nitrogen  peroxide  is  decomposed  by  water,  forming  nitrous  acid  and  nitric  add,  as 
shown  by  the  following  equation: 

2N0,-hH,0    -    HNO,  +  HNO,. 

When  liquid  nitrogen  peroxide  is  gradually  mixed  with  water  the  liquid  be- 
comes blue,  then  green,  ana  lastly  orange-coloured,  nitric  oxide  being  evolved  and 
nitric  add  formed, 

SNO^O   =   N0-H2HN0,. 

Nitrogen  peroxide  is  decomposed  by  basic  oxides,  such  as  potash,  forming  nitrate 
and  nitrite, 

2NO,-H2KHO    m   KNO,  +  KNO,  +  H,0. 

The  gas  has  a  suffocating  odour;  it  does  not  extinguish  the  flame  of  a  taper ;  it  is 
not  decomposed  at  a  moderate  red-heat ;  but  heated  phosphorus  or  carbon  abstract 
oxygen  from  it — potassium  does  the  same  at  the  ordinary  temperature. 

Vrepamtloii. — ^By  heating  dry  lead  nitrate  in  a  glass  retort  or  fiask,  dark-red 
vapour  is  given  ofi^  consisting  of  a  mixture  of  the  peroxide  with  oxygen  gas  ;  and  by 
passing  the  dry  vapour  through  a  cooled  tube  the  peroxide  is  condensed.  The  reac- 
tion is  rqirasented  by  the  following  equation : 

2(Pb2NO,)    =    2PbO  +  4NO,  +  20. 
O^mynrtf — ^Nitrogen  peroxide  does  not  form  saline  oompoonds ;  but  it  com* 
biiMi  with  ra^uzic  add|  formiDg  a  crystalline  substance. 
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FoBMui^  NjOj.     MoLBCuiAB  Weioht  108. 

Ckmipositloii. — This  substance  contains  nearly  three-fourths  of  its  weight  of 
oxygen,  and  it  is  very  unstable,  decomposing  gradu^y  at  the  ordinar}'  temperature. 

Obaimeters* — ^Nitrogen  pentoxide  is  colourless  and  crystalline,  melts  at  30°,  and 
boils  at  45^.  It  has  a  powerful  action  on  oxidisable  substances,  such  as  sulphur,  phos- 
phorus, etc. 

Preparatton. — By  passing  dry  chlorine  gas  over  dry  crystals  of  silyer  nitrate 
heated  to  about  90®,  and  lowering  the  temperature  when  decomposition  commences,  a 
compound  of  nitric  peroxide  and  chlorine  is  formed,  as  shown  by  the  following  equation : 

AgNO,  +  a    =  AgCl  +  NO,Cl  +  0. 

This  substance  then  acts  upon  the  undecomposed  silver  nitrate,  forming  nitrogen 
pentoxide. 

N0,01+4gN0,   «   Aga  +  N,0,- 

Compounds. — ^Nitrogen  pentoxide  combines  with  water,  forming  hydrqgen 
nitrate  or  nitric  acid,  w&ch  is  the  representative  of  a  series  of  saline  compounds 
called  nitrates. 

^0.}0.=}0    -     2-0^.}0. 

The  nitrates  are  mostly  soluble  crystallisable  salts  ;  some  few  are  decomposed  by 
water  into  basic  salts  that  are  insoluble  or  sparingly  soluble  in  water.  By  heat 
nitrates  are  readily  decomposed,  either  giving  off  oxygen  and  being  converts  into 
nitrites,  as  in  the  case  of  the  potassium  salts,  or  yielding  nitrogen  peroxide  and 
oxygen,  as  in  the  case  of  lead  nitrate.  Other  nitrates,  like  bismuth  and  aluminum 
nitrates,  give  off  nitric  acid  even  when  moderately  heated. 

When  nitrates  are  heated  with  oxidisable  substances  in  the  dr^  state,  they  de- 
flagrate or  are  decomposed  with  explosive  violence,  and  their  oxygen  is  transferred  to 
the  substance  mixed  with  them :  thus,  for  instance,  carbon  is  converted  into  carbon 
dioxide,  sulphur  into  sulphuric  oxide,  and  these  acid  oxides  combine  with  the  basic 
oxide  of  the  nitrate  used,  forming  carbonate  or  sulphate. 

Nitrates  occur  abundantly  in  the  soil  of  some  parts  of  India  and  South  America, 
and  they  are  formed  by  the  gradual  oxidation  of  nitrogenous  organic  substances  in 
contact  with  chalk,  limestone,  or  other  earthy  materials  capable  of  forming  bases. 
The  potassium,  sodium,  and  calcium  gaits  are  the  most  abundant.  Magnesium  nitrate 
sometimes  occurs  in  water. 


Formula  HNO,.    Molbcuulb  Wkioht  63. 

Bletory.— The  first  description  of  the  preparation  of  nitric  acid  was  given  by 
the  Arabian  chemist  Geber,  towards  the  end  of  the  eighth  century.  He  called  it 
generally  (iqua  difisoluiiva,  and  sometimes  aqtia  fortis.  Glauber  was  the  first  to  give 
it  the  name  spiritus  acidus  nitri,  which  appellation  was  changed  in  the  eighteenth 
century  to  actdum  nitricum  and  nitric  acid. 

The  characters  of  nitric  acid  were  studied  by  GFeber,  and  afterwards  by  Boyle, 
Mayer,  Bergmann,  and  others.  The  knowledge  of  its  composition  is  due  to  Cavendish, 
who  in  1784  prepared  nitric  acid  by  the  direct  combination  of  nitrogen  and  oxygen 
by  means  of  the  electric  spark. 

ITie  first  directions  for  preparing  nitric  acid  on  a  large  scale,  by  distilling  a  mixture 
of  clay  and  saltpetre,  were  given  by  Raymond  Lully  in  the  thirteenth  century. 

Oooorrence. — Nitric  acid  docs  not  occur  to  any  extent  naturally  in  the  free  state. 
Since  it  is  a  very  strong  acid,  it  expels  weaker  acids  from  their  compounds  and  forms 
nitrates.  The  nitrates  most  often  met  with  are  those  of  potassium,  sodium,  calcium, 
and  magncKJum.  Small  quantities  of  ammonium  nitrate  are  always  present  in  the 
air,  this  salt  being  formed  partly  during  thunderstorms,  by  the  action  of  lightning 
upon  the  nitrogen,  oxygen,  and  water  of  the  air,  and  partly  bv  the  ^^adual  oxidation 
of  ammonium  nitrite,  small  quantities  of  which  are  formed  by  the  burning  of  most 
nitzogenouB  organic  substances. 
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—In  its  most  oonoentzated  fonn,  nitric  acid,  or  hydrie  nitrate, 
witmnw  moire  than  three-fourths  its  weight  of  oxygen ;  its  oonstitntion  is  represented 

in  aooardance  with  the  water  type,  by  the  formula     ^g  [  0. 


iitric  acid  is  an  extremely  corrosive  liquid,  faming  in  the  air,  and 
an  izritatinf  smelL  When  pore,  it  is  colourless ;  but  it  assumes  a  yellow 
o^oor  yeiy  quickly  when  exposed  to  the  light,  owing  to  the  formation  of  nitroffen 
pezozide.  When  mixed  with  water  this  decomposition  does  not  take  place  so  readily. 
At  a  temperature  of  —50°  nitric  acid  becomes  solid;  it  boils  at  86°,  but  does  not 
distil  without  partial  decomposition.  When  passed  through  a  porcelain  tube  heated 
to  redness,  nitnc  acid  is  for  thegreater  part  decomposed  into  nitrogen  peroxide,  oxygen, 
and  water ;  at  a  still  higher  temperature  nitrogen  is  liberated,  and  some  nitric  oxide 
is  formed.  Nitric  acid  at  0°  has  a  specific  gravity  of  1*559 ;  at  15°  a  specific  gravity 
of  1*530.  The  specific  gravity  of  an  aqueous  solution  of  the  acid  decreases  with  the 
amount  of  water,  hence  it  is  easy  to  determine  the  relative  strength  of  solutions  of 
nitzie  acid  from  their  specific  gravity.  The  following  table  shows  the  percentage  of 
nitrie  anhydride  and  nitric  add  monohydrate  in  solutions  of  nitric  ada  of  different 
specific  gravities  at  a  temperature  of  15°. 


^Mcific 

Nitric 

Nitric 

Specific 

Nitric 

Nitric 

Gr&Tity 

Monohydrate 

Anhydride 

Grarity 

Uonohydrate 

Anhydride 

1-630 

100-00 

85-71 

1-368 

68-88 

50-47 

1-629 

99-52 

85-30 

1-363 

68*00 

4971 

1-623 

97-89 

83*90 

1-358 

5700 

48*86 

1*620 

9700 

83-14 

1*353 

66-10 

48-08 

1*616 

96-00 

82*28 

1*346 

6500 

47*14 

1-514 

95-27 

81*66 

1*341 

5400 

46*29 

1-509 

9400 

80-57 

1-339 

63-81 

4612 

1-506 

9301 

79*79 

1*335 

63  00 

46-40 

1-503 

9200 

78-86 

1*331 

62-33 

44-55 

1-499 

91-00 

7800 

1-323 

60-99 

43-70 

1-496 

9000 

7716 

1*317 

49*97 

42*83 

1*494 

89-56 

76*77 

1-312 

4900 

4200 

1-488 

88*00 

75*43 

1-304 

48-00 

41-14 

1-486 

87-46 

74-59 

1-298 

47-18 

40*44 

1-482 

86-17 

73-86 

1-295 

46-64 

39-97 

1*478 

Q500 

72-86 

1-284 

45-00 

38-57 

1*474 

8400 

7200 

1-274 

43-53 

37-31 

1*470 

8300 

7114 

,     1-264 

42-00 

36*00 

1*467 

8200 

70*28 

1*257 

41*00 

35*14 

1*463 

80-96 

69-39 

1-251 

4000 

34*28 

1*460 

80  00 

68-67 

1*244 

3900 

33-43 

1*456 

7900 

67*71 

1237 

37*95 

32  63 

1-451 

77-66 

66-66 

1-225 

36-00 

30-89 

1-445 

7600 

6614 

1*218 

35-00 

29-29 

1*442 

7500 

64*28 

1-211 

33-86 

2902 

1-438 

74-01 

63-44 

1*198 

32-00 

27  43 

1*435 

7300 

62-57 

1-192 

31*00 

26-57 

1-432 

72-39 

62*05 

1-185 

30*00 

25*71 

1*429 

71*24 

61*06 

1179 

20-00 

24  85 

1*423 

69-96 

6000 

1*172 

28*00 

2400 

1*419 

69-20 

59*31 

1-166 

27*00 

23*14 

1-414 

6800 

58-29 

1-157 

26-71 

2204 

1*410 

67-00 

57-43 

1138 

23-00 

19-71 

1-405 

66  00 

66*67 

11 20 

2000 

17-14 

1-400 

6607 

6677 

1*105 

17*47 

14*97 

1-395 

6400 

54*85 

1089 

1500 

12*85 

1-393 

63-59 

64  50 

1-077 

1300 

11-14 

1*386 

6200 

63-14 

1067 

11*41 

9*77 

1*381 

61*21 

62*46 

1-046 

7-22 

6*62 

1*374 

60-00 

61*43 

1022 

4  00 

3*42 

1-372 

69-59 

61*08 

1010 

200 

1*71 

44 
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The  following  table  shows  the  percentage  of  nitric  monohydrate  and  nitric  an- 
hydride in  nitric  acid  solutions  of  different  degrees  Baumi,  and  at  a  temperature  of  16^. 


DogreM 

Nitric 

Nitric 

DeEprees 

Nitric 

Nitric 

Banm6 

Konohydrate 

Anhydride 

Batuni 

Konohydrate 

Anhydride 

0 

0-2 

01 

26 

36-6 

30*4 

1 

1-6 

1-3 

27 

370 

31-7 

2 

2-6 

22 

28 

38-6 

331 

,3 

40 

3-4 

29 

40-2 

34-5 

4 

61 

44 

30 

41-5 

36-6 

6 

6-3 

6-4 

31 

43-6 

37-3 

6 

76 

6-5 
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25 
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When  nitric  monohydrate  is  mixed  with  water,  heat  is  set  free,  and  the  mixture 
thus  obtained  has  a  higher  boiling  point  than  the  pure  monohydrate.  Upon  distil- 
ling a  mixture  of  nitric  monohy^te  and  water,  in  which  the  proportion  of  water  is 
relatiyely  small  compared  with  the  acid,  a  stronger  acid  passes  over  at  first,  and 
there  remains  behind  a  more  dilute  acid,  the  boiling  point  of  which  remains  constant 
at  123^.  On  the  other  hand,  if  a  mixture  of  nitric  acid  with  much  water  be  distilled, 
the  first  portions  of  the  distillate  consist  of  nearly  pure  water,  concentrated  acid 
remaining  behind  in  the  retort  Upon'  continuing  the  distillation,  the  boiling  point 
rises  to  123°,  and  then  remains  constant,  as  in  the  former  case.  The  acid  which  thus 
distils  orer  has  a  specific  gravity  of  1*42,  and  has  a  composition  corresponding  to 
the  formula  (2HNO,,3H20).  This  applies,  however,  only  to  a  distiUation  under  the 
ordinary  .pressure,  diange  of  pressure  influencing  the  composition  of  the  distillate. 

The  most  important  property  of  nitric  acid  is  the  oxidising  action  which  it  exerts 
in  virtue  of  its  capacity  of  yielding  up  to  other  bodies  a  portion  of  its  oxygen.  Thus, 
nitric  acid  easily  oxidises  carbon  to  carbonic  acid,  sulphur  and  sulphurous  acid  to 
sulphuric  acid,  and  the  metals  to  oxides,  etc.  The  extensive  application  of  nitric  acid 
to  industrial  purposes  is  chiefly  owing  to  its  oxidising  property. 

Another  important  property  of  nitric  acid  is  its  nitrifying  action,  i.e.,  its  property 
of  replacing  the  hydrogen  of  certain  organic  compounds  by  NO,.  An  example  of  the 
kind  IS  found  in  the  case  of  the  preparation  of  gun-cotton,  formed  by  treating  cotton 
(cellulose)  with  strong  nitric  acid : 

C,H,oO,  +  3^^«|0  -  C,HXNO,),0,  +  3HjO. 

Testing  qfJSiirio  And. — The  strength  of  nitric  acid  is  ascertained  irom  its  specific 
gravity.  It  is  also  necessary  to  test  nitric  acid  for  certain  impurities  with  which  it  is 
always  liable  to  be  contaminated.  Thus  a  yellowish  colour  may  be  due  either  to  the 
mesenee  of  nitrogen  peroxide  or  to  the  piresence  of  compounds  of  chlorine  or  iodine. 
The  presence  of  nitrogen  peroxide  is  detected  by  dropping  into  a  small  quantity  of  the 
add,  in  a  test-glass,  a  few  drops  of  a  solution  of  potassium  permanganate,  the  colour 
of  which  is  discharged  if  mtrogen  peroxide  be  present.  Chlorine  is  found  by 
diluting  a  small  quantity  of  the  add,  and  adding  a  orop  of  a  solution  of  silver  nitrate, 
vbich  gives  a  curdy  predpitate  if  chlorine  be  present.    Free  iodine  is  detected  with 
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rtuch  pwU,  or  b;  ihakiDg  the  diluted  acid  vith  carbon  bimlphide,  wbidi  assimies  a 
nd  tint  if  tne  iodioe  bs  pr«B«tiL  Sulphoric  acid  is  datectod  by  dilutiog  the  nitric 
add  lerj  conaiderablj  with  water,  and  then  adding  a  small  quantity  of  a  Bolution  of 
barium  □ilrale,a  vhil«predpit&te  iadicatJngthepreasDce  of  sidphimc  acid.  Further, 
nitric  acid  ought  not  to  leave  a  residua  irbea  erapocated  upon  a  watch-glasa  or  oo 
plHtimunfoil;  a  reeiilue  inauch  ease  would  indicate  the  presence  of  subBtaacea,  audi  aa 
■odiom  lolphate,  witb  vhicb  nitric  acid  may  be  coDtamiiiated  by  Uie  spirting  of  the 
'    'n  the  process  of  diitiltation. 

itric  acid  is  prepared  on  a  small  scale  bj  distiUing  a  nurture 
of  equal  parts  of  saltpetre  and  aulphuric  add  in  a  retort.  The  following  eguatjon 
tepreaents  the  change  that  takes  pUce : 


KO, 


"rf!° 


SO, 


O,        c 


a}».  ♦  "S!" 


Od  the  large  scale  the  same  materials  are  naed,  but  Chili  Balh>etre  (aodiunt  nitrate) 
is  generallj  aubatitBted  for  potasaiiim  nitrate,  the  proportions  in  which  these 
mateiUla  are  used  being  116  parte  of  Cbili  saltpetre  to  104  parte  of  salpburie  acid. 
When  a  weaker  acid  is  reqnired,  solphnric  acid  of  sp.gr.  ISSlisuaed,  but  thequantitj 
taken  must  be  larger  in  proportion  to  the  degree  of  dilution. 

Dutillatioii  of  yuric  Acid. — In  the  distillaUon  of  nitric  acid,  ^llei?  fumseea  are 
often  emplojed,  in  which  a  number  of  glass  retorts  charged  with  the  mixture  of 
saltpetre  and  sulphuric  acid  are  heated  in  sand  baths,  the  distJUate  being  eoUecUd  in 
qiacicFns  nceivera  of  glass. 

According  to  another  process,  the  appntatos  represented  by  flg.  12  is  osed.  o  U  a 
ntdit  of  cast  icon  about  four  feet  in  diameter  and  three  feet  deep,  with  an  opening 
■bore  for  admitting  tbe  mixture  of  saltpetre  and  •olpbtuie  acid.    This  opening  u 
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eloaad  with  a  lid,  !s<ad  on  with  clay  and  gypsum.  The  fumaca  ia  also  closed  with  a 
lid  (in).  The  retort  is  connected  with  the  receivers  hj  means  of  an  iron  tube  lined 
with  day,  and  a  glass  adapter  (d^.  The  condaosers  consist  of  a  uumbeF  of  stoneware 
bottles  (B,  ■*,  ■'',  etc),  connected  with  one  another  by  means  of  stoneware  tubes  (c,  F*,  y, 
rte.)  Each  of  the«e  iMttles  holds  frem  forty  to  ^v  gallons,  and  ii  Ibmished  with  a 
cock  below  for  running  off  the  add,  as  well  as  with  an  opening  above  closed  by  a 
stepper,  through  which  the  height  of  the  acid  in  the  jar  may  be  ascertained,  or  water 
p.Kirod  in.  A  condensing  arrangement  of  this  kind  consists  of  ten  or  twelve  bottles, 
the  first  few  of  wbicb  are  left  empty,  while  the  last  ones  of  the  series  contain  a  small 
^oantitj  of  water  for  the  complete  absorption  of  the  nitric  add  Tapoure.  The  retort 
H  heated  by  means  of  the  fumnce  (e),  the  heated  air  surrounding  the  retort  on  all 
•idee,  and  escaping  through  the  fine  l  h.  At  the  beginning  of  theproceas  the  damper 
at  the  farther  end  of  the  flue  is  so  placed  that  the  hot  air  is  compelled  to  pass  through 
the  fine  v.  ^lis  is  done  bo  aa  to  varm  the  fleet  few  stone  receivers,  whereby  U* 
luk  of  thrir  aaeking  when  the  hot  nitric  vapours  are  admitted  is  avoided.    As  sooa 
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as  the  nitric  acid  in  the  first  few  botUee  has  attained  a  height  of  from  three  to  five 
inches,  the  damper  is  so  placed  that  the  hot  air  escapes  through  the  fine  l.  If  con- 
centrated sulphuric  acid  has  been  employed,  the  first  products  of  distillation  are  of  a 
reddish  brown  colour,  owing  to  the  great  excess  of  sulphuric  acid  at  the  beginning  of 
the  operation  decomposing  a  portion  of  the  nitric  add  into  nitrogen  peroxide,  ox3rgen, 
and  water.  In  proportion,  however,  as  the  sulphuric  acid  is  saturated  by  its  action  upon 
the  saltpetre,  the  rud  vapours  gradually  disappear,  until  towards  the  end  of  the  process, 
when  they  are  again  produced,  owing  to  a  decomposition  that  will  be  described  when 
treating  of  fuming  nitric  acid  (p.  48).  It  is  easy  to  judge  of  the  progress  of  the 
distillation  by  observing  the  colour  of  the  vapours  passing  through  the  gli^  tube  f  d). 

Formerly,  and  oven  now  in  some  places,  the  distillation  was  conducted  in  cast-iron 
retorts  placed  in  a  horizontal  position,  and  furnished  above  with  a  lining  of  fire-bricks 
as  a  protection  against  the  acid  vapours.  Two  such  retorts  are  heated  by  a  single 
furnuce,  the  condensation  being  effected  by  an  arrangement  similar  to  that  shown  in 
fig.  12. 

At  the  end  of  the  operation  the  residue  in  the  retort,  after  cooling,  contracts,  and 
is  taken  out  When  oroinary  saltpetre  has  been  used,  it  is  worked  for  potassium  sul- 
phate, or  when  Chili  saltpetre  has  been  employed,  for  neutral  sodium  sulphate.  The 
residue  can  a^  be  employed  in  the  preparation  of  fuming  sulphuric  acid.  In  order 
to  save  time  when  retorts  are  used,  the  residue  may  be  removed  without  waiting  until 
it  has  cooled.  To  effect  this,  it  is  only  necessary  to  furnish  the  lid  of  the  retort  at  its 
lowest  point  with  a  small  opening  closed  with  a  stopper  or  plug,  which  is  cemented 
in  with  a  luting  of  clay  during  the  heating.  Upon  removal  of  the  stopper  directly 
the  distillation  is  over,  the  molten  residue  fiows  out,  and  the  retort  can  be  charged 
again  immediately. 

The  preparation  of  nitric  acid  as  well  as  soda  from  Chili  saltpetre  may  be  effected, 
according  to  M.  Walz,  by  mixing  the  saltpetre  intimately  with  chalk,  and  heating 
such  mixture  in  a  retort,  in  a  current  of  steam,  when  nitric  acid  distils  over,  and  is 
collected  in  receivers  of  the  usual  form. 

Bleachit^  of  NUric  Acid, — ^The  crude  distillate  is  always  coloured  yellow  by  nitrogen 
peroxide.  To  remove  this  the  raw  acid  is  heated  in  vessels  having  the  form  shown 
m  fig.  13,  placed  in  a  water  bath  that  can  be  heated  to  80^  or  85°,  until  no  further 
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evolution  of  coloured  vapour  is  observed.  The  vapour  escaping  is  passed  through 
a  tube  into  a  cool  carboy,  where  a  small  quantity  of  liquid  acid  collects,  and  finally 
it  is  discharged  into  the  air,  or  into  lead  chambers  for  the  production  of  sulphuric 
acid. 

Direct  Preparation  of  Bleached  Acid. — Since  brown  vapours  are  formed  only  at  the 
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bsginning  and  end  of  the  process,  it  is  possible  to  separate  such  coloured  products 
from  the  colourless  portion  by  a  simple  fractional  distillation.    For  this  purpose  the 
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f|Un  sdmptar  {d  ,  fig.  14)  tbiongh  which  the  vsponre  eae&pe  faun  th«  diitilliiig  vsnel, 
u  MDiwcled  mtb  >  Btooewani  cock  (o)  m>  coDBtractod  that  bj  tomiag  the  cock  (o)  tha 
tiponrs  paia  either  through  A  or  A',  and  are  conducted  into  difiarent  recsiTsrs,  one 
•erring  for  the  coloured  and  the  other  for  the  colourless  products.  The  sagiB  end  is 
■UainMl  bj  the  amngemeDt  shown  by  fig.  IS.  One  of  the  Umbg  of  a  three-limbed 
late  (k  k'}  flta  ortir  the  end  of  the  glasB  a&ptar  of  the  diHtiUing  Teeeel,  and  admits  of 
baing  turned  ■□  tliat  the  two  other  limba  tire  reapectiTelj  railed  or  lowered,  and  the 
TBpoun  puaaing  throagb  them  paBaed  into  one  or  other  of  two  receiTen,  one  of  which 
recaiTaa  the  coloured,  the  other  the  coloorleaii  vapoun.  During  the  time  that  the  one 
limb  of  the  Inte  (kk')  is  lowered  and  pluced  in  connection  with  the  receiTer,  the  other 
«m1  ii  closed  with  a  glius  plug.  By  the  use  of  either  of  the  above  arraugementa  an 
•dd  ma;  be  obtained  which  can  be  sent  direct  into  the  market. 


ti  Cmdeiuinff  AppanUva  of  MM.  Devat  aiid  Pliuon. — This  ia  ehown  in 

L  ia  a  glaas  adapter,  through  which  the  nitric  acid  TKpoors  from  the 

geoeratora  (in  this  case  caat-iron  retorts)  escape.    The  end  of  the  adaptor  is  luted 


««.    18. 


which  is  ahorter  than  the  inner,  thua  prerentjiig  the  complete  emptjing  of  the  carboy, 
and  foitutug  an  hydraulic  joint,  fiom  Btha  acid  flows  into  aoolher  vessel  (b)  beneath 
it.  The  earboys  (c  u  p  h)  have  the  name  construction  as  b,  and  the  acid  condensed  in 
them  flows  through  Uie  syphons  into  a  stoneware   tube,  and  finally  collects  io  a 


r  (o).    The  upper  part  of  the  carboy  (bJ  is  furnished  with  a  funnel  of  the  fori 
in  fig.  17,  wEiich  admits  of  water  being  poured  into  the  carboy.    Coniea] 


re  with  funnels  (fp)  of  the  m 


le  conatraction  as  that  shown  in  flg.  17.  fit  into  th* 


>,  placed  abore  c,  throng  n  ■  p  o  s  a. 
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The  vapours  are  thereby  compelled  to  traverse  a  long  distance,  "which  secureB 
their  complete  condensation.  The  condensed  acid  flows  from  the  upper  vessels  d  d  o  o 
into  the  lower  ones  c  e  y  h,  and  from  thence  into  the  receiver  o.  The  concentration, 
as  well  as  the  condensation,  of  the  acid  may  be  regulated  by  pouring  small  quantities 
of  water  or  very  dilute  acid,  at  intervals,  through  the  funnels  p  p.  The  uncondensed 
vapour  passes  from  the  last  carboy  h  into  the  throe  carboys  i  f  i",  filled  with  pieces  of 
moist  pumice  and  placed  one  above  another.  For  the  condensation  of  the  last  traces  of 
vapour,  it  can  be  passed  from  the  carboy  i'  into  a  stoneware  worm  condenser  J,  through 
which  a  current  of  cold  water  is  allowed  to  flow  downwards  from  the  cock  m,  passing 
over  the  pieces  of  pumice,  which  it  keeps  constantly  moist.  The  moist  pumice 
favours  the  action  of  oxygen  upon  the  vapour  of  nitrogen  peroxide,  formed  at  the 
beginning  and  end  of  the  operation,  and  causes  its  reconversion  into  nitric  acid,  which 
collects  in  the  vessel  n  below. 

This  condensing  apparatus  has  the  great  advantage  that  it  requires  emptying  and 
reconstruction  much  less  frequently  (every  two  or  four  weoks^,  and  thereby  saves 
labour.  At  the  same  time  the  consumption  of  luting  is  considerably  loss,  and  the 
vapours  are  more  thoroughly  condensed  than  in  any  other  form  of  apparatus  at 
present  employed. 

The  amount  of  acid  obtained  by  the  use  of  this  apparatus  is  120  or  130  parts, 
containing  50  per  cent,  of  nitric  monohydrate  for  every  100  parts  of  Chili  saltpetre. 

The  complete  puriflcation  of  nitric  acid  from  unavoidable  admixture  of  sodium 
sulphate,  chlorine,  etc,  is  effected  by  submitting  it  to  a  further  distillation,  one  or 
two  per  cent,  of  lead  nitrate  being  previously  mixed  with  the  acid  to  effect  the  re- 
tention of  both  impurities. 

Fwmmg  Nitrie  Acid. — ^When  a  mixture  of  saltpetre  and  sulphuric  add  in  equiva- 
lent proportions  is  distilled,  the  distillate  does  not  consist  of  an  acid  so  pure  as  that 
obtained  by  distilling  the  saltpetre  with  two  equivalents  of  sulphuric  acid,  but  is  a 
mixture  of  nitrogen  peroxide  and  nitric  acid,  which  bears  the  name  of  faming  nitric 
acid.  The  formation  of  the  large  quantities  of  nitrogen  peroxide  depends  upon  the 
fact  that  in  the  first  stage  of  the  process  acid  potassium  sulphate  and  nitric  mono- 
hydrate  are  formed  (vide  p.  45).  When  the  temperature  is  raised  to  220°,  the  acid 
potassium  sulphate  is  decomposed  into  neutral  potassium  sulpliato  and  sulphuric  acid, 
which  acts  upon  the  saltpetre  present  in  the  retort.  The  nitric  acid  thus  set  free  is 
partly  decomposed  at  this  elevated  temperature  into  oxygen  and  nitrogen  peroxide, 
which  passes  over  with  the  distillate,  and  is  absorbed  by  the  nitric  acid. 

Bed  fuming  nitric  acid  must  therefore  be  considered  as  a  mixture  of  nitric  acid 
and  nitrogen  peroxide.  It  is  extremely  corrosive  and  exerts  a  very  energetic  oxidising 
action.  When  slightly  heated  it  gives  off  nitrogen  peroxide,  a  reaction  which  serves 
for  the  preparation  in  the  pure  state  of  this  substance.  Upon  gradually  mixing  red 
fuming  nitric  acid  with  water,  its  colour  passes  through  various  shades  from  reddish 
yellow  to  green  and  blue,  and  when  enough  water  has  been  added,  it  finally  becomes 
colourless.  These  changes  of  colour  are  due  to  the  transitory  formation  of  blue 
nitrous  add  by  the  action  of  water  upon  nitrogen  peroxide.  At  the  same  time  red 
vapours  escape  which  owe  their  origin  in  part  to  the  oxidising  action  of  the  air  upon 
nitric  oxide  formed  by  the  reaction,  and  in  part  either  to  the  direct  formation  of 
nitrous  acid  or  to  the  evaporation  of  nitrogen  peroxide. 

Brunner^s  method  of  preparing  red  fuming  nitric  acid  consists  in  distilling  salt- 
petre with  an  equal  weignt  of  siUphuric  acid  and  8^  per  cent,  of  starch,  which  de- 
composes some  nitric  acid  and  produces  nitrogen  peroxide. 

Vses. — ^Nitric  add  owes  its  large  consumption  partly  to  its  powerful  oxidising 
and  dissolving  action,  and  partly  to  its  nitnfying  properties.  It  is  extensively 
used  in  the  preparation  of  sulphiiric  acid,  in  preparing  chemically  pure  phosphoric 
acid  from  phosphorus,  also  in  preparing  iodic  and  arsenic  adds.  It  is  used  for 
etching  bronze,  brass,  and  copper,  for  separating  gold  from  silver;  further,  by 
engravers  for  etching  copper  plates ;  in  the  preparation  of  aqua  regia,  the  latter 
serving  as  a  solvent  for  gold,  platinum,  etc.  Nitric  acid  is  also  employed  in  the 
preparation  of  various  nitrates,  such  as  silver  (lunar  caustic  of  the  surgeon),  mer- 
cury, copper,  and  lead  nitrates;  in  the  preparation  of  tin  chloride,  the  neutral  and 
basic  nitrates  of  bismuth  ;  in  the  manufsicture  of  pure  oxalic  acid,  gun-cotton,  nitro- 
glycerine, and  nitrobenzol,  the  substance  from  which  aniline  colours  are  prepared  ; 
nitric  add  is  also  used  in  the  preparation  of  anthraquinone,  from  which  artificial  aliza- 
rine is  obtained ;  in  the  preparation  of  phthalic  acid,  nitromannite,  Martin's  yellow, 
and  picric  acid.  Nitric  acid  is  tother  used  for  colouring  silk,  wool,  and  other  animal 
substances,  for  the  conversion  of  starch  into  dextrin,  for  the  decomposition  of  indigo 
in  cotton-printing,  for  preparing  iron  liquor  (rouiUe)  used  for  colouring  silk  blade, 
etc 
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Aaua  RegiOy  or  nitro-muriatic  acid,  is  prepared  by  mixing  nitric  acid  with  four  times 
its  ▼olume  of  hydrochloric  acid.  It  is  a  solvent  for  a  number  of  metals,  such  as  gold, 
iridium,  platinum,  etc.,  which  are  not  attacked  by  the  strongest  acids.  The  action  of 
thii  mixture  is  due  to  the  presence  of  free  chlorine,  which  is  liberated  on  heating, 

HNO,+   3HC1  -  NO  +  2HjO  +   3C1. 

The  liberated  chlorine  combines  with  the  metal  to  be  dissolved,  forming  with  it  a 
chloride. 

Under  certain  conditions  aqua  regia  exerts  an  oxidising  action ;  thus  by  its  means 
sulphur  is  oxidised  to  sulphuric  add,  arsenic  to  arsenic  acid,  etc. 

Upon  heating  aqua  regia  and  collecting  the  vapours  evolved,  the  first  product 
which  distils  over  consists  of  nitric  oxydichloride,  NOCl^,  a  substance  boiling  at  7°, 
and  afterwards  a  product  passes  into  the  receiver  having  a  composition  represented 
by  the  formula  NOCI,  and  termed  nitrous  oxychloride. 


Formula.  NH,.    Moleculab  Weight  17. 

fm — ^This  substance  was  certainly  known  as  early  as  the  thirteenth  century, 
a  solution  of  it  haying  been  prepared  from  urine  by  Raymond  Lully.  A  similar 
solution  has  long  been  known  under  the  name  ofspiritsofhartshorn.  The  capability 
of  forming  saline  compounds  with  acid,  which  constitutes  the  analogy  between 
ammonia  and  the  mineral  alkalies,  was  also  known  to  the  ancient  chemists.  In  the 
gaseous  state  ammonia  was  first  obtained  and  described  under  the  name  of  alkal  i  n  e 
air  by  Priestley  in  1774.  Bergman  gave  it  the  name  ammonia  in  1782  on  account 
of  its  oAvizig  besn  obtained  from  sal  ammoniact  which  was  prepared  by  the  distillation 
of  camels'  £ing  near  the  temple  of  Jupiter  Ammon  in  Egypt.  The  composition  of 
ammonia  was  ascertained  by  Berthollet  in  1785. 

Oceoirenee* — Ammonia  does  not  occur  naturally  in  the  free  state.  Combined 
with  carbonic  acid,  and  sometimes  with  nitrous  or  nitric  acids,  it  exists,  in  small 
proportion,  in  the  atmosphere.  It  is  also  met  with,  probably  in  the  state  of  chloride, 
in  sea  water,  and  in  the  water  of  many  springs.  In  volcanic  districts  ammonia  occurs 
abundantly  in  the  state  of  chloride,  and  considerable  quantities  of  the  carbonate  are 
sometimes  found  in  deposits  of  guano.  At  the  present  time,  however,  the  chief  source 
of  ammonia  is  the  gas  liquor  obtained  in  the  distillation  of  coal  for  the  preparation 
of  illuminating  gas.  In  all  cases  of  the  decomposition  of  carbonaceous  materials 
containing  nitrogen,  either  by  putrefaction  or  destructive  distillation,  ammonia  is 
found  among  the  products. 

The  presence  of  a  small  proportion  of  ammonia  in  the  atmosphere  is  of  great  im- 
portance for  agriculture,  since  ammonia  is  essential  for  the  nutrition  of  plants,  and 
owing  to  its  solubility  it  is  washed  out  by  dew,  rain,  etc.,  falling  on  the  earth's  surface. 
The  ammonia  in  the  air  is  generally  combined  with  nitrous  acid,  which  is  formed  in 
considerable  quantities  during  thunderstorms  by  the  electric  discharges.  Whether 
the  ammonia  in  the  air  is  also  itself  produced  in  part  by  electricity,  or  whether  the 
ammonium  nitrite  is  formed  by  the  combination  of  already  existing  ammonia  with 
nitrons  acid,  is  not  determined.  At  any  rate,  a  number  of  chemical  processes  taking 
phice  upon  the  earth  give  rise  to  the  formation  of  considerable  quantities  of  ammonia, 
as,  for  instance,  the  putre&ction  of  nitrogenous  organic  materials  such  as  animal  re- 
mains. Traces  of  anunonia  are  also  contained  in  the  air  exhaled  from  the  lungs  of 
animals. 

Coaipostttoii. — ^Ammonia  contains  rather  more  than  four-fifths  of  its  weight  of 
nitrogen,  and  nearly  one-fifth  its  weight  of  hydrogen.  The  hydrogen  it  contains  has, 
in  the  free  state,  a  UOTmal  volume  tluree  times  that  of  the  nitrogen. 

ChanMters. — ^Ammonia  is  gaseous  at  the  ordinary  temperature :  and  therefore 
it  is  represented  as  a  compound  of  three  atomic  proportions  of  hydrogen  with  one 
atomic  proportion  of  nitrogen,  and  the  joint  volume  of  its  constituents  in  the  free  state 
is  condensed  to  one  half;  its  density  is  8*5  times  that  of  hydrogen.  Its  specific  gravity 
(air  iB  1)  is  0*5893.  It  can  be  converted  into  the  liquid  state  either  by  the  application 
of  a  pressure  of  from  6  to  7  atmospheres,  or  by  cooling  to  a  temperature  of  >-  40°.  At 
a  temperature  of  —80°  it  assumes  a  crystalline  condition.  Ammonia  gas  is  colourless : 
it  possesses  an  extremely  penetrating  smell,  and  excites  a  copious  fiow  of  tears.  When 
ao  electric  enrrent  is  passed  through  the  gas,  it  is  decomposed  into  its  constituents. 
It  is  decomposed  in  the  same  way  when  passed  through  a  porcelain  tube  heated  to 
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rednefts.  This  decomposition  takes  place  more  readily  if  the  tube  be  filled  with  pieces 
of  porcelain,  and  easiest  of  all  if  pieces  of  platinum,  silver,  iron,  or  copper,  be  placed 
in  Uie  tube. 

If  ammonia  gas  be  conducted  by  means  of  a  narrow  tube  into  an  atmosphere  of 
oxygen,  it  may  be  inflamed  by  the  application  of  a  lights  and  will  continue  to  bum. 
It  is  not,  however,  capable  of  burning  in  atmospheric  air,  except  when  kept  continu- 
ally in  contact  with  a  flame  of  some  other  more  combustible  substance.  Ammonia  is 
extremely  soluble  in  water,  which  at  a  temperature  of  0°,  and  under  a  pressure  of 
760  mm.,  dissolves  1,500  times  its  volume  of  the  gas.  The  liquid  ammonia  of  commerce 
is  a  solution  of  the  gas  in  water.  Water  absorbs  ammonia  with  such  energy  that  it 
rushes  into  a  space  fllled  with  ammonia  just  as  it  would  into  a  vacuxmi,  and  a  tube 
may  often  be  shattered  in  this  way.  At  higher  temperatures,  the  solubility  of  ammonia 
in  water  is  very  much  less,  water  at  15°  C.  absorbing  onlv  727  times  its  volume  of 
ammonia,  and  at  a  temperature  of  25°  only  586  times  its  volume.  In  the  absorption 
of  ammonia  gas  by  water  there  is  a  considerable  increase  in  the  volume,  and  a  corre- 
sponding reduction  in  the  density  of  the  liquid.  Therefore,  speciflc  gravity  affords  a 
ready  means  of  determining  the  ammoniacal  contents  of  the  solution,  as  shown  by  the 
following  table. 

Tablb  showing   thb  amount  of  Ammonia  nr  Solxttions   of  Ammonia. 

Tbmperatubb  14°  (Carius.) 


Ammonia 

in  100 

parts 

solution 

Spedflc 
Gravity 

in  100 

parts 

solution 

Specific 
Orayity 

Ammonia 

in  100 

parts 

sotntion 

Specific 
Gravity 

Ammonia 

in  100 

parts 

solution 

Specific 
Gravity 

1 

•9959 

10 

•9593 

19 

•9283 

28 

•9026 

2 

•9915 

11 

•9556 

20 

•9251 

29 

•9001 

3 

•9873 

12 

•9520 

21 

•9221 

30 

•8976 

4 

•9831 

13 

•9484 

22 

•9191 

31 

•8953 

5 

•9790 

14 

•9449 

23 

•9162 

32 

•8929 

6 

•9749 

15 

•9414 

24 

•9138 

33 

•8907 

7 

•9709 

16 

•9380 

25     . 

•9106 

34 

•8885 

8 

•9670 

17 

•9347 

26 

•9078 

35 

-8864 

9 

•0631 

18 

•9314 

27 

•9052 

36 

•8844 

Aqueous  solutions  of  ammonia  occur  in  commerce  under  various  appellations,  such 
as  solution  of  ammonia,  liquid  ammonia,  spirits  of  hartshorn,  etc. 

Ammonia  combines  with  hydrochloric  acid,  forming  solid  sal  ammoniac ;  hence 
arise  the  white  fumes  observed  when  an  open  vessel  containing  ammonia  is  brought 
into  the  vicinity  of  one  containing  hydrocnloric  acid.  This  property  of  ammonia  is 
made  use  of  for  ascertaining  its  presence.  A  glass  rod  is  moistened  with  hydrochloric 
acid,  and  held  over  the  liquid  that  is  to  be  tested  for  ammonia.  If  a  fume  of  sal 
ammoniac  is  formed,  the  presence  of  ammonia  is  proved. 

PreparatlOB. — Ammonia  is  prepared  £rom  its  saline  compounds,  princijpally  &om 
the  sulphate  or  chloride.  The  salts  of  ammonia,  as  well  as  free  ammonia,  are  ob- 
tained OS  by-products  of  the  manufacture  of  illuminating  gas,  or  by  the  destructive  dis- 
tillation  of  nitrogenous  organic  substances,  such  as  animal  refuse,  old  leather,  blood, 
etc.,  and  in  lilgypt  from  camel's  dung. 

For  the  preparation  of  ammonia  on  a  small  scale,  finely-powdered  sal  ammoniac 
is  mixed  with  freslily  slaked  lime,  and  the  mixture  introduced  into  an  iron  retort. 
The  neck  of  the  retort  is  connected  with  a  Woulfe's  washlxDttle  containing  a  very  small 
quantity  of  water,  so  that  the  ammonia  gas  produced  upon  heating  the  retort  may 
bo  washed  free  from  any  solid  particles  carried  over  mechanically.  If  it  be  desired 
to  use  the  gas  in  a  dry  state,  it  must  then  be  passed  through  a  U-tube  filled  with 
pieces  of  fused  potassium  hydrate  and  collected  over  mercury. 

When  ammonia  has  to  be  prepared  on  a  large  scale,  a  large  iron  still  is  employed 
upon  which  a  head  is  fixed  air-tight  by  means  of  luting  and  screws.  The  head  is 
connected  with  a  condenser  delivering  into  a  glass  flask.  A  delivery  tube  is  fitted 
with  a  cork  into  tlie  neck  of  the  flask  and  made  to  dip  into  a  vessel  two-thirds  filled 
with  pure  water.  The  still  is  charged  with  100  pounds  of  sal  ammoniac  or  ammonium 
sulphate,  and  an  equal  weight  of  f^h-bumt  lime,  previously  mixed  with  four  limes 
its  weight  of  water,  the  whole  being  mixed'  together  by  stirring.  The  head  is  then 
luted  and  screwed  down  air-tight  upon  the  still,  and  heat  is  applied,  gently  at  first, 
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the  temperature  being  gradually  raised.     ThA  process  that  takes  place  is  represented 
bj  the  following  equation : — 

Together  with  ammonia  gas,  aqueous  yapour  is  also  given  of^  but  this  condenses 
in  the  cooling  apparatus,  and  collects  in  the  flask,  while  the  ammonia  passes  into  the 
water  of  the  second  vessel,  where  it  is  absorbed.  Since  the  solution  of  ammonia  pro- 
duced is  lifter  than  water,  and  therefore  rises  to  the  surface,  the  delivery  tube  is 
made  to  terminate  in  the  lowest  part  of  the  absorption  vessel. 


m — Ammonia  is  much  employed  in  medicine.  Its  use  for  this  purpose  is 
owing  to  its  strong  caustic  action,  producing  blisters  when  applied  to  the  skin,  to  its 
action  upon  the  sensorium,  acting  m  cases  of  syncope  as  a  restoring  agent,  and  to  its 
strong  basic  properties.  Advantage  is  taken  of  this  property  for  neutralising  the 
carbonic  acid  and  sulphuretted  hydrogen  which  are  formed  in  a  certain  disease  of  the 
herbivora,  in  consequence  of  over-feeding  with  green  food.  Ammonia  is  further  ex- 
tensively used  in  chemical  laboratories  for  all  sorts  of  purposes,  both  in  analysis  and 
in  the  manufacture  of  preparations.  Its  use  in  this  way  is  generally  owing  to  its 
strong  basic  properties,  rendering  it  possible  to  neutralise  by  its  means  the  strongest 
acids,  and  to  precipitate  nearly  all  the  oxides  of  the  metals  in  a  solid  condition  from 
solutions  of  their  salts.  It  is  further  employed  on  a  large  scale  in  cotton-printing, 
in  bleaching,  and  for  the  preparation  of  lakes  and  colours. 

Oompouids. — Ammonia  forms  numerous  compounds  with  hydracids  and  with 
the  hydrogen  salts  of  add  oxides.  These  compounds  are  termed  ammoniacalsalts, 
and  uiey  correspond  closely  with  the  potassium  and  sodium  salts  of  acid  oxides,  but 
eontain,  instead  of  the  metals  potassium  or  sodium,  a  compound  molecule  NH^  which 
takes  their  place  as  a  pseudo-mntal,  and  is  termed  ammonium.  Thus,  for  instance, 
the  compounds  of  ammonia  with  hydrochloric  acid  and  with  nitric  or  sulphuric  acid 
can  be  represented  by  the  formulse : 

NHjHCl  or        NH^Cl     corresponding  to        KCl 

NHjHNO,  or        NH^NO,  „  „        KNO, 

2(NH,),H^0.  or        2(NH,),S0,       „  „        K,SO, 

Ammonia  also  combines  with  many  chlorides,  nitrates,  sulphates,  and  other  salts, 
forming  compounds  which  are  probably  so  constituted  that  they  contain  compound 
molecules  analogous  to  ammonium,  with  one  or  more  atomic  proportions  of  a  metal  in 
the  place  of  part  or  the  whole  of  the  hydrogen  of  ammonium.  Thus  the  compound 
NH^SgCl,  formed  by  the  action  of  ammonia  upon  mercuric  chloride,  may  be  regarded 
as  the  chloride  salt  of  mercurammonium,  corresponding  to  ordinary  ammonium 
chloride,  but  with  two  atomic  proportions  of  hydrogen  replaced  by  the  divalent  metal 
mercury. 

JUmKOVZVBI   OK&OXTBJi. 

Formula  NH^Cl.     Moleculab  Wright  53-5. 

Bitffory.— ^This  substance,  commonly  known  as  sal  ammoniac,  was  at  one  time 
obtained  almost  exclusively  from  Egypt,  and  was  prepared  by  sublimatiou  from  the 
soot  produced  by  burning  camel's  dung  as  fuel. 

Ooearrenee* — Ammonium  chloride  occurs  naturally  in  volcanic  districts  as  an 
incrustation  on  the  surfaces  of  fissures ;  also  in  sea  water  and  in  very  small  amount  in 
the  water  of  some  springs. 

Clwractars. — Ammonium  chloride  is  a  colourless  tmnslucent  substance,  crystal- 
lisable  in  octahedra,  which  are  generally  grouped  together  in  arborescent  forms.  It 
sometimes  occurs  in  the  cubic  form.  The  salt  dissolves  in  about  three  times  its 
weight  <^ cold  water,  and  in  its  own  weight  of  boiling  water;  its  solution  in  cold 
water  is  attended  with  considerable  reduction  of  temperature.  Ammonium  chloride 
volatilises  without  melting. 

9wmpmrmXicnm — Ammonium  chloride  is  prepared  by  sublimation  from  a  mixture 
of  ammoDium  sulphate  and  sodium  chloride  or  from  the  ammoniacal  liquor  of  gas 
works,  by  neutralising  it  with  hydrochloric  acid,  evaporating  the  solution  until  the 
salt  erystallises,  and  then  purifying  by  sublimation. 

Vaes. — Ammonium  chloride  is  largely  used  for  cleaning  the  surface  of  metals  in 
Uuiing  and  soldering;  also  in  the  manu&cture  of  alum,  and  for  preparing  freezing 
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— AmmDiiiiiiii  anlphatB  ocean  DBtonllr  ai  a  mineHtl  called  mai- 

n  Tolcanic  ilistricU,  alio  in  the  «Bt«r  of  the  Tnacan  UgmM,  &ad  sometimes 
■s  an  efflorescsDce  on  the  BOrface  of  the  earth, 

ObmrttAtarm. — Ammoniiun  snlphatfi  fortns  colonrlass  traiupareat  prismatic 
crretola,  isomorphons  with  potassium  Eolpbata.  It  dissolves  in  twice  its  wta^t  of 
cold  wateF,  and  in  its  own  wdght  of  boiling  water.  Jt  is  h7gn)sco|ne  ;  when  heat«d 
it  decrepitates,  melts  at  140°,  and  is  decompoeed  at  a  higher  tempentnce. 

Frepwratlon.— Ammonium  sulphate  is  prepared  from  gas  liquor,  and  from  the 
ammoniaml  liqnor  oUained  in  distilling  bitaminona  shale,  b;  Deutralising  with  sul- 
phnric  acid  or  filtering  the  liqiion  tbroogh  lajers  of  g^pBom,  hj  which  the  carbonate 
of  ammonia  they  ooDtain  is  conTertcd  into  sulphate;  theii  eTaporating  and  ctystal- 
,  lising  the  salt. 

Vaea> — Ammoninm  sulphate  is  laigely  nsed  as  a  tnaours. 


There  are  three  definite  ammonium  catbana)«B :  the  neutral  carbonate  2(NH,), 
C0,>1,0,  the  acid  carbonate  NHjHCO,,  commonly  called  bicarbonate,  and  the  eesqui- 
atrbanate  4(Nn,),E,  3(C0,],  cnlled  also  Tolatile  salt  or  Salts  of  hartshorn. 

The  snbetance  commonly  met  with  as  carbonate  of  ammonia,  consiBts  cUeflTof  the 
latter  compound.  It  is  a  translucent  fibrous  mass,  baring  a  strong  ammoniacal  smell, 
and  is  obtained  bj  sublimation  from  a  mixture  of  ammoninm  sulphate  and  chalk. 

FsaM^ATioH  OF  Akmohu  fsoh  Qab  LiqcoB, — The  wateir  liquor  obtained  in  the 
manufkctnre  of  gas  Ttota  coal  contaiue  most  of  the  nitrogen  of  the  coal  in  the  form  of 
ammonia.  Its  composition  varies  according  lo  the  kind  of  coal  employed,  as  shown  by 
ttie  following  table  of  analyses  by  Oerlach : — 


Ammoniu 

m  Hyforolphite                 'lOaS 

01828 

■5082 

Sulphide                        -03*0 

'064B 

■8222 

Carbonate  (NH,)HCO,1050 

■1470 

■2*S0 

„       a(KH,),CO.  -im 

■7680 

3-3120 

Sulphate                        '046! 

008S8 

01820 

., 

Chloride                      80*06 

1'7120 

0-3715 

des  these  salts,  gas  liquor  cont&ins  some  amnu 

>n  the  average  it  contains  iWini  1  to  6  per  cc 

The  gas  liquor   is  mixed  with  time  and  subjected  to  dietillatioa  in  a   boiler 

(a,  S^.  10and20)BatoTeraftiniace.theflueof  whichpsasee  rounda second boileT(B), 

containing  a  similar  mixture  of  gns  liquor  and  lime.  TheammoniagaadriveDoffby  the 


milk  of  lime  for  the  porixiBe  of  sapatsting  impurities  from  the  ammonia.    It  tjien 
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pum  UuoD^  ths  irornia  of  th«  condensen  (d  and  b),  sod  ii  tbna  U>  a  great  eitout 
dafrirad  of  «atEr-Tapoar.  TEis  gas  ii  (iien  pissed  Uirongb  seTsral  smaller  mshing 
TMsela  (rao'o")  into  a  leaden  vemel  (b)  Barronndod  vitb  coLd  water,  and  containing 
water  fbr  the  absorption  of  the  gas.  The  vassal  i  sorros  for  condensing  any  ammonia 
that  ma;  escape  from  tlie  leaden  reuel  (a),  and  iU  coQtents  can  from  time  to  time  be 
ran  into  the  leaden  vewcl. 

The  liqnid  condensing  in  the  vessel  ?  is  raised  by  the  pump  (y)  into  the  washing 
T««s*l(c),  and  a  stream  of  fteril  gas  liquor  is  ocoaBion.illjmn  from  a  tank  (j)  inW  the 
coodeuar  (d),  so  aa  to  serve  for  cooling,  and  to  bocoma  warmod  before  it  is  mn  into 
'*  •-   -      -    ' '->   ,Q  ita  way  into  the  boilers  (a  and  a).    In  order  to  saro  anj 
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unmonia  given  off  by  the  hexting  of  the  gns  liquor  thus  passed  throngb  tlie  condenser 
(□),  this  vessel  is  eonnsctsd  by  means  of  a  pipe  (u)  with  a  leaden  tank  (k').  coatain- 
isg  snlphnric  acid.  When  the  whole  of  the  ammonia  has  been  expelled  from  the 
liqnid  in  the  boiler  (i).  Hie  contents  are  drawn  off,  and  tbe  liquid  already  heated  in  the 
second  boiler  (b)  is  run  into  i,  the  boiler  b  being  also  charged  again  with  heated  gu 
liquor  from  a,  and  heated  milk  of  lime  from  c  and  (f,  and  then  the  operation  is  eon- 
liDned  as  before. 

Instead  of  wing  milk  of  lime  for  the  puriSeation  of  ammonia  gas,  freshly  i^ited 
charcoal  la  sometimes  employed,  and  the  gas  is  passed  through  closed  iron  cylinders 
Blled  either  with  tliat  material  or  coke,  which  w  feept  moist  with  the  refuse  oil  ob- 
taload  in  the  distillation  of  tar  or  in  tbe  manofocture  of  paraffin  oil.  This  plan  has 
the  advantage  of  separating  the  napthalin  with  which  ammonia  obtained  fWim  gas 
liquor  is  liable  to  be  cootamimited.  and  it,  also  prevents  the  stoppage  of  the  condens- 
ing worms  by  the  nap'iuilin  curried  over  by  the  hot  gas- 
In  order  to  prepare  ammonium  sulphate  the  ammonia  gas  is  paasad  entirely  into  a 
lead-lined  tank  containing  sulphuric  acid  of  abont  1'5I2  Ep.  gr.    The  sulphate  s— 


rating  in  small  drstals  is  raked  out  of  the  tank  into  strainers  piac^  so  that  the  liquor 
runs  back  into  the  tank,  and  when  the  salt  is  safflciently  disined  it  is  dried.  It) 
propoitioD  as  the  salt  is  removed  fresh  sulphuric  acid  is  added,  and  the  operation 


continued  in  this  way  until  the  molhcr-Iiqnor  becomes  charged  with  empjreumstic 
snbttaaces,  oil,  tie.,  when  it  is  eTaporsted  sepnrately,  and  the  tank  charged  with  f^h 
snlphBric  acid  as  before.  The  ammonia  salt  contains  less  oily  impnrity  when  the 
liqoor  in  the  tank  is  kept  slightly  acid, 

Ammonittm  chloride  is  prepared  in  the  same  way  by  substituting  hydrochloric 
sdd  tar  sulphuric  acid,  and  passing  ths  cooled  ammonia  gas  into  it.  In  orler  to  ob- 
tain it  pure,  it  must  be  recrystallised  after  tbe  solution  has  been  boiled  with  soma 
nitric  and  lo  destroy  empyienmatic  impurities. 

Thb  Athosfheiui, 

Jtittory. — Aiuujmenes,  who  Soorished  in  the  sixth  centarj  before  Christ,  re- 
l^rleil  air  a«  Ibe  priocipie  or  element  ont  of  which  all  other  substances  took  their 
drigin  either  by  dilution  or  con  Jensation.  In  the  'natural  system 'of  Aristotle,  also, 
■ir  constital«d  one  of  his  four  elements — earth,  air,  fire,  and  wnter— and  together  with 
the  belief  in  tbe  four  elements  of  Aristotle,  the  opinion  that  air  was  an  elementary 
body  held  its  gcotind  until  near  the  end  of  the  eighteenth  centaiy. 

lAvoisier  was  the  first  to  point  out  that  atmospheric  air  consiBte  of  several 
sabetancea.  His  views  upon  the  chemical  nature  of  Uie  atmosphere  have  not  been 
materially  altered  by  the  numeraus  researches  of  Ist^r  chemista. 

Ompoiitien. — The  atmosphere  contains  several  different  gases  which  nre  not, 
however,  chemically  combined  with  one  another,  but  only  mcolunically  mixed.  The 
jrindpal  eonstitttenta  are  nitrogen  and  o^gen  ;  beside  these,  atmospheric  ait  contains 
ippaciabl*  ^untiliN  of  mler-TSpoiir    and  caibonic   acid.      Nitnc    and    nitrona 
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acids,  ammoniii,  ozone,  and  hydrogen  are  also  present  in  the  air,  but  in  such  small 
proportions  that  their  amount  cannot  well  be  determined  with  certainty.  Air  eon- 
tains  on  an  average,  in  100  volumes : — 

By  measure  By  weight 

Nitrogen 78492  77 

Oxygen 20*627  23 

Water-vapour 0840 

Carbonic  acid 0-041 

100-000 

Since  these  gases  differ  in  density,  there  is  a  corresponding  difference  in  their 
relative  proportions  by  weight  and  by  volume. 

By  comparing  the  composition  of  the  air  in  the  deepest  valleys  with  the  composi- 
tion  of  the  air  on  the  highest  mountain  summits,  it  is  found  that  the  relations 
between  nitrogen,  oxygen,  and  carbonic  acid  remain  the  same,  except  under  certain 
local  influences,  such  as  the  proximity  of  active  volcanoes  emitting  vast  streams  of 
carbonic  acid,  or  extraordinarily  luxuriant  vegetation  usinff  up  a  large  amount  of 
carbonic  acid,  and  producing  on  the  other  hand  a  great  quantity  of  oxygen. 

This  constancy  in  the  relative  proportions  of  the  constituents  of  atmospheric  air  is 
due  to  '  diffusion,"  according  to  which  gases  intermix  uniformly  with  each  other,  how- 
ever much  they  may  differ  in  densitv. 

Modem  researches  have  shown  tnat  there  are  contained  suspended  in  the  air  in 
the  form  of  very  fine  dust,  besides  inorganic  and  organic  substances,  minute  organised 
particles  which  are  recognisable  under  the  microscope  as  spores  and  germs  which  upon 
contact  with  materials  favourable  to  their  nourishment  are  developed  and  form 
ferments.  Thus  yeast,  or  the  ferment  which  causes  alcoholic  fermentation,  is  only 
produced  when  the  liquid  to  be  fermented  comes  into  contact  with  the  air,  provided 
the  liquid  does  not  already  contain  the  ferment.  It  is  the  same  as  regards  lactic  fer- 
mentation, and  other  processes  of  fermentation  and  putrefaction.  How  far  the  hypo- 
thesis is  justified,  that  certain  epidemic  diseases,  such  as  cholera,  etc.,  are  determined 
by  the  presence  of  germs  or  spores  in  the  air,  which,  owing  to  a  process  similar  to  fer- 
mentation, bring  about  a  diseased  condition  of  the  animal  organism,  cannot  be  here 
discussed. 

Condition  of  tha  Atmosphere  in  Nature, — The  atmosphere  surrounding  our  planet 
an  a  gaseous  envelope  is  retained  in  this  position  by  the  attraction  of  the  earth,  and 
consequently  it  partakes  of  the  motion  of  the  earth.  As  a  result  of  the  attraction 
of  the  atmosphere  by  the  earth,  the  upper  portion  exerts  a  pressure  upon  the  lower 
portion,  and,  since  atmospheric  air  is  compressible,  the  lower  portion  of  the  aerial 
envelope  is  therefore  denser  than  the  upper  portion.  The  higher  a  mountain 
is  ascended  the  smaller  does  the  density  of  tbe  air  become.  This  is  the  reason  why 
respiration  is  more  difficult  at  great  heights.  The  lungs  require  a  certain  quantity  of 
air,  and  as  the  density  of  the  air  is  less  at  great  heights,  a  larger  volume  of  such  air 
is  required  than  of  the  denser  air  of  lower  elevations ;  respiration  must  therefore  be 
more  rapid. 

The  atmosphere  exerts  pressure  upon  the  entire  surface  of  the  earth.  At  the  sea- 
level  this  pressure  equals  that  exerted  by  a  column  of  mercury  760  mm.  in  height 
(29*922  inches).  The  pressure  upon  each  square  decimetre  is  therefore  103*33  kilos, 
or  nearly  15  lbs.  upon  the  square  inch. 

At  a  height  of, 5,528  metres  (18,136  feet)  the  atmospheric  pressure  amounts  to 
only  7^  lbs.  upon  the  square  inch,  or  half  of  what  it  is  at  the  level  of  the  sea. 

From  the  refraction  of  the  rays  of  light  it  has  been  approximately  computed  that 
the  atmosphere  does  not  extend  beyond  a  height  of  72*419  kilometres  (45  miles)  above 
the  sea-level,  and  at  that  height  the  pressure  would  be  0. 

The  atmosphere  appears  of  a  blue  colour,  owing  to  the  white  sunlight  being  decom- 
posed by  particles  of  water  contained  in  the  atmosphere  and  reflected  from  tliem  of 
a  blue  colour.  The  greater  the  quantity  of  light  which  is  thus  dispersed  the  brighter 
does  the  atmosphere  appear,  and  it  is  brightest  in  the  direction  in  which  the  greater 
number  of  particles  are  found,  in  which  the  atmospheric  medium  has  the  greatest 
extension  and  density — i.e,  in  a  horizontal  direction.  On  the  contraiy,  the  atmosphere 
is  darkest  in  that  direction  in  which  the  aerial  stratum  is  thinnest— f.«.  in  a  vertical 
direction.  In  fact  the  sky  always  appears  much  darker  in  the  zenith  than  towards 
the  horizon.  Hence  it  happens  that  m  ascending  above  the  sea-level  the  sky  becomes 
darker  and  at  last  entirely  black.  The  stratum  of  atmospheric  particles  reflecting 
light  becomes  thinner  and  thinner,  and  in  the  same  proportion  does  the  lightless  space 
b^ond  become  more  evident. 

The  red  colour  c/i  the  sky  at  sunset  is  caused  by  the  aqueous  vapour  of  the  atmo- 
sphere. In  a  certain  state  of  condensation  it  transmits  white  sunlight  in  shades 
between  yellow  and  red.  As  the  rays  of  the  sun  at  evening  have  to  traverse  such 
vapour  a  longer  distance,  the  sky  appean  of  a  hue  vaiying  firam  yellow  to  red. 
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One  of  the  most  interesting  questions  in  respect  to  the  atmosphere  is  whether  the 
proportions  by  veight  of  the  throe  gase^,  nitrogen,  oxygen,  and  carbonic  acid,  always 
remain  the  same.  Considering  the  immense  quantities  of  carbonic  acid  ponred  into 
the  air  from  the  many  sources  of  this  gas,  such  as  active  volcanoes,  processes  of  decay, 
combustion,  animal  respiration,  etc,  it  might  be  thought  that  the  amount  of  carbonic 
add  in  the  atmosphere  would  be  constantly  on  the  increase,  while  its  contents  of 
ox^en  would  be,  on  the  other  hand,  decreasing.  If  that  were  the  ease,  all  animal  life 
would  ultimately  perish  from  suffocation. 

This  production  of  carbonic  acid  and  consumption  of  oxygon  is,  however,  fully 
compensated  by  the  action  of  plants,  which,  contrary  to  animals,  absorb  carbonic  acid 
from  the  air,  and  exhale  ox^^en  in  its  pliice.  This  action  of  plants  is  so  energetic  that, 
in  plains  where  a  tolerably  luxuriant  vegetation  exists,  the  atmosphere  always  contains 
a  somewhat  smaller  proportion  of  carbonic  acid  and  more  oxygen  than  the  air  of  very 
high  regions.  On  the  wnole,  so  fiEir  as  can  be  deduced  from  analyses  of  air,  the  present 
composition  of  the  atmosphere  is  kept  in  cquilibriimi  by  this  vital  action  of  plants. 

When  many  persons  remain  for  some  time  in  a  small  and  ill-ventilated  room, 
analysis  of  the  air  contained  in  it  certainly  shows  an  increase  of  carbonic  acid.  How- 
ever, in  our  dwelling-rooms,  there  is  a  greater  change  of  air  than  is  generally  sup- 
posed, owing  to  the  porosity  of  the  walls.  How  readily  air  passes  through  an  ordinary 
brick  is  evidenced  by  the  following  experiment :  A  brick  is  covered  with  wax,  with 
the  exception  of  the  two  opposite  narrower  extremities,  and  to  each  of  these  free  ends 
is  fastened  an  air-passage  made  of  sheet-metal.  By  blowing  through  one  of  these 
passages  the  air  can  only  escape  by  passing  through  the  brick.  This  happens  with 
inch  £ftcilitT,  that  by  blowing  into  the  brick  at  one  side  it  is  easy  to  extinguish  a 
lifted  candle  at  the  other  side  of  the  brick. 

As  in  moist  waUs  the  pores  are  filled  with  water,  rooms  surrounded  by  such  moist 
walls  are  unhealthy,  because,  amonsst  other  reasons,  the  free  passage  of  air  is  hindered. 

Utes. — Atmospheric  air  is  made  use  of  in  a  great  number  of  mechanical  and 
chemical  processes  serving  technical  ends.  From  the  most  ancient  times  man  has 
employed  the  motive  power  of  wind — as,  for  instance,  for  turning  the  sails  of  wind- 
mills, for  the  purification  of  com  from  dust  and  chaff,  and  in  general  for  the  separation 
of  substances  having  different  specific  gravities  by  the  agency  of  specially  constructed 
vanes,  by  means  of  which  the  lighter  bodies  are  got  rid  of. 

Atmospheric  air  is  further  employed  for  drying  purposes.  The  newly-built  walls 
of  houses,  as  well  as  a  number  of  products  of  agriculture  and  manufactures,  may  be 
deprived  of  moisture  by  simple  contact  with  the  air.  An  important  use  is  made  of 
atmospheric  air  in  getting  rid  of  bad  smelling  and  unhealthy  gases  and  vapours  from 
rooms  oocuuied  by  human  beings,  often  by  means  of  artificial  ventilation. 

Atmospheric  pressure  is  applied  for  forcing  preservative  or  colouring  solutions  into 
the  fibres  of  wood. 

If  the  pressure  of  the  air  upon  boiling  liquids  be  diminished  by  conducting  the 
operation  of  boiling  in  hermetically-closed  vessels,  from  which  the  air  is  pumped  out, 
evaporation  takes  place  at  a  much  lower  temperature,  and  by  this  means  solutions  of  a 
number  of  substances  can  be  evaporated  without  undergoing  decomposition,  although 
many  of  them  would  be  decomposed  to  a  considerable  extent  if  they  were  boiled  or 
evaporated  under  the  ordinary  atmospheric  pressure,  and  at  the  corresponding  boiling 
temperature. 

Atmospheric  air  plays  an  important  part  in  the  process  of  fermentation  and  its 
kindred  phenomena  of  decay  and  putrefaction.  It  contains  in  the  form  of  germs  and 
ipores  the  conditions  for  the  production  of  ferments  which  bring  about  these  pro- 
cesses, and  in  the  form  of  oxygen  gas  a  body  which  favours  these  processes  in  a  high 
degree.  It  is  often  possible  by  admitting  or  excluding  atmospheric  air,  either 
to  start  or  prevent  processes  of  the  kind,  and  even  to  stop  fermentation  or  putrefac- 
tion that  has  already  begun,  by  subsequent  exclusion  of  air.  In  various  industrial 
operations  advantage  is  frequently  taken  of  these  facts. 

But  the  most  extensive  application  of  air  is  for  the  production  of  heat  and  light 
Nearly  all  artificially  produced  heat  and  light  are  the  results  of  processes  of  combus- 
tion, and  in  all  these  processes,  the  burning  bodies,  such  as  coal,  fats,  oil,  coal-gas,  etc., 
enter  into  combination  with  the  oxygen  of  the  air. 

In  the  same  way  that  rapid  processes  of  oxidation  with  the  evolution  of  light  and 
beat  take  place  in  the  air  by  the  aid  of  the  oxygen  it  contains,  so  likewise  do  gradual 
oxidising  actions  take  place.  The  formation  of  nitrates  may  bo  instanced  as  one  of 
the  most  important^  of  these,  the  nitric  acid  being  produced  from  ammonia  by  slow 
oxidation  vnoer  the  infiuence  of  air,  in  presence  of  bases,  the  ammonia  itself  being  a 
product  of  the  decay  of  nitrogenous  organic  subsbinces. 

Tlie  impoztanoe  of  air  in  the  process  of  animal  respiration  has  been  already 
aUadsd  to  (p.  24). 
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Symbol  C.    Atomic  Wbight  12. 

Blstory. — ^Until  the  liittor  end  of  the  eighteenth  centoiy,  reiy  little  was  known 
of  the  chemical  nature  or  relations  of  carbon  as  an  elementary  substance,  and  it  was 
not  until  Lavoisier  demonstrated  that  carbonic  acid  gas — or  fixed  air  as  it  was  then 
called — is  the  sole  gaseous  product  of  the  combustion,  either  of  organic  substances  or 
of  charcoal  and  the  diamond,  that  correct  opinions  on  this  subject  began  to  prevail. 

Newton  conjectured  that  the  diamond  must  be  combustible  on  account  of  its  strong 
refraction  of  light.  The  first  experiment  by  which  the  combustibility  of  the  diamond 
was  proved  was  made  by  the  Academy  of  Florence,  when  it  was  found  that  a  diamond 
burned  in  the  focus  of  a  large  concave  refiector.  The  diamond  is  not  absolutely  pore 
carbon,  for  after  its  combustion  there  remains  a  minute  quantity  of  ash,  which  is  said 
to  contain  silicic  acid.  The  very  small  amount  of  this  ash,  and  the  high  price  of  the 
diamond,  have  up  to  the  present  prevented  a  thorough  determination  of  the  ash,  although 
that  would  be  desirable,  since  an  exact  knowledge  of  the  composition  of  this  residue 
might  afford  some  indications  as  to  the  substances  out  of  which  the  diamond  has  been 
formed,  and  as  to  the  manner  of  its  formation,  which  is  at  present  enveloped  in  un- 
certainty. 

For  some  time  it  was  supposed  that  besides  carbon  the  diamond  must  contain 
hydrogen.  This  opinion  was,  however,  refuted  by  the  researches  of  Davy  and  others, 
which  proved  that  by  the  combustion  of  the  diamond  in  oxygen  gas  only  carbonic  acid, 
and  no  water,  is  produced. 

Ooonirenoe. — Carbon  occurs  naturally  in  the  free  state,  but  very  much  less 
abundantly  than  it  occurs  in  various  states  of  combination. 

In  the  free  state,  carbon  is  met  with  in  three  very  distinct  conditions — as  diamond 
and  as  graphite,  which  occur  natujrally,  and  as  charcoal  which  is  obtained  in  a  great 
variety  of  forms  when  animal  or  vegetable  materials  are  strongly  heated  out  of  contact 
with  air. 

Diamonds,  orcarbon  crystals,  are  generally  found  in  alluvial  deposits  of  the  most  recent 
geological  date,  and  situated  at  no  great  depth  below  the  surface ;  they  occur  especially 
in  the  low  ground  of  wide  valleys,  and  but  seldom  in  mountain  districts  of  any  great 
elevation. 

Diamonds,  as  they  occur  in  these  alluvial  beds,  together  with  quartz  pebbles, 
ferruginous  sand,  itaberite,  brown  iron  ore,  jasper,  and  sometimes  also  with  topazes  and 
emeralds,  are  never  pure  and  sparkling,  but  always  coated  with  an  earthy  incrustation, 
so  that  it  is  only  with  difficulty  that  they  can  be  recognised  by  the  naked  eye. 

The  only  diamond  districts  of  importance,  are  East  India,  Brazil,  and  the  Cape. 
There  are  also  less  extensive  diamond  yielding  deposits  in  Siberia  and  the  Island  of 
Borneo.  Recently,  a  diamond  deposit  has  been  found  in  Mundjee  in  New  South  Wales. 
The  chief  localities  where  diamonds  occur  in  India,  are  situated  in  the  kingdoms  of 
(xolconda  and  Visapur,  extending  down,  however,  towards  Bengal.  In  Brazil,  it  is 
principally  in  the  bed  and  on  the  shores  of  the  river  Igitonhona  that  diamonds  are 
found  in  great  quantity,  especially  in  the  district  of  Serro  di  Frio.  Another  diamond 
yielding  stream  in  Brazil,  is  the  Kio  Pardo. 

The  Brazilian  diamond  washings  yield  annually  from  25,000  to  30,000  carats,  or 
nearly  13  pounds  of  raw  diamonds,  from  which,  however,  only  about  900  carats  of 
finely  polished  diamonds  are  obtained. 

Grnphite  occurs  both  in  the  amorphous  and  crystalline  state.  The  amorphous 
variety  called  plumbago  or  blacklead,  occurs  at  Borrowdale  in  Cumberland  and  at 
Paasau  in  Bavaria ;  it  is  also  found  in  Liberia,  New  Brunswick  and  other  places.  The 
oryittlline  variety  occurs  at  Travancore  in  Ceylon,  in  Australia  and  in  America. 

Oikrbon  also  occurs  naturally  in  the  amorphous  condition  as  anthracite,  a  mineral 
oontaining  a  much  larger  amount  of  carbon  than  ordinary  coal,  though  closely  related 
to  it  and  most  probably  of  similar  origin. 

In  a  state  of  combination  carbon  occurs  very  abundantly,  constituting  about  one- 
third  of  the  mass  of  all  animals  and  plants.    Carbon  also  occurs,  combined  with 
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Tsrying  propoilions  of  hydrogen,  oxygen,  and  nitrogen,  in  the  form  of  coa  1  and  analogous 
materials,  originating  from  plants  belonging  to  a  renoote  epoch.  In  combination  with 
hydrogen,  it  occurs  as  petroleum  and  pit  gas  or  marsh  gas,  substances  intimately 
connedsd  with  coal  and  with  the  alteration  of  organised  substances  by  decay. 

In  combination  with  oxygen  carbon  occurs  in  the  atmosphere  as  carbonic  acid,  and 
thouffh  the  proportion  of  this  gas  in  atmospheric  air  is  but  small,  this  is  the  chief  if 
Dot  the  only  source  from  which  plants  derive  carbon.  This  compound  of  carbon  also 
occurs  combined  with  various  basic  oxides,  especially  lime,  magnesia,  and  ferrous  oxide, 
as  carbonates,  in  immense  quantities,  and  it  constitutes  from  one-ninth  to  one-serenth 
part  of  the  vast  masses  of  limestone  and  dolomite  existing  at  different  parts  of  the 
earth. 

diaraeters. — Carbon  in  the  free  state  is  a  solid  infusible  non-yolatile  substance 
without  taste  or  odour ;  it  exhibits  very  great  diversity  in  some  of  the  physical  charac- 
ters appertaining  to  it  in  the  several  conditions  of  diamond,  graphite,  and 
amorphous  carbon  or  charcoal. 

The  diamond  is  distinguished  from  graphite,  and  still  more  from  amorphous  char- 
coal, by  its  crystalline  structure,  hardness,  transparency,  brilliancy,  etc. 

Carbon  in  the  crystalline  form  of  diamond  is  perfectly  transparent,  and  possesses 
great  brilliance.  It  is  generally  colourless,  sometimes  yellow  or  brown,  and  very  rarely 
of  a  blue,  green,  or  rose  tint.  The  diamond  is  especially  characterised  by  its  hardness; 
for  a  long  time  it  was  held  to  be  the  hardest  substance,  and  it  is  but  recently  that 
crrstallised  boron  has  been  found  to  excel  the  diamond  in  hardness.  The  diamond  has 
a  specific  gravity  ranging  from  3*50  to  355  ;  it  is  infusible,  and  insoluble  in  all  liquids. 

The  diamond  occurs  cither  in  the  form  of  crystals  or  as  irregular  rounded  pebbles. 
The  cijstalllue  form^  are  the  octahedron,  the  cube,  the  rhomboidal  dodecahedron,  etc. 
The  diamond  pebbles  generally  have  somewhat  curved  surfaces  and  blunt  edges  that 
appear  to  have  been  worn,  and  they  are  on  that  account  very  suitable  for  cutting  glass. 

The  diamond  refracts  light  either  doubly  or  slnglv  according  to  its  outward  crystal- 
line structure.  Besides  its  great  refractive  power,  it  possesses  in  a  very  high  degree 
the  proper^  of  dispersing  coloured  light;  after  refraction  and  decomposition,  and  to 
this  property  is  to  be  especially  attributed  the  magnificent  play  of  colours  exhibited 
by  the  diamond. 

If  a  diamond  be  heated  to  redness  out  of  contact  with  air,  or  in  a  gas  by  which  it 
is  not  chemically  acted  upon,  it  is  not  altered  even  by  the  highest  temperature  attain- 
able, but  still  retains  its  characteristic  properties.  If,  however,  it  be  placed  between 
the  carbon  terminals  of  a  powerful  galvanic  battery,  it  is  converted,  with  evolution  of 
most  brilliant  light,  into  a  graphite-like  mass  having  a  metallic  lustre,  which  cannot 
be  reconverted  into  diamond. 

When  heated  in  the  air  the  diamond  bums  with  great  difficulty,  the  combustion 
beginning  only  at  a  temperature  of  about  1000°  C.  and  then  very  sluggishly.  It  burns 
F&pidly,  however,  in  an  atmosphere  of  oxygen.  Indeed,  when  brought  red-hot  into 
this  gas  it  bums  without  the  application  of  farther  heat. 

Tlie  largest  known  diamond  is  that  of  the  Eajah  of  Mattan  in  the  island  of  Borneo. 
It  weighs  367  carats  (carat  »  3^  gniins  troy),  and  is  of  the  purest  water.  The 
diamond  that  was  formerly  in  the  possession  of  the  Great  Mogul,  and  supposed  to  be 
still  in  his  country,  weighed  279  carats,  but  it  is  said  to  have  been  reduced  to  about 
half  its  original  weight  by  the  process  of  polishing.  Its  value  was  estimated  by  Taver- 
nier  to  be  about  420,000/.  The  Emperor  of  Hussia  has  in  his  possession  a  diamond 
which  weighs  193  carats.  It  was  bought  in  1 772  by  the  Empress  Catherine  of  a  Greek 
merchant  for  the  sum  of  90,000/.  besides  an  annuity  to  the  Greek  merchant  of  4,000/. 
The  diamond  in  the  possession  of  the  Emperor  of  Austria  weighs  139  carats;  the 
Regent  or  Pitt  diamond  of  the  late  Emperor  of  the  French  weighs  1 36  carats.  The 
iaemet  is  valued  at  about  105,000/.,  the  latter  at  about  97,500/.,  or  according  to  other 
estimates  at  185,000/. 

The  diamond  called  the  Koh-i-noor  (mountain  of  light)  weighs  186  carats.  The 
opbion  that  the  Koh-i-noor  is  identical  with  the  Great  Mogul  appears  to  be  incorrect, 
since  the  sketch  which  Ta vernier  gave  of  the  Great  Mogul  represents  this  diamond  as 
diflering  considerably  in  form  from  the  Koh-i-noor. 

Graphite  sometimes  possesses  a  definite  crystalline  form,  but  it  belongs  to  a  system 
entirely  different  from  that  of  the  diamond.  Graphite  is  opaque,  of  a  black  or  grey 
colour ;  it  has  a  metallic  lustre  and  is  a  good  conductor  of  heat  and  electricity,  while 
the  diamond  is  not  so  good  a  conductor  of  heat  as  graphite,  and  is  a  non-conductor  of 
electricity.    The  specific  gravity  of  graphite  varies  from  1*8  to  2-4. 

AmosTkhoQS  carbon  in  the  form  of  anthracite,  is  a  hard  black  substance  possessing 
eoBsideraDls  histre.  It  has  a  laminated  structure,  gives  a  black  streak  on  paper,  and 
is  veiT  firiab]*.    Its  specific  gravity  is  from  1  3  to  1*8. 

IfnieB  fubstanoM  containing  carbon  in  combination  with  hydrogen  and  oxygen 
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sometimes  also  with  nitrogen,  sulphur,  etc.,  are  strongly  heated  out  of  contact  with  air, 
hydrogen,  oxygen,  nitrogen,  and  sulphur  escape,  together  with  a  portion  of  the  carbon 
in  the  form  of  various  volatile  compounds,  but  the  greater  part  of  the  carbon  remains 
behind  as  charcoal.  This  charcoal  contains,  besides  the  ash-constituents  of  the  organic 
substance,  also  a  small  quantity  of  hydrogen,  which  clings  to  the  residual  carbon  so 
strongly,  that  it  must  be  kept  at  a  white  heat  for  a  considerable  time  before  it  gives 
up  the  last  portion  of  hydrogen.  If  it  be  desired  to  prepare  chemically  pure  carbon, 
pure  organic  compoimds  must  be  employed.  Thus  for  instance,  sugar  aftor  being  heated 
m  a  closed  vessel  for  a  long  time,  and  the  residue  eventually  exposed  to  a  white  heat, 
yields  chemically  pure  carbon.  Amorphous  charcoal,  obtained  by  the  heating  of 
organic  substances  with  exclusion  of  air,  is  a  good  conductor  of  electricity  and  a  bad 
conductor  of  heat. 

When  a  carburetted  gas,  or  the  vapour  of  a  volatilisable  organic  substance,  is 
passed  through  a  red  hot  tube  it  is  decomposed,  and  carbon  is  deposited  upon  the  inner 
8ur&ce  of  the  tube.  If  such  a  deposition  of  carbon  continues  gradually  for  a  consider- 
able length  of  time,  the  deposited  carbon  forms  a  very  dense,  compact  hard  crust. 
Carbon  in  this  condition,  is  found  in  the  retorts  used  in  the  manufacture  of  coal-gas, 
and  it  is  sometimes  sufficiently  hard  to  scratch  glass. 

The  carbon  obtained  from  any  organic  substance  by  heating  it  out  of  contact  with 
air,  is  always  amorphous  and  generally  soft  and  friable.  It  is  further  black  and  opaque, 
and  the  fracture  is  sometimes  lustrous,  but  more  generally  dull.  Its  specific  gravity 
varies  from  1  '5  to  2*0 ;  the  compact  carbon  deposited  in  gas  retorts  has  sometimes  a 
density  of  2;36. 

Some  kinds  of  charcoal  present  no  indication  of  the  form  and  structure  of  the 
organic  substances  they  are  obtained  from,  and  the  carbonaceous  residue  is  either  spongy, 
vesicular,  or  porous,  as  that  &om  gum,  sugar,  starch,  and  other  substances.  In  this 
case,  the  charcoal  presents  that  form  which  the  carbonised  substances  assumed  at  the 
moment  of  carbonisation.  If  these  substances  first  of  all  melt  upon  the  application 
of  heat,  the  molten  mass  froths  in  consequence  of  the  escape  of  gases,  and  as  this 
aerated  mass  solidifies  in  carbonisation,  it  retains  its  spongy  texture. 

Charcoal  in  a  pulverulent  form  is  obtained  when  infusible  substances  in  a  finely- 
divided  state  are  carbonised,  as,  for  instance,  saw-dust;  further,  when  an  or^fanic 
substance  is  mixed  with  a  large  quantity  of  a  refractory  body  in  a  state  of  fine  division, 
such  as  sand.  Carbon  is  obtained  in  the  finest  state  of  division  when  it  is  deposited 
from  a  gas  in  a  state  of  imperfect  combustion,  as,  for  instance,  when  the  flame  of 
highly  carbonaceous  materials,  such  as  pitch,  tar,  etc.,  burnt  with  a  limited  supply  of 
air,  is  suddenly  cooled.    Soot,  lamp-black,  etc.,  consist  of  carbon  in  this  condition. 

The  characters  which  the  three  modifications  of  carbon  possess  in  common  are  the 
following :  they  are  solid,  without  taste  or  smell ;  when  heated  out  of  contact  with  air 
they  are  unaltered,  and  they  resist  the  action  of  every  known  solvent,  but  when  heated 
in  contact  with  air  they  bum,  yielding  carbonic  acid. 

As  regards  combustibility  the  three  modifications  of  carbon  present  considerable 
differences ;  for  while  charcoal  burns  easily  when  heated  in  the  air,  graphite,  and  more 
especially  diamond,  can  only  bo  burnt  when  exposed  to  the  highest  temperatures. 

Carbon  does  not  manifest  any  marked  chemical  activity  at  ordinary  temperatures. 
A  very  remarkable  proof,  amongst  others,  of  this,  is  to  be  found  in  the  unaltered  state 
of  the  ink  upon  manuscripts  found  in  Herculanoum,  which  are  about  2,000  years  old. 
This  ink  consists  of  finally  divided  carbon  that  had  been  ground  up  with  some 
mucilaginous  liquid.  This  unchangeability  of  carbon  is  the  reason  why  wood  that  has 
been  superficially  carbonised,  lasts  even  in  moist  earth  for  a  very  long  time  without 
decaying. 

At  high  temperatures,  however,  carbon  combines  readily  with  oxygen  and  forms 
carbon  dioxide,  a  gaseous  compound  equal  in  volume  to  the  oxygen  combined  with  the 
carbon ;  but  carbon  docs  not  burn  with  fiame  because  it  is  incapable  of  volatilising. 

According  to  the  conditions  under  which  carbon  is  burnt,  two  different  products 
may  be  produced.  If  it  bo  burnt  with  an  abundant  supply  of  air,  or  as  is  commonly 
the  case  in  contact  with  a  large  excess  of  air,  it  combines  with  2-67  times  its  weight 
of  oxygen,  forming  carbonic  acid,  00^.  On  the  contrary  when  carbon  is  burnt  with  a 
deficient  supply  of  air,  the  lower  product  of  oxidation,  carbonic  oxide.  CO,  is  formed 
either  entirely  or  to  a  great  extent ;  in  the  application  of  carbon  for  heating  purposes  it 
is  therefore  one  of  the  chief  conditions  that  so  much  oxygen  shall  be  supplied  to  Ifie 
burning  carbon,  that  it  may  be  entirely  converted  into  carbonic  acid. 

Besides  the  direct  combination  with  free  oxygen,  which  takes  place  when  carbon  or 
any  combustible  carbonaceous  substance  is  burnt  in  atmospheric  air,  carbon  is,  under 
certain  conditions,  also  capable  of  abstracting  oxygen  from  many  compounds,  and  com- 
bining with  it.  Thus,  for  instance,  at  a  bright  red  heat  carbon  decomposes  carbonic 
dioxide,  combining  with  half  of  its  oxygen,  and  thus  converting  it  into  carbonic  ozide^ 
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C0,-l-C  =  2C0,  while  at  the  same  time  forming  an  additional  quantity  of  the  same 
snbflaDce.  Water-vapour  is  also  decomposed  by  carbon  at  a  red  heat,  the  oxygen  com- 
bining with  carbon,  while  the  hydrogen  is  separated  in  the  free  state.  Carbon  com- 
biiMS  in  like  manner  with  part  or  the  whole  of  the  oxygen  of  most  metallic  oxides, 
when  heated  in  contact  with  them  to  a  sufficiently  high  temperature,  and  in  many 
cues  the  metals  are  reduced  or  separated  in  the  free  state  as  regulu  s.  This  pro- 
eem  is  termed  redaction,  and  the  capability  of  effecting  deoxidation  in  this  way  is  a 
character  that  rendera  carbon  a  very  useful  agent  in  many  industrial  operations. 

Other  compound  substances  containing  oxygen,  such  as  sulphuric,  mtric,  and  other 
ozyacids,  as  well  as  their  corresponding  salts,  are  decomposed  in  the  same  manner 
when  heated  with  carbon.  The  deoxidation  thus  effected  is  often  only  partial,  as  in 
the  case  of  sulphuric  acid,  which  yields,  when  heated  with  carbon,  a  mixture  of 
snlphnroua  acid  and  carbonic  dioxide.  The  metallic  salts  may,  however,  be  completely 
deoxidiaed  by  heating  them  with  excess  of  carbon,  and  then  the  metals  often  remain 
combined  with  the  other  elementary  constituents  of  the  acid  oxides,  if  the  compound 
is  not  itself  decomposed  by  the  high  temperature  required.  In  such  cases  the  carbonic 
dioxide  formed  in  the  first  instance  is  decomposed  by  contact  with  the  excess  of 
carbon,  and  converted  into  carbonic  oxide.  Thus  barium  sulphate  yields  barium 
snl|^iide  and  carbonic  oxide,  when  ignited  with  carbon.  BaS04  +  4C  =  BaS  +  4C0. 
When  nitrates,  chlorates,  iodates,  etc,  are  heated  with  carbon  or  carbonaceous  sub- 
itanees,  the  combination  of  their  oxygen  with  carbon  takes  place  suddenly  and  with 
explosive  violence  and  great  evolution  of  heat,  rendering  the  mass  red  hot.  This  phe- 
DomenoQ  is  called  deflagration. 

Carbon  also  combines  directly  with  sulphur  vapour  at  a  rod  heat,  forming  carbon 
dii>ulphide,C^ 

In  the  presence  of  alkaline  substances,  and  at  high  temperatures,  carbon  combines 
with  nitrogen,  forming  cyanogen,  CN.  Under  the  influence  of  the  electric  arc,  it  combines 
with  hydx^ogen,  forming  acetylene,  C^H,,  and  at  very  high  temperature,  it  combines  in 
small  piToportion  with  some  metals,  for  instance,  in  the  manu&cturc  of  iron,  which 
always  contains  a  small  amount  of  carbon. 

CoKB. — ^This  form  of  carbon,  is  obtained  by  heating  certain  kinds  of  coal  out  of 
aecess  of  air.  The  process  is  entirely  analogous  to  that  of  the  carbonisation  of  wood ; 
hydrogen  and  oscygen,  contained  in  the  coal,  are  driven  off  chiefly  in  the  form  of  water, 
tOBciher  with  a  certain  amount  of  carbon  in  the  form  of  hydrocarbons  and  other 
TtMatile  carbon  compounds,  while  the  greater  portion  of  the  carbon  remains  mixed  with 
the  mineral  constituents  of  the  coal.  As  compared  with  coal,  coke  is  generally  very 
hard  (sometimes  even  scratching  glass),  compact,  and  lustrous ;  its  colour  varies  between 
grey  and  black ;  it  is  also  a  good  conductor  of  electricity  and  heat  In  consequence 
of  Uie  very  compact  texture  of  coke,  it  is  difficult  to  set  fire  to  it,  and  consequently, 
when  used  as  fuel,  it  requires  a  good  draught  or  a  blast  for  maintaining  its  combustion. 
When  once  in  a  state  of  combustion,  it  produces  a  very  considerable  degree  of  heat 

According  to  the  kind  of  coal  carbonised,  as  well  as  the  mode  of  conducting  the 
operation,  coke  presents  very  diverse  characters,  being  more  or  less  compact  or 
vesicular,  hard  or  friable,  and  sometimes  even  pulverulent 

Wood  Chabcoal. — Charcoal  often  retains  the  form  and  structure  of  the  organic 
nibstance  from  which  it  is  prepared.  This  is  especially  the  case  with  wood  charcoal, 
which  always  shows  quite  distinctly  the  structure  of  the  wood  that  has  been  carbon- 
ised. 

Bat  though  woo-l  charcoal  presents,  in  ite  outward  appearance,  the  peculiarities  of 
the  wood  from  which  it  has  been  made,  the  charcoal  of  a  particular  kind  of  wood  is 
not  always  of  the  same  character,  but  varies  somewhat  according  to  the  age  of  the 
wood,  and  the  conditions  under  which  it  has  been  grown,  partly  also  according  to  the 
temperatore  at  which  the  carbonisation  has  been  conducted.  The  denser  the  wood, 
and  the  drier  the  soil  upon  which  it  has  been  grown,  the  denser  is  the  charcoal  it  yields. 
Ghaicoal  is  also  denser  the  higher  the  temperature  of  carbonisation. 

A  knowledge  of  these  fiicts  is  of  practical  importance.  If  it  be  desired,  for  instance, 
to  produce  charcoal  which  shall  conduct  electricity,  only  such  charcoal  is  serviceable 
lor  the  parpose  as  has  been  prepared  at  the  highest  possible  temperature,  for  it  is  only 
the  denser  kind  of  charcoal  that  is  a  good  conductor  of  electricity.  On  the  other 
basd,  when  readilv  combustible  charcoal  is  required,  the  carbonisation  must  not  be 
esiried  on  at  too  high  a  temperature,  since  the  denser  sorts  of  charcoal  bum  with 
diillcaltrf. 

Charcoal,  like  all  porous  substances,  possesses  the  property  of  absorbing  gases  into 
ks  porfs.  The  more  porous  the  charcoal,  the  greater  is  its  absorbent  power,  and  on 
tkat  sceoont^  wood  charcoal  possesses  this  property  in  the  highest  degree.  The 
•biQipticiD  of  gases   by  charcoal  at  a  temperature  of  100^  is  very   slight,  but  it 
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begins  at  a  temperature  very  little  below  100°,  and  increases  as  the  temperature  falls. 
It  follows  therefore  that,  by  the  application  of  heat,  the  whole  absorbed  gas  may  be 
expelled  from  charcoal  that  has  become  saturated  with  any  gas  at  the  ordinary 
temperature.  In  like  manner,  the  gas  absorbed  by  charcoal  escapes  when  the  char* 
coal  is  placed  in  yacuum. 

In  order  to  determine  the  absorbent  action  of  charcoal  in  reference  to  any  particular 
gas,  a  piece  of  charcoal  that  has  been  freshly  heated  to  redness  is  weighed,  and  then 

S laced  in  a  graduated  glass  cylinder  containing  the  gas  and  inverted  over  mercury, 
'wing  to  the  absorption  of  the  gas,  x>art  of  it  disappears,  and  the  diminution  of 
volume  indicates  the  absorbing  power  of  charcoal  for  the  particular  gas. 

Although  wood  charcoal  possesses  the  greatest  absorbent  power  of  all  varieties  of 
charcoal,  still  this  capacity  of  absorption  varies  considerably,  according  to  the  kind 
of  wood  from  which  tne  charcoal  has  been  prepared.  Very  light  kindi  of  charcoal, 
with  very  large  pores,  as  well  as  very  dense  kinds,  absorb  very  much  less  of  a  gas 
than  charcoal  of  average  porosity.  For  instance,  the  light  charcoal  of  pine  wcHod, 
with  very  large  pores,  absorbs  only  lialf  as  much  gas  as  the  more  dense  charcoal  pre- 
pared from  oak  wood.  The  mechanical  division  of  the  charcoiil  is  in  like  manner  of 
importance.  Very  finely  powdered  charcoal,  as  well  as  very  large  pieces  of  charcoal, 
condense  less  gas  than  moderate  sized  pieces.  The  reason  of  this  is  obvious.  In  very 
fine  charcoal  powder,  the  pores  are  lessened  by  a  too  great  state  of  division  ;  in  large 
pieces,  the  communication  of  the  pores  from  their  interior  to  the  surface,  is  rendered 
very  difficult,  on  account  of  the  distance  ;  some  of  the  pores  do  not  communicate  with 
the  surface  at  all,  while  in  the  smaller  pieces,  more  of  the  pores  are  exposed,  and 
communicate  with  the  surface.  The  charcoal  of  cocoanut  shell  appears  to  have  the 
greatest  capacity  of  absorbing  gases. 

When  charcoal  is  already  saturated  with  a  gas,  it  absorbs  extremely  little  of  any 
other  kind  ;  on  this  account,  charcoal  exposed  to  the  air  loses  its  absorbent  property, 
by  becoming  saturated  with  gases  contained  in  the  atmosphere,  and  it  is  only  fit  for 
use  as  an  absorbing  agent  soon  after  having  been  heated  to  redness.  The  amount  of 
different  gases  that  the  same  kind  of  charcoal,  when  freshly  heated  to  redness,  is 
capable  of  absorbing  varies  considerably,  as  shown  by  the  following  table. 

Beediwood  Charcoal  Cocoannt  Chanx)al 

(SaoBBore).  (Hunter). 

90  times  its  volume  of  ammonia  gas    .        .  .171*7 

85  „  of  hydrochloric  oxide  gas 

65  „  of  sulphurous  oxide 

55  „  of  sulphuretted  hydrogen 

40  „  of  nitrous  oxide 

35  „  of  carbonic  dioxide         .         .        .67*7 

9*4  „  of  carbonic  oxide    .         .  .21*2 

9*25  „  of  oxygen 17*9 

7*5  ,,  of  nitrogen 

1  75  „  of  hydrogen. 

Freshly  burnt  charcoal,  or  charcoal  freshly  h edited  to  redness,  am  therefore  be  used 
for  removing  from  rooms  injurious  and  bad  smelling  gases. 

In  consequence  of  the  condensation  of  gases  in  the  pores  of  charcoal,  the  chemical 
activity  of  these  gases  is  often  augmented  in  a  high  degree.  Thus,  for  instance,  if  a 
piece  of  wood  charcoal  saturated  with  suphurctted  hydrogen  gas  be  placed  in  an 
atmosphere  of  oxygen,  a  violent  reaction  takes  place,  sometimes  amounting  to  explo- 
sion, water  and  sulphurous  acid  being  produced.  If  ordinary  atmospheric  air  be 
employed  in  the  place  of  pure  oxygon,  the  oxygen  it  contains  combines  more  slowly 
with  the  hydrogen  of  suphuretted  hydrogen,  but  not  with  the  sulphur,  which  is  there- 
fore deposited.  This  reaction  occurs  frequently  where  air  comes  into  contact  with 
sulphuretted  hydrogen  in  the  presence  of  porous  substances. 

The  oxygen  of  atmospheric  air  absorbed  by  charcoal  is  converted  into  carbonic 
dioxide  by  combining  with  the  carbon,  and  consequently  the  gas  expelled  from  char- 
coal that  has  been  exposed  to  the  air  for  some  time  consists  entirely  of  nitrogen  and 
carbon  dioxide. 

Since  charcoal  absorbs  most  fetid  substances  with  great  energy,  the  absorbent 
action  of  charcoal  is  also  taken  advantage  of  in  order  to  remove  bad  smelling  impuri- 
ties from  liquids,  in  the  same  way  that  it  is  made  useful  in  removing  bad  odours 
from  the  air.  In  order,  for  example,  to  deprive  crude  alcohol  made  from  com,  or 
potatoes,  of  the  unpleasant  fusel  oil  it  is  contaminated  with,  the  spirit  is  allowed  to 
remain  a  short  time  in  contact  with  charcoal,  before  being  distilled  {vide  *  Alcohol '). 

Charcoal  lying  exposed  to  the  air,  absorbs  moisture ;  and  this  takes  place  with 
such  rapidity,  that  in  course  of  only  a  few  days,  the  charcoal  will  have  taken  up  from 
the  air  as  much  water  as  it  is  capable  of  absorbing. 
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According  to  CheyreuBe,  100  parts  of  charcoal  exposed  to  an  atmosphere  almost 
satonted  with  moisture,  exhibit  the  following  degrees  of  absorption  : 


Charcoal  of  poplar 

wood:  not  heated 

to  redness. 

Charcoal  of  poplar 

wood :  heated  to 

redness. 

Charcoal  of  gnaia- 

cum  wood  :  not 

heated  to  rednen. 

Charcoal  of  goaia- 

cum  wood:  heated 

to  redness. 

Ist  day   . 
3rd  day  . 
30th  day. 

1-76 
2-36 
2-36 

1-53 
2-30 
2-35 

0-68 
0-82 
110 

0-21 
0-40 
0-94 

When  charcoal  is  immersed  in  water,  it  absorbs  much  more. 
abiorption  is,  for  100  parts : 

Of  poplar  wood  charcoal,  not  heated  to  redness 
Of  „  heated  to  redness 

Of  gnaiacnm  wood  charcoal,  not  heated  to  redness  . 
Of  ..  heated  to  redness 


*t 


In  this  case,  the 

76-3 

48-2 

7-7 
4-6 


Siiiee  chazooal  ia  sold  by  weight,  regard  must  be  had  to  ita  prope^y  for  absorbing 
:  for  any  water  thus  absorbed,  has  a  double  disadvantage,  inasmuch  as  it  not 
only  increasefl  the  weight  of  the  charcoal,  but  having  also  to  bo  evaporated,  it  lessens 
its  heating  effbct.  The  charcoal  of  commerce  is  never  entirely  free  from  mechanically 
adhering  water,  but  always  contains  from  eight  to  twelve  per  cent  of  water. 

AxiMAf.  Cklbcoajl. — A  further  peculiar  action  of  charcoal  is  exorcised  upon 
dissolved  colouring  matters,  especially  by  bone  charcoal,  which  deprives  most  coloured 
liquids  of  their  colour-substances,  by  condensing  them  into  its  pores.  Thus,  red  wine, 
solutions  of  cochineal  or  madder,  or  a  neutral  solution  of  indigo  in  sulphuric  acid,  etc, 
may  be  decolorised  by  charcoal.  This  decolorising  action  of  chared  is  frequently 
employed  on  a  larse  scale  in  various  industrial  operations,  especially  in  the  manufac- 
ture of  sugar,  for  decolorising  the  cane-juice  in  the  preparation  of  raw  sugar  and  for 
decolorising  the  solution  of  raw  sugar  in  refining  (viiU  '  Sugar  Manufacture '). 

The  various  kinds  of  charcoal  differ  very  considerably  in  regard  to  their  respective 
decolorising  powers.  The  charcoal  most  efficacious  for  decolorising  is  the  nitrogenous 
diarooal  obtained  by  carbonising  bones  or  other  animal  substances,  and  it  is  this  kind 
chiefiy  that  is  practically  employed  for  the  purpose. 

The  decolorising  action  of  charcoal  was  discovered  in  the  year  1790  by  the  Eussian 
ehemist  Lowitz.  By  the  year  1 708,  this  property  of  charcoal  was  already  turned  to 
account  in  the  sugar  manu£Eu:ture,  it  being  employed  in  the  decolorisation  of  the  beet 
juice.  Wood  charcoal,  however,  which  at  that  time  was  exclusively  used,  accomplished 
this  end  only  imperfectly ;  but  in  1811,  Figuier  of  Montpellier  discovered  that  animal 
chsTCoal  had  a  much  more  powerful  decolorising  action  than  wood  charcoal,  and  two 
years  later  its  use  was  introduced  by  Dorosne,  Payen,  and  Pluvinet,  into  tho  sugar 
manufacture  in  the  place  of  that  of  wood  charcoal. 

When  charcoal  is  saturated  with  colouring  matter,  it  does  not  exercise  any  further 
decolorising  action ;  but,  if  the  colour-substances  it  has  absorbed  be  separated  by 
solvents  or  destroyed,  either  by  fermentation  or  by  heating  the  charcoal  to  redness 
with  eaEclosion  of  air,  it  again  acquires  its  decolorising  power.  This  process  is  termed 
the  revivification  of  the  charcoal. 


■ — A  number  of  different  methods  of  preparing  carbon  are  practised 
for  various  purposes,  but  all  of  them  consist  essentially  of  subjecting  combustible 
carbonaceons  materials  to  the  action  of  heat,  either  entirely  out  of  contact  with  atmo- 
spheric air,  or  in  such  a  way  that  tho  supply  of  air  is  only  sidficient  for  the  combustion 
of  the  Tolatilisable  portion  of  the  materials.  In  a  general  way,  this  process  is  termed 
rarbonisation  or  charring.  It  is  practised  most  extensively  for  the  purpose  of 
rendering  certain  materials  more  suitable  for  use  as  fuel  in  many  metallurgical,  and 
other  operations. 

Wood  Ckascoai^ — The  carbonisation  or  charring  of  wood,  is  generally  carried  out 
in  heaps,  or  piles  bnilt  up  of  logs  or  billets  of  wood,  arranged  either  vertically  or 
horizontally,  and  covered  with  earth  in  order  to  keep  out  air.  The  heat  required  is 
produced  by  setting  fire  to  the  heap  at  the  interior,  and  allowing  a  portion  of  the  wood 
to  bom  slowly  with  a  verv  limited  supplv  of  air,  in  such  a  way  that  the  requisite  heat 
is  prodiu^  by  the  wood  which  is  undergoing  carbonisation.  In  this  carbonising 
fioecss,  volatile  by-products  are  produced  (pyroligneous  acid,  tar,  etc.),  and  as  these 
are  of  vmloe,  the  carbonisation  of  wood  is,  in  many  cases,  carried  out  in  closed  ovens, 
provided  with  condensing  apparatus  for  the  condensation  of  the  volatile  products. 
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The  mode  of  heating  wood  bM  very  great  iDflnettce  upon  (be  amoDDt  of  cbuconl 
produced.  If  vood  be  heated  io  lach  a  my  that  the  temperature  rises  gradualij, 
more  cbarcoul  ia  obtained  than  when  the  wood  u  rapidly  brought  to  a  high  tempeltt- 
tuFS.  Kimten  oblnined  the  fotlowing  reiults  from  compamtive  experiments  made  in 
this  direction. 


Kind  ol  Wood  CbhTTtO. 

PcroinUgeunoaDt 
Bapid  baitlnK. 

>f  CbATOool  oblaliLAj. 
Slon  hesUng. 

Young  oak  wood 

Oldoatwood 

Young  red  beech  wood          .... 

Old  red  beech  wood 

Young  white  beech  wood       .... 

Old  white  beech  wood 

Young  aider  wood 

Old  alder  wood 

Young  birch  wood 

Old  biRh  wood 

Young  pine  wood 

Old  piEe  wood 

Young  fir  wood 

Old  flr  wood 

Young  Scotch  fir  wood         .... 

Old  Scot-^h  fir  wood 

Lime  wood 

16-.H 
1601 
14-87 
MIS 
13-12 
13'65 
14-45 
ISM 
1305 
12-20 
14-25 
1405 

ie-22 

16-36 
15-62 
13-75 
13-30 

23-60 
2S-7I 
26-87 
28-15 
26-22 
28-46 
25-66 
25-66 
25-05 
24-70 
26  26 
2500 
27-72 
24-75 
26-07 
26  B6 
24-80 

CoKX. — The  carbonisatioD  of  coal  is  conducted  very  much  in  the  same  maoDer  u 
wood  charcoal  Is  prepared,  and  with  the  same  general  result  of  obtaining  a  material 
consisting  chiefly  of  carbon.  But  in  addition  to  the  BeparBtion  of  the  rolatilisable 
portion  of  coal  by  which  that  reBult  is  produced,  the  carbonisation  of  coal  haa,  in  maDj 
caiea,  a  further  iiaportant  infiuence  npon  its  applicability  aa  fuel  for  many  purpoeea. 
This  coDBiBts  in  the  total  or  partial  sejsrntion  of  the  Bulphur.  with  which  some  kind* 
of  coal  are  largely  contaminated  in  the  state  of  pyrites,  a  minerol  coneietingof  sniphnr 
in  combination  with  iron.  At  the  tcmpemture  requisite  for  carbonising  coal,  this 
substance  is  decomposed,  giviug  OS's  considerable  poition  of  ita  salphur,  which  escapes 
with  the  other  Tolatilised  products  oF  carbonisation. 

Coke  is  prepared  both  in  h«ip9  or  ridges  like  wood  charcoal  and  in  close  OTons;  but 
when  coko  is  premred  for  uee  as  foel,  the  oveus  are  never  heated  oiternally  for  liie 
purpose  of  effecting  the  carbon isution,  as  is  sometimes  the  case  with  wood. 


The  coke  orens  employed  for  carbonising  coal,  are  generally  ia^  arched  chamber* 
of  strong  brickwork,  with  adoorin  front  for  charging  in  the  coal  and  an  aperture  on 
the  crown  of  tbe  arch  for  the  escape  of  the  Tolatilised  prodacts  of  carbonisation.  A 
mngr  of  such  oreus  ii  represented  by  fig.  21, 
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In  usixig  these  otoiib  for  making  coke,  they  are  first  made  red  hot  by  burning  ftiel 
in  them,  and  then  are  charged  with  a  sufficient  quantity  of  raw  coal,  which  is  ignited  by 
the  hot  brickwork,  and  is  allowed  to  bum  by  keeping  the  front  doors  of  the  ovens  open 
as  long  as  dense  smoke  or  fiame  escapes  through  the  aperture  at  the  top  of  the  ovens. 
¥nien  this  discharge  of  smoke  and  flame  has  nearly  subsided,  the  doors  are  closed  and 
the  apertures  at  the  top  covered  up.  The  ovens  are  left  in  this  condition  for  several 
hours,  and  then  water  is  thrown  upon  the  incandescent  mass  of  coke,  to  cool  it 
sufficiently  for  its  being  drawn  out  without  continuing  to  burn. 

AsiMAJj  Chabcoal. — The.  manufacture  of  animal  charcoal  is  generally  carried  on 
in  the  neighbourhood  of  large  towns,  because  it  is  in  such  places  that  the  requisite 
supply  of  bones  can  be  best  secured. 

'^^en  bones  are  heated,  the  organic  substances  are  decomposed  and  carbonised. 
Volatile  substances  are  formed,  some  of  which  are  combustible  gases  tliat  do  not  con- 
dense upon  cooling,  but  escape,  while  others  condense  and  form  a  heavy  oily  layer  (bone 
oil)  and  an  aqueous  layer,  which  has  a  tarry  smell  and  colour,  and  contains  ammo- 
niacal  salts  in  solution.  In  the  residue  are  found  the  inorganic  constituents  of  the 
bones,  uniformly  mixed  with  more  or  less  finely  divided  carbon,  and  constituting 
animal  charcoal.  Upon  heating  this  in  the  air  the  carbon  is  burned  and  the  inorganic 
eonstituents  of  the  bones  remain  as  a  grey  or  white  substance,  known  asbone  ash. 
But  if  the  charcoal  be  treated  with  warm  dilute  hydrochloric  acid,  the  inorganic  salte 
are  remored  and  pure  carbon  remains  behind. 

The  carbonised  bone,  coarsely  powdered,  is  used  under  the  name  of  animal  black 
for  decolorising  purposes;  finely  powdered,  it  is  termed  burnt  ivory  or  bone 
black,  and  is  used  in  the  production  of  black  paint,  and  especially  of  blacking  for 
boots. 

The  carbonisation  is  conducted  differently  according  as  it  is  desired  to  obtain  only 
the  charcoal,  or  to  collect  also  the  condensible  volatile  products.  In  the  latter  case 
the  carbonisation  is  conducted  in  retorto  like  those  used  in  the  production  of  wood 
vinegar  {vide  '  Acetic  Acid  *),  and  the  wateiy  distillate  can  be  worked  for  ammonium 
nlt3  (chloride  and  sulphate).  If  the  operation  is  confined  to  obtaining  the  non-vola- 
tile animal  charooal,  only  a  simple  apparatus  is  necessary,  and  an  important  saving  in 
fuel  is  effected. 

Aocarding  to  the  method  at  one  time  generally  adopted,  cast-iron  crucibles  12 
inches  in  diameter  and  16  inches  high  were  used.  These  crucibles,  filled  with  broken- 
up  bones,  were  put  into  large  Aimaces,  five  crucibles  being  placed  one  on  another,  so  that 
the  covers  of  the  lower  ones  were  formed  by  the  crucible  next  above  them,  and  only 
the  top  cradble  required  a  special  lid.  More  recently,  crucibles  made  of  fire-clay 
have  been  used,  the  size  and  form  remaining  the  same.  These  fire-clay  crucibles 
have  the  advantage,  that  from  an  equal  quantity  of  bones  more  charcoal  is  obtained, 
beeanse  they  do  not  lose  their  round  form  upon  being  heated.  Consequently  they  fit 
closer  upon  one  another,  less  air  can  penetrate,  and  therefore  less  charcoal  is  burnt 
Moreover,  since  the  clay  is  a  bad  condenser  of  heat,  the  carbonisation  takes  place 
mom  slowly  in  the  fire-clay  crucibles,  and  less  volatile  products  are  formed. 

It  has  also  been  found  advantageous  not  to  place  the  crucibles  one  upon  another, 
but  side  by  side ;  only  one  row  of  crucibles  being  then  placed  in  the  furnace.  With  the 
exception  of  the  height  of  the  oven,  the  other  arrangQmente  remain  the  same. 

The  furnace  oonsiste  of  a  fiat  hearth,  having  a  superficial  area  uf  about  40  square 
yards,  eovered  in  with  a  fiat  arch.  The  fireplace  is  in  the  middle  of  this  space  ;  the 
cmdbles  are  introduced  and  removed  through  doors  at  the  front  upon  ironbars,  let  in 
to  the  brickwork,  and  they  are  easily  moved  to  and  fro  by  means  of  long  hooked  rods. 
Each  ftimace  holds  eighteen  crucibles.  The  lids  are  luted  on  to  the  crucibles  with 
tiMj.    As  soon  as  the  furnace  is  filled,  the  doors  are  bricked  up  with  a  double  row  of 

bneks. 

It  is  advisable  to  build  several  such  furnaces  adjoining  each  other,  and  especially 
to  couple  two  back  to  back,  so  as  to  economise  heat  and  fuel.  It  is  advantegeous  also 
to  have  a  rorivification  fiimace  between  two  pair  of  carbonising  furnaces,  so  that  the 
fame  of  the  four  furnaces  serves  for  the  heating  of  the  fifth. 

When  the  crucibles  have  been  placed  in  the  furnace,  the  temperature  is  gradually 
laised  to  a  red  heat,  and  is  maintained  ut  that  point  for  six  or  eight  hours.  As  soon 
as  the  deeoDiposition  of  the  bones  conmiences,  a  large  quantity  of  combustible  vapour 
u  evolved,  which  takes  fire  and  bums  in  the  furnace.  So  much  heat  is  thus  developed 
that  only  a  small  quantity  of  fuel  is  required.  When  the  decomposition  is  completed 
the  eruobles  are  drawn  without  waiting  for  the  cooling  of  the  oven,  and  the  furnace 
is  at  ooee  charged  with  fresh  crucibles,  whilst  the  others  are  cooling. 

A  uniform  aod  sufficient  temperature  is  especially  important  in  the  carbonisation 
of  boDM.    InsuflEcient  heating  yields  a  charcoal  containing  a  portion  of  organic  sub- 
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stance  not  yet  decomposed,  which  dissolves  in  the  aqneons  flnid  to  be  decolorised  and 
communicates  to  it  a  strong  loathsome  smell.  A  charcoal  burnt  at  too  high  or  too 
long  continued  a  temperature  yields  too  dense  a  product,  the  surface  exposed,  and 
therefore  the  decolorising  power  of  the' charcoal,  being  propoitionally  reduced.  It  is 
consequently  necessary  not  only  to  bum  the  bones  sufficiently,  but  also  to  prevent 
the  temperature  from  rising  too  high. 

In  two  furnaces  such  as  are  here  described,  more  than  a  ton  of  bones  can  be  carbon- 
ised at  one  time,  and  four  charges  may  be  worked  daily.  The  yield  ia  about  60  per 
cent.,  or  altogether  about  2^  tons  of  animal  charcoal. 

After  cooling  in  the  crucible,  the  charcoal  is  crushed.  If  it  be  required  for  de- 
colorising purposes,  care  must  be  taken  to  avoid  as  much  as  possible  the  production 
of  a  fine  powder,  as  this  is  less  valuable  than  charcoal  in  small  lumps.  In  order  to 
obtain  the  charcoal  in  lumps  rather  than  in  powder,  the  burnt  bones  are  broken  up  by 
means  of  grooved  rollers  consisting  of  toothed  disks  alternately  of  10  and  12  inches  in 
diameter.  Two  such  cylinders  are  so  arranged  that  the  smaller  disks  of  one  are  oppo- 
site the  larger  disks  of  the  other,  and  in  revolving,  the  bones  are  crushed  between 
them  without  being  pulverised.  To  obtain  the  charcoal  in  sufficiently  small  lumps 
without  much  fine  powder,  the  bones  are  passed  through  six  of  these  mills,  the  rollers 
of  each  successive  mill  being  set  closer  together  than  those  of  the  previous  one.  By 
an  arrangement  of  sieves,  the  fine  nowder  is  separated  from  the  lumps,  and  these 
are  again  separated  according  to  their  size. 

Bones  are  sometimes  carbonised  in  perpendicular  iron  cylinders,  several  of  which 
are  heated  by  one  common  fire.  At  the  bottom  of  each  cylinder  is  a  slide  for  the 
removal  of  the  charcoal ;  on  the  top  is  a  lid  with  a  tube  for  evolved  gases  and 
vapour.  These  tubes  extend  into  the  flue  by  which  the  distillation  products  escape. 
The  charging  of  the  cylinders  is  effected  from  above  through  the  lids,  which  are  then 
luted  with  clay.  After  heating  for  two  hours,  the  charcoal  is  withdrawn  by  opening 
the  slides  underneath  ;  it  is  cooled  in  iron  boxes  closed  from  the  air  as  much  as  pos- 
sible. These  retorts  can  be  so  arranged  that  the  distillation  products  are  condensed 
and  thereby  gained  in  addition. 

The  preparation  of  animal  charcoal  can  also  be  carried  on  in  combination  with 
that  of  gas  for  lighting.  This  method,  however,  has  not  hitherto  presented  sufficient 
advantages  over  the  manufacture  of  such  gas  from  other  materials. 

LiLMP-BLACK. — The  finely  divided  carbon  known  as  lamp-black  is  prepared  on  a 
large  scale  in  the  following  manner.  Fat,  oil,  rosin  or  resinous  wood,  tar,  etc.,  are 
allowed  to  bum  with  an  imperfect  supply  of  air,  either  in  a  brick  furnace,  or  in  cast- 
iron  chambers,  and  the  products  of  combustion  are  conducted  through  a  long  brick- 
work fine  into  a  large  chamber  of  timber  or  brickwork.  From  the  ceiling  of  this 
chamber  is  suspended  a  large  hood  of  woollen  cloth,  which  nearly  fills  the  chamber, 
and  upon  its  surface  most  of  the  lamp-black  is  deposited  ;  only  the  loose  light  soot 
finds  its  way  into  this  chamber,  the  more  dense  or  heavy  soot  remaining  behind  in  the 
brickwork  fine.  In  many  places,  the  products  of  combustion,  after  being  evolved  in 
the  flue,  are  conducted  through  a  number  of  sacks  placed  in  connection  with  it,  in  which 
the  lamp-black  is  collected. 

In  some  districts  of  France,  lamp-black  is  obtained  in  a  very  simple  way.  Besinous 
substances  are  burnt  in  a  wooden  chamber,  the  walls  of  which  are  hung  with  coarse 
cloth.  The  resinous  materials  are  ignited  in  vessels  of  clay  or  iron.  The  soot  produced 
deposits  itself  upon  the  rough  surface  of  the  cloth,  from  which  it  is  afterwards  scraped 
off 

An  especially  fine  quality  of  lamp-black  is  obtained  from  oil,  waste  fat,  mineral 
oils,  and  the  like,  by  means  of  lamps  constructed  for  the  purpose. 

The  arrangement  of  an  apparatus  of  this  kind  is  shown  by  figs.  22  and  23.  The 
vessel  (a)  contains  oil,  the  level  of  which  is  kept  constant  by  means  of  a  globular  vessel 
(b)  also  filled  with  oil,  and  inverted  over  a.  From  the  vessel  (a)  the  oil  fiows  into 
the  tube  (o),  bent  at  right  angles  at  its  other  extremity,  which  must  be  on  a  level 
with  the  oil  in  A.  This  tube  is  furnished  with  a  cotton  wick,  and  at  c/  is  a  spout,  by 
means  of  which  any  overflowing  oil  is  conducted  into  the  vessel  c"  placed  beneath  it. 
The  flame  is  surrounded  by  a  conical  hood  (d),  which  terminates  in  a  tube  (df).  Through 
this  tube,  the  sooty  products  of  combustion  are  conducted  into  the  broad  horizontal 
tube  {cPdf).  This  latter  tube  receives  the  products  of  combustion  from  eight  or  ten  or 
more  lamps  placed  at  intervals  of  about  six  feet  from  one  another,  as  shown  by 
fig.  23. 

The  wide  tube  {d')  serves  to  cool  the  smoke,  as  well  as  to  collect  water  and  other 
liquids^  which  the  smoke  deposits.  From  this  tube,  the  smoke  passes  into  the  fir^t 
sack  le)  made  of  linen  of  close  texture,  the  length  of  which  is  about  ten  to  twelve  feet, 
and  tne  diameter  three  feet :  this  is  closed  below  with  a  trap  or  slide  (ef).     The  upper 
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aad  lovec  sodi  i^  the  vwk  coniiflt  of  fdntiGl-Bhaped  tnbes,  made  of  eheet  coppo'.  Tha 
upper  tabe  Mmuoataa  in  a  fbzther  additiocsl  pipe  (f),  through  which  Uie  nnoke  paMM 
into  the  BecoDd  nek  (j),  which  baa  eiscUy  tha  wme  wnetractiaa  as  the  flFit.  From 
the  •KODil  nek,  the  smoke flDdi  its  «a;  into  the  third;  from  thence throogh  i,  and  so 
DO,  into  the  l&it  (0). 

The  lower  extcemi^  of  the  last  wck  of  each  row  is  coonectod  with  a  horiioDtal 
flu*  (rX  containing  ftunes  eorered  with  wiro  gauze,  and  mounted  on  hinges.    This 
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anaagmient  sarvcs  to  retun  the  last  pc^oDs  of  lamp-black  carried  over  widi  tha 
moke  from  the  met.  Since  the  wire  game  (o)  very  soon  becomes  choked  with  soot,  the 
diaoghl  Is  checked  and  it  bos  to  be  cleaned  at  iDlorrBls :  tbie  operation  ie  performed 
bj  mrani  of  the  rod  (t).  wtiich  being  raieed  and  allowed  to  fall  suddenly,  jerks  the  soot 
offtbesieTe.  The  oUier  end  of  the  flue  (f)  termioHteB  in  a  chimnej,  by  which  the 
dimnght  of  air  Sowing  through  the  entire  apporatna  can  be  regulated. 

The  remoral  of  the  black  in  effected  by  opening  the  mouth-pieces  at  the  lower  end 
<tf  the  ascke,  and  -hfHtig  ont  the  contents. 

This  arrangement  admits  of  the  prodncts  of  the  different  sacks  being  separately 
coUected.  The  product  in  the  flret  sack  is  generally  kept  apart  firom  that  of  the  rest, 
■•  it  is  not  so  pore,  containing  reeinons  or  tany  subalnnces. 

In  the  neipibonihood  of  Saarbrucken,  a  coarse  sort  of  lamp-black  i>  obtained  bj 
tkaesanbtutionof  highljbitnminonscool.     TbeappaiBtns  consists  of  a  long  ilightlj 
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ascending  brickwork  flae,  in  whi«ii  the  coftl  is  burnt  with  a  supply  of  air  insufficient 
for  complete  combustion.  The  sooty  products  of  combustion  pass  into  a  vaulted 
chamber,  where  a  part  of  the  soot  is  deposited.  This  chamber  is  connected  with  three 
others,  decreasing  in  size,  and  placed  vertically  above  one  another.  The  products 
obtained  from  each  of  the  three  chambers  are  collected  separately,  since  they  differ 
in  quality,  the  best  being  found  in  the  last  chamber.  The  amount  of  lamp-black  thus 
obtained  is  very  small :  one  thousand  parts  of  coal  vielding  only  about  thirty-three  parts 
of  .lamp-black.  The  coke  obtained  at  the  same  time,  and  amounting  to  about  40  or 
50  par  cent.,  is,  however,  a  valuable  product. 

Before  lamp-black  is  packed,  it  has  generally  to  undergo  the  operation  of  sifting. 
It  is  packed  either  in  sacks,  barrels,  or  casks.  If  it  be  packed  in  sacks,  they  should  be 
previously  soaked  in  water  containing  clay,  which  stops  up  the  meshes,  and  thus 
prevents  loss  of  the  lamp-black. 

Commercial  lamp-black  is  not  altogether  pure  carbon :  but  alwa3rs  contains  small 
proportions  of  other  substances,  as  shown  by  the  following  analysis  by  Braconnot : 

Carbon 791 

Besinous  substances 5'3 

Combustible  oily  substances 1*7 

Ulmin 0*6 

Ammonium  sulphate 3*3 

Potassium  sulphate 0*4 

Calcium  sulphate 0*8 

Calcium  phosphate  (containing  a  large  percentage  of  iron)  0*3 

Potassium  chloride traces 

Silicious  sand 0*6   ' 

Water 80 

Commercial  lamp-black  can  be  purified  by  heating  it  to  redness  in  well-closed  cru- 
cibles or  cylinders,  to  decompose  resin  and  other  organic  substances.  In  order  to  get 
rid  of  mineral  substances,  it  must  be  treated  with  hydrochloric  acid,  and  the  excess  of 
acid  afterwards  removed  by  frequent  washing  with  water.  After  lamp-black  has  gone 
through  these  processes,  pure  carbon  remains,  contaminated  only  with  a  very  small 
quantity  of  sand. 

Vses. — Besides  the  extreme  rarity  of  the  diamond  and  its  hardness,  which  is 
only  excelled  by  boron,  its  lustre  and  refractive  power  also  add  to  its  high  value. 
Until  the  method  of  cutting  and  polishing  rough  diamonds  was  known,  they  possessed 
a  comparatively  small  value.  It  is  curious  that  the  Boman  stone  polishers  made  use 
of  diamond  powder  for  polishing  other  stones,  but  never  for  polishing  the  diamond 
itself. 

The  art  of  cutting  and  polishing  the  diamond  was  discovered  in  1476  by  Louis  de 
Berguen.  This  substance  can  be  easily  split  in  the  direction  of  the  octahedral  surfaces 
of  a  reg^ular  octahedron,  and  since  the  grinding  of  diamonds  is  an  extremely  tedious 
operation,  advantage  is  taken  of  this  deayage  in  order  to  give  them  Ivefore  polishing 
the  approximately  desired  form.  For  this  purpose  it  is  necessary  to  determine  the 
direction  of  the  cleavage  of  the  diamond  with  precision,  and  this  requires  great  experi- 
ence as  well  as  great  manipulative  skill.  When  the  direction  of  cleavage  is  ascertained, 
the  parts  to  be  removed  are  split  off  by  the  application  of  a  knife  aided  by  a  blow  with 
a  small  hammer.  This  being  accomplished,  the  formation  of  facets  is  proceeded 
with.  For  this  purpose,  the  diamond  is  so  feistenod  in  the  end  of  a  stick,  or  handle,  of 
iron  by  means  of  a  cement  made  of  tin  solder  that  the  part  which  is  to  be  ground 
down  is  left  projecting.  This  projecting  part  is  rubbed  with  strong  pressure  against 
a  second  diamond  also  fixed  in  a  similar  manner,  and  thus  the  two  stones  are  mutually 
abraded  and  acquire  the  fiat  surfaces  or  facettes  desired.  Other  facettes  are  formed 
in  like  manner  after  shifting  tlie  diamond  into  fresh  positions  in  the  cement. 

The  last  operation  of  polishing  is  executed  in  the  following  way.  The  diamond  to 
be  polished,  is  fastened  in  a  small  socket  of  copper  with  tin  solder,  and  by  means  of  a 
special  contrivance  this  socket  is  pressed  against  a  rapidly  rotating  disc  of  steel,  upon 
the  surface  of  which  a  small  quantity  of  diamond  powder  (bort)  mixed  with  oil,  has 
been  previously  placed.  The  polishing  is  continued  until  a  £&cette  is  complete,  then 
the  stone  is  reset  and  the  other  fiicets  polished  in  like  manner. 

The  bort  is  obtained,  either  by  the  mutual  abrasion  of  rough  diamonds  or  by 
crushing  useless  diamonds  and  diamond  chippings  to  powder  in  a  steel  mortar. 

Some  diamonds  are  so  hard  that  they  cannot  be  polished.  These  can  only  be  used 
as  glazier's  diamonds,  or  for  polishing  other  diamonds  and  precious  stones. 

The  most  simple  form  of  the  polished  diamond  is  that  of  the  rose,  which  is  fiat 
beneath,  while  the  upper  portion,  which  has  in  all  24  facets,  forms  a  pyramid  having 
triangular  faces. 
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A  mare  VBlued  form  of  the  diamond  is  the  brilliant,  the  greatest  diameter  of  which 
18  at  two-thirds  of  its  height.  The  upper  part  which  projects  beyond  the  setting  and 
is  termed  the  parilion  or  crown  is  hsdf  the  height  of  Uie  under  part  within  the  setting 
which  is  termed  the  collet  (culasso). 

Bendea  the  application  of  diamonds  for  purposes  of  dress  and  decoration,  as  being 
the  most  Taluable  of  all  precious  stones,  they  are  of  considerable  use  industrially.  On 
•fecoant  of  their  great  hardness  they  are  used  as  bearings  for  the  piTots  of  aelicate 
wmtches.  They  serve  farther,  as  has  already  been  mentioned,  for  polishing  other  pre- 
cious stones,  for  drilling,  rock  boring,  and  especially  for  cutting  glass. 

For  a  long  time  it  was  supposed  that  the  action  of  the  diamond  in  cutting  glass 
depended  upon  the  hardness  of  the  diamond  and  upon  its  simply  scratching  when  it 
was  psswed  over  the  surfietce  of  a  piece  of  glass ;  but  Wollaston's  researches  showed 
that  in  cutting  glass  with  a  diamond,  though  the  rounded  edge  of  the  diamond  cer- 
tainly does  in  the  first  instance  scratch  the  glass,  it  then  penetrates  the  glass  like  a 
wedge  and  thus  produces,  under  the  part  scratched,  a  continuous  crack.  It  is  for  this 
reason  that  polisned  diamonds  with  perfectly  even  faces  are  useless  for  the  purposes  of 
the  glazier,  it  being  necessary,  in  order  that  the  diamond  may  act  like  a  wedge,  that 
the  eige  made  use  of  should  be  formed  by  curved  faces,  as  is  the  case  in  the  rough 
diamond. 

One  of  the  chief  applications  of  graphite  is  for  making  lead  pencils.  Graphite  is 
also  used,  mixed  with  clay,  for  the  production  of  plumbago  crucibles,  which  are  cap- 
aUe  of  bearing  a  high  temperature. 

Carbon  has  long  been  employed  in  ctrawing  and  writing.  The  most  suitable  kind 
for  this  purpose  is  vegetable  charcoal ;  for  owing  to  its  softness,  it  more  readily  makes 
a  mark  upon  paper.  In  ancient  times,  ink  was  prepared  from  wood  charcoal,  which 
was  first  finely  powdered,  and  then  mixed  with  a  mucilaginous  liquid. 

China  ink,  or  Indian  ink,  as  it  is  called,  is  prepared  from  the  soot  obtained  by 
burning  the  oil  of  Sesamum  orientaUy  less  frequently  from  other  forms  of  soot, 
mixed  with  size  or  gum  water,  and  dried.  Frequently,  the  ink  is  mixed  with  some 
aromatic  material,  such  as  camphor;  but  its  essential  characters  are  not  thereby 
altered.  Printers'  ink  consists  of  carbon  in  a  very  fine  state  of  division,  mixed  with 
boiled  linseed  oil  to  a  thin  pap. 

The  other  pigments  made  of  vegetable  charcoal  are  named  according  to  their  origin, 
UDce  thcgr  present  different  degrees  of  density  and  blackness,  according  to  the  material 
from  which  they  are  prepared. 

For  instance,  vine  black  is  obtained  by  carbonising  the  wood  of  the  grape  vine. 
Spanish  black  consists  of  the  carbon  of  cork  chippings.  It  is  a  charcoal,  remarkable 
for  its  great  softness  and  loose  consistency. 

Charcoal  crayons  are  made  of  alder-wood  charcoal,  obtained  by  carbonising  suitable 
piaeas  of  the  wood  of  the  alder  in  iron  cylinders  heated  to  redness,  and  closed  so  as  to 
leav*  only  a  small  aperture  for  the  escape  of  the  products  of  distillation. 

Frankfort  black  is  the  carbon  obtained  firom  a  mixture  of  vine  twigs,  lees  of  wine, 
sod  sometimes  also  peach  stones,  bones,  and  ivory  refuse.  According  as  the  vegetiible 
or  animal  charcoal  is  predominant,  so  do  the  pigments  vary  in  shade  :  when  vegetable 
diMCoal  is  piedominant,  it  has  a  bluish  hue,  and  a  brownish  tinge  when  there  is  a 
pfeponderance  of  animal  charcoal.  As  a  rule,  soluble  mineral  substances  are  generally 
removed  by  washing  before  the  charcoal  is  used.  This  black  is  used  in  copper-plate 
printing. 

Lamp-black,  or  the  finely  divided  carbon  obtained  by  imperfect  combustion  of  fats, 
cik,  resins,  pitch,  coal,  etc.,  is  chiefiy  used  as  a  pigment 

The  consumption  of  animal  black  every  year  acquires  ^ater  dimensions.  It  is 
used  in  sugar  mannfiictories,  for  the  decolorisation  of  the  juice  and  of  the  syrup  in 
the  working  of  the  after  products,  as  well  as  in  the  refining.  The  use  of  animal  block 
in  sogar  boiling  has  also  been  commenced  in  the  colonies. 

An  important  application  is  made  of  carbon  in  metallurgy,  on  account  of  its 
c^abilitj  of  abstracting  oxygen  from  metallic  oxides,  and  in  fact  it  is  either  directly 
or  iDdireetly  the  principal  reducing  agent  employed  for  this  purpose  in  metallurgical 


Bat  the  chief  application  of  carbon,  or  of  combustible  carbonaceous  materials,  is  for 
use  as  ftiel  to  produce  heat 

0«Bp«aB4s« — Carbon  forms  a  number  of  compounds  with  other  elementary 
substances,  and  some  of  the  more  complex  compounds  of  carbon,  such  as  vegetable 
adds,  alcohols,  starch,  sugar,  cellulose,  albumin,  casein,  etc.,  constitute  a  peculiar  class 
of  substances,  which  are  termed  organic  substances,  since  they  are  generally 
prodoeed  bj,  and  ooeor  only  as  constituents  of  the  organs  of  plants  and  animals. 

With  oxygen,  carbon  forms  two  compounds — one,  a  neutral  oxide,  is  called 
carbonic  ozids;  the  other,  carbon  dioxide,  CO^  containing  twice  as  much  oxygen 
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in  piroportioii  to  carbon,  pretenU  moit  of  the  chancten  of  an  acid  oxide,  and  it  forms 
with  basic  oxides  saline  oompoonds called  carbonates,  seyeial  of  which  oocnr  natu- 
rally in  great  abundance  and  are  of  great  technical  importance.  The  hydrogen  salt  of 
carbon  dioxide,  H^CO,,  or  true  carbonic  add,  is  not  known.  With  sulphur,  carbon  forms 
adisulphide,  CS,,  sulpho-carbonic  acid,  corresponding  to  the  dioxide,  but  containing 
sulphur  m  place  of  oxygen.  With  nitrogen,  it  forms  the  pseudo-elementary  substance, 
cyanogen.  CN,  and  sereral  other  compounds  which  are  closely  related  to  cyanogen. 
The  compounds  of  carbon  with  hydrogen  are  yery  numerous.  As  a  class  they  are 
termed  hydrocarbons. 

There  are  several  groups  of  hydrocarbons  whose  individual  members  differ  from 
each  other  by  CH,,  or  by  a  multiple  of  CH^  These  ore  icrmed  komologoiu  groups,  and 
they  are  named  after  the  lowest  members.  Marsh  gas  and  the  several  substances 
termed  paraffins  constitute  a  group  of  this  kind.  The  following  are  the  most  impor- 
tant of  such  groups : — 

ITie  Marsh  gas  group. 

Marsh  gas,  or  hydride  of  methyl,  CH4  .        .        .         ^.       ^^> 

Hydride  of  ethyl  (dimethyl),  C^H.        .        .        .        .      «        ^=^*| 

Hydride  of  propyl,  C,H, =        ^'h[  ®**^ 

Higher  homologues  of  this  series  are  contained  in  petroleum,  solar  oil,  etc 

7^  Ethylene  group. 

defiant  gas,  or  ethylene C^H^ 

Propylene C^H, 

Butylene C«H« 

Amylene 0|H,g  etc. 

Tks  Betud  group. 

Benzol Q,H« 

Toluol C,H. 

Xylol.  .        .• C,H„ 

Cumol (VH„ 

Cymol C,^„ 

There  are  many  hydrocarbons,  which  are  totally  distinct  substances,  but  have 
exactly  the  same  percentage  composition ;  as,  for  instance,  olefiant  gas  ^ethylene), 
propylene,  butylene,  amylene,  etc.,  but  these  substances  are  essentially  different  in 
their  physical  and  chemical  properties.  They  all  contain  14'3  per  cent,  hydrogen  and 
85*7  per  cent,  carbon ;  but  the  molecules  of  these  compounds  require  to  be  repre- 
sented by  different  formuls,  though  the  proportions  of  hydrogen  and  carbon  are  the 
same  in  all. 

A  few  of  the  hydrocarbon  compounds  are  gaseous  at  the  ordinary  temperature : 
the  greater  number  are  liquid;  such  as,  oil  of  turpentine,  benzol,  naphtha,  etc.;  or 
solid,  like  naphthalin,  and  some  of  the  hydrocarbons  of  the  paraffin  series. 

Although  the  number  of  hydrocarbons  is  extraordinarily  great,  only  one  of  them 
has  been  obtained  by  the  direct  combination  of  hydrogen  with  carbon.  This  substance 
is  acetylene,  C^E^  which  is  formed  when  the  electric  arc  is  allowed  to  play  for  some 
time  between  two  carbon  electrodes  in  an  atmosphere  of  hydrogen. 

The  substances  which  have  the'same  composition  as  oil  of  turpentine,  C|  JB[,«,  consti- 
tute an  important  group  of  hydrocarbons. 

The  marsh  gas  series,  hydride  of  ethyl,  hydride  of  propyl,  etc.,  are  isomeric  with 
the  radicals  of  Uie  alcohols.  So  fiir  as  industrial  art  is  concerned,  the  most  impor- 
tant member  of  the  ethylene  series  is  olefiant  gas.  The  other  members,  propylene, 
butylene,  etc.,  are  formed  together  with  olefiant  gas  in  the  destructive  distiUation  of 
various  organic  substances  for  the  manufacture  of  gas  for  purposes  of  illumination, 
and  they  exert  considerable  influence  upon  its  illuminating  power. 

Tho  hydrocarbons  of  the  bonzol  scries  are  formed  in  the  destructive  distillation  of 
ooal,  as  in  the  manu&cture  of  coal-gas.  They  are  found  in  the  tar ;  from  which 
material  they  are  obtained  by  distillation.  Bonzol  and  toluol  especially  have  now 
attained  a  great  value,  owing  to  their  being  the  source  from  which  aniline  colours  are 
prepared.    Ovmol  is  contained  in  the  volatile  oil  of  cumin. 

Naphthalin  and  anthracene,  C|4H|g,  are  likewise  products  of  the  destructiye  distil- 
lation of  coal,  that  have  also  recently  been  made  use  of  in  the  preparation  of  colourii^ 
materials. 
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Finally,  the  hjdrocarbon  termed  acetylene,  having  a  composition  represented  by 
the  formolk  G|EL,  ooeors  in  coal-gas;  and  as  it  burns  with  a  very  bright  flame, 
it  also  exerts  an  influence  upon  the  illuminating  power  of  the  gas.  Its  presence 
in  ooal-gas  can  easily  be  detected  by  passing  a  stream  of  the  gas  through  an  ammo- 
niacal  solution  of  cuprous  chloride.  A  reddish-brown  precipitate  is  formed,  consist- 
ing of  a  compound  of  acetylene  with  copper,  2(C2HCu,)0,  and  possessing  the  property 
of  exploding  when  dried  and  heated. 

Tne  carbon  compounds  that  occur  naturally  as  constituents  of  plants  and  animals, 
are  much  more  numerous  than  those  of  any  other  elementary  substance,  and  by  various 
kinds  of  chemical  alteration,  a  still  greater  number  of  derivative  products  may  be 
obtained  £rom  them. 

These  organic  substances  are  generally  characterised  by  containing  only  carbon, 
hjdrogen,  oxygen  and  nitrogen ;  but  their  constitution  is  much  more  complex  than 
that  ^  other  carbon  compounds.  In  many  cases,  this  circumstance  is  due  to  the  &ct 
that  certain  portions  of  the  molecules  of  these  substances  present  the  characters  of  ele- 
mentary substances,  inasmuch  as  they  perform  the  same  functions  as  metals,  or 
chlorine,  sulphur,  etc,  in  the  compounds  that  are  termed  inorganic,  just  in  the 
nme  way  that  in  ammoniacal  salts  the  group  NH4  acts  the  part  of  a  metal.  Thus, 
for  instance,  ordinary  wine  alcohol  consists  of  carbon,  hydrogen,  and  oxygen,  C^B-fl,  and 

the  composition  of  its  molecule  is  represented  by  the  formula      g^*  ?*  0,  as  being 

analogous  to  that  of  the  molecule  of  water  H^O,  with  the  difference  that  the  place  of  one 
atomic  proportion  of  hydrogen  is  occupied  by  the  group  C^H^,  which  is  termed  ethyl  or 
the  radicle  of  wine  alcohol,  and  this  pseudo-elementary  substance  is  capable  of  forming 
compounds  with  chlorine,  iodine,  etc.,  that  are  analogous  to  the  corresponding  com- 
pounds of  metals.  There  are  several  other  substances  similar  in  this  respect  to 
ordinary  wine  alcohol,  and  they  constitute  a  class  of  carbon  compounds  which  are  on 
that  account  termed  alcohols.  The  compounds  of  alcohol  radicles  with  oxygen  re- 
presented by  ordinary  ether  CfH^O  are  in  like  manner  analogous  to  water,  both 
atomic  proportions  of  hydrogen  being  replaced  by  ethyl,  as  in  potassium  oxide  they  are 
replacea  by  potassium,  as  shown  by  the  following  formulae : 

Ethyl  oxide  Water  Potassium  oxide 

The  ethers  constitute  a  very  numerous  class  of  substances  which  differ  in  character 
according  to  the  nature  of  the  alcohol  radicles  contained  in  them. 

Several  other  classes  of  carbon  compounds  of  a  similar  nature  are  designated  by 
general  terms,  such  as  aldehydes,  ketones,  etc.,  which  indicate  resemblance  to  the 
particular  representative  substances  that  were  originally  known  by  these  names,  but 
have  since  become  tyi>es  of  classes,  ns  in  the  case  of  the  aldehyde  obtained  from  ordi- 
nary alcohol,  and  thus  named  because  it  was  considered  to  be  alcohol  dehydrogenised. 

The  oreanic  acids  constitute  another  important  class  of  carbon  compounds,  con- 
taining radicles,  which  are,  in  this  case,  analogous  to  tlie  acid  oxides  of  sulphur,  phos- 
phorus, etc-  Acetic  acid,  for  instance,  C2II4O2,  is  represented  as  containing  a  mono- 
rasic  acid  radicle  CxH,0,  called  acetyl,  corresponding  to  nitric  oxide,  in  nitrates  and  the 
composition  of  the  molecules  of  hydrogen  acetate,  or  acetic  acid,  and  of  acetates,  is 
represented,  in  conformity  with  that  of  the  molecule  of  water,  by  the  following 
formulae : 

Acetic  acid  Potassium  acetate  Water  Nitric  acid 

Oxalic  acid  and  oxalates  are  represented  in  a  similar  manner  as  compounds  con- 
taining the  dibasic  acid  radicle  0,0^  and  corresponding  to  the  double  molecule  of 
water  and  to  sulphuric  acid,  as  in  the  following  formulsB  : 

Oxalic  add  Potassium  oxalate  Water  Sulphuric  acid 

C,0,?  Q  C,0,(  0  ^»(  O  S0,(  ^ 

Another  class  of  carbon  compounds,  comprising  manv  substances  of  great  utility,  is 
that  of  the  alkaloids,  such  as  quinine,  morphia,  strychnine,  etc.  These  substances 
all  contain  nitrogen,  and  their  constitution  is  very  complex,  but  in  general  they 
present  great  analogy  with  ammonia  and  those  derivatives  of  ammonia  which  contain 
•leohol  radidss  in  the  place  of  one  or  more  atomic  proportions  of  the  hydrogen  in 


The  substances  which  resemble  starch,  sugar,  etc.,  in  containing  carbon  com- 
biasd  with  hydrogen  and  oxygen  in  the  same  proportions  as  in  water,  and  on  that 
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aoecmnt  are  termed  carbohydrates,  form  an  important  das  of  caiboo  eompoands. 
Tlieir  coojtitation  is  in  manj  cues  venr  complex,  and  the  mode  of  lepieaenting  it  has 
not  vet  been  assimilated  to  that  of  more  simple  compollBd2^. 

Lastlj,  the  snletances  corresponding  to  albumen,  casein,  gelatin,  etc,  oonstitiito 
another  class  of  carbon  eompoands  vhich  are  remarkable  for  containing  nitrogoi  and 
ralphor,  in  addition  to  the  nsnal  elementazy  constitnents  of  organic  substances.  Tha 
percentage  composition  of  all  these  substances  Taries  rery  little,  bat  scazoelT  anything 
IS  known  of  their  chemical  confldtntioo,  beyond  the  &ct  that  it  is  probably  mj 
complex. 

The  Mibstanoes  belonging  to  these  different  classes  of  carbon  eompoands  which 
reqnire  to  be  treated  of  in  tiiis  work,  as  being  of  interest  from  an  indostrial  point  of 
Tiew,  will  be  described  sabseqneotly  either  as  generd  constitnents  of  plants,  etc,  or 
in  connection  with  the  materials  from  which  they  are  osaally  derired. 


aasB4Mvzc  bzozibb. 
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—This  substance— commonly  called  carbonic  acid — ^has  been  known 
for  a  Tery  long  time,  although  Van  Helmont  was  the  first  to  distinguish  this  gas  de- 
finitely from  others.     Its  true  compostion  was  first  ascertained  by  Laroisier. 

Occiurrenee. — ^The  natural  sources  of  carbonic  acivl  are  Terr  numerous,  some  of 
them  famishing  enormous  quantities;  and,  as  has  been  mentioned  in  treating  of  the 
atmosphere,  this  is  the  reason  that  the  amount  of  the  carbonic  acid  in  atmospheric  air 
(about  0*04  per  cent.),  does  not  diminish,  although  it  is  constantly  Ix^ing  consumed  by 
plants.  The  respiration  of  animals  is  one  of  the  principal  soun^es  of  carl<onic  acid :  it 
IS  also  produced  in  a  large  number  of  processes  of  combustion,  occurring  either  natamlly 
or  as  the  result  of  the  industrial  activity  of  man ;  as  for  instance,  in  the  combus- 
tion of  fuel,  and  in  the  Tarious  contriTances  for  the  purpose  of  iUumination,  etc  In 
nearly  all  processes  of  fermentation,  in  every  process  of  decay  and  pntrefiurtion,  car- 
Iconic  acid  is  a  product  of  the  decomposition.  Large  quantities  of  carbonic  acid  are 
further  poured  into  the  atmosphere  from  active  volcanoes ;  and  sometimes,  indeed,  so 
abundantly  that  there  is  not  time  for  it  to  diffuse  itself  equally  into  the  sorronnding 
air ;  and,  owing  to  the  great  density  of  the  gaA,  it  flows,  like  a  stream  of  lava,  down  the 
sides  of  the  volcanoes,  accumulating  sometimes  in  hollows  on  their  sides.  On  this 
account,  it  is  often  dangerous  to  pass  through  such  places,  in  the  neighbourhood  of 
volcanoes.  At  other  parts  of  the  earth  also,  large  quantities  of  carbonic  acid  are 
often  met  with,  issuing  from  crevices  and  fi«sures,  as  for  instance  in  the  *  Dog's  Qrotto,' 
in  the  neighbourhood  of  Naples,  at  a  few  places  near  Treves,  and  other  parts  of  the 
Rhine  district,  as  well  as  at  £ger,  Pyrmont,  etc.  A  great  quantity  of  carbonic  add 
is  also  discharged  from  the  water  of  mineral  springs.  As  already  mentioned,  the 
water  of  these  springs  has  been  saturated  with  carbonic  acid  at  great  depths,  and 
under  considerable  pressure;  but  as  the  gas  cannot  be  retained  in  solution  at  the 
ordinary  pressui  e  of  the  atmosphere,  it  is  consequently  given  off  when  the  water  comes 
to  the  surface. 

Though  the  quantity  of  carbonic  acid  existing  in  the  free  state  is  very  great,  it  is 
far  exceeded  by  that  which  occurs  chemicallv,  combined  principally  in  the  state  of 
carbonates,  as  limestone,  chalk,  marble,  dolomite,  and  magnesite,  etc. 

Comi^ositioii. — Carbonic  acid  contains  nearly  one-fourth  its  weight  of  carbon : 
the  normal  volume  of  the  oxygen  it  contains  is  equal  to  the  volnme  of  gas  itself,  and 
the  gaseous  volume  of  the  carbon  it  contains  is  assumed  to  bo  Iialf  that  of  the  oxygen, 
the  combination  being  attended  with  a  condensation  of  one-third  the  joint  volumes  of 
the  constituents  in  the  free  state.  It  is  therefore  a  compound  of  one  atomic  propor- 
tion of  carbon  with  two  atomic  proportions  of  oxygen,  and  its  composition  is  repz«* 
sented  by  the  formula  CO,. 

Cliaraoters. — Carbonic  acid  is  at  the  ordinary  temperature  a  colourless  gas,  pos- 
sessing a  very  slight  smell.  It  is  not  combustible,  nor  does  it  under  ordinary  conditions 
support  the  combustion  of  other  bodies :  neither  is  it  a  supporter  of  respiration,  and 
hence  it  is  that  animals  are  suffocated  in  an  atmosphere  of  the  gns.  It  is,  however, 
Tery  different  from  carbonic  oxide  in  its  action  upon  the  animal  organism,  for  while 
carbonic  oxide  is  positively  poisonous,  as  is  evident  from  the  fact  that  air  containing 
only  a  small  amount  of  it  causes  death ;  carbonic  acid  may  be  inhaled  in  compam* 
tively  large  quantities,  without  the  slightest  harm. 

Carbonic  4<*idga8  is  moderately  soluble  in  water ;  at  a  temperature  of  15^  C.  wattf 
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dissolres  about  its  own  Tolame  (1*002  toI.),  and  at  0°  under  a  barometric  presi^ure 
of  760  mm.  it  diMolves  1*797  times  its  volume  of  the  gas.  As  in  the  case  of  every  other  gas 
in  respect  to  solubility,  carbonic  acid  dissolves  in  water  in  larger  proportion  when  the 
pressure  is  increased.  Hence  it  is  that  the  water  of  a  spring,  wnich  has  been  saturated 
with  carbonic  acid  at  a  great  depth  below  the  earth's  surface,  and  under  great  pressure, 
gives  off  this  .gas  upon  coming  to  the  surface  of  the  earth.  The  same  thing  happens 
with  various  other  liquids,  such  as  champagne,  soda  water,  etc.,  which  are  saturated 
with  carbonic  acid  under  considerable  pressure,  and  give  off  the  gas  with  effervescence 
when  the  pressure  is  removed. 

Carbonic  acid  may  be  condensed  to  a  colourless  liquid  by  cooling  it  to  a  temperature 
of  0^  under  a  pressure  of  36  atmospheres.  When  the  liquid  is  allowed  to  evapo- 
rate  in  the  air,  such  an  intense  degree  of  cold  is  produced  that  a  lai^e  portion  becomes 
solid.  Solid  carbonic  acid  is  a  white,  snow-like  substance,  which  evaporates  but  slowly 
in  the  air,  and  melts  at  —  67°, 

The  density  of  g^eous  carbonic  acid  is  22  as  compared  with  hydrogen ;  and  its 
specific  gravity  relatively  to  air  is  1*529  ;  the  specific  gravity  of  the  Uquid  acid  is 
0*830  as  compared  with  water. 

Vrepaimtton. — Carbonic  acid  is  generally  obtained  by  one  of  the  three  following 
methods :  1.  Expulsion  of  the  gas  from  its  salts  by  means  of  strong  acids.  2.  Expul- 
sion from  its  salts  by  heat.     3.  By  burning  carbon  or  carbonaceous  substances. 

For  the  preparation  of  carbonic  acid  on  a  small  scale,  the  first  method  is  the  most 
suitable.  Calcium  carbonate,  a  substance  occurring  very  abundantly  in  various  forms, 
as  chalk,  limestone,  etc,  is  employed  for  this  purpose,  together  with  hydrochloric  acid, 
the  reaction  that  takes  place  giving  rise  to  the  formation  of  calcium  chloride,  while 
carbonic  acid  gas  is  set  free. 

CaCO,  +   2HC1  »  CrtCl,   +   H,0  +   CO, 

The  calcium  carbonate  (marble  or  chalk  being  the  most  convenient\  is  placed  in  a 
Woulfe*s  bottle,  fitted  with  a  funnel  and  a  delivery  tube  connected  witn  a  wash  bottle 
containing  a  small  quantity  of  water  for  the  purpose  of  removing  from  the  gas  any 
hydrochloric  acid  that  might  be  mechanically  mixed  with  it.  The  gas  may  be  collected 
either  in  a  gasholder  or  over  water  bv  means  of  a  pneumatic  trough.  After  a  quantity 
of  water  has  been  poured  through  the  funnel  into  the  generating  bottle  sufficient  to 
cover  the  marble  or  chalk,  hydrochloric  acid  is  added  in  small  quantities  at  a  time 
through  the  funneL  Carbonic  acid  is  then  developed  with  strong  effervescence,  and  is 
purified  by  passing  through  the  water  in  the  wash  bottle. 

Instead  of  this  apparatus,  one  of  s  similar  kind  to  that  described  on  page  28,  fig.  8, 
may  be  employed ;  the  only  difference  being  that  the  zinc  ring  is  replac^  by  a  per- 
forated vessel  containing  marble,  and  resting  upon  a  small  glass  tripod :  hydrochloric 
add  being,  of  course,  substituted  for  sulphuric  acid. 

Ordinazy  limestone  may  be  used  instead  of  marble  or  chalk  in  the  preparation  of 
carbonic  acid  ;  but  this  is  not  advisable  on  account  of  the  impurity  of  the  gas  thus 
prodnced.  Magnesite,  a  mineral  consisting  of  magnesium  carbonate,  is  very  suitable 
as  a  sonxoe  of  carbonic  acid,  the  gas  obtained  from  it  being  v«7  pure. 

The  second  method  of  preparing  carbonic  acid,  by  the  action  of  heat  upon  its 
salts,  is  not  suitable  for  operations  on  a  small  scale.  This  process  takes  place  m  lime 
burning :  the  limestone,  a  substance  occurring  very  abundantly,  being  converted  by 
strong  heat  into  calcium  oxide  (burnt  lime),  and  carbonic  acid : 

CaCO,   =  CaO   +   CO, 

The  carbonic  acid  prodnced  in  this  process  has  of  late  been  collected  and  made  use 
of  for  various  purposes. 

The  third  method  of  obtaining  carbonic  acid,  like  the  one  just  described,  is  only 
adapted  for  producing  the  gas  on  a  large  scale.  It  consists  eitner  in  burning  charcoal 
or  eoke  in  a  special  apparatus,  with  the  sole  object  of  obtaining  carbonic  acid,  or  as  is 
sometimes  the  case  obtaining  the  carbonic  acid  as  a  by-product  of  the  ordinary  com- 
bustion of  fuel,  by  collecting  the  waste  gases  from  furnaces.  (  Vitle  *  Sugar  Manu- 
fiictore.') 

Carbonic  acid  may  also  be  obtained  as  a  by-product  in  alcoholic  fermentation ;  sugar 
being  in  this  case  resolved  into  alcohol  and  carbonic  acid ;  according  to  the  equation  : 

C.H,20.  =  2C,H.O  -I-  2C0, 

Farther,  carbonic  acid  is  produced  in  a  number  of  chemical  processes ;  by  heating 
charcoal  with  concentrated  sulphuric  or  nitric  acid ;  also  when  any  organic  substance 
is  melted  with  nitre  or  some  other  powerful  oxidising  agent ;  in  the  combustion  of 
carbonic  oxide,  and  in  every  process  of  putrefaction  and  decay,  etc. 

Vsa««->Garbonie  add  is  very  extensively  employed  in  manufacturing  industry. 
It  is  made  we  of  in  the  preparation  of  artifidal  aerated  water,  and  other  liquids  eon- 
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taining  carbonic  add.  It  is  largely  naed  for  aepantiiig  lime  from  the  juice  of  the 
migBr-cane,  the  lime  being  for  the  most  part  precipitated  as  carbonate,  bj  passing  a 
stream  of  the  gas  into  the  heated  jnice. 

Further,  carbonic  acid  plajs  an  important  part  in  bread  mating ;  the  gas  being 
formed  in  the  fermentation  of.the  doogb,  and  remaining  dissolved,  nntil  the  dongh  is 
heated  in  the  operation  of  baking ;  when  it  expands  and  converts  the  doogh  into  a 
spongj  porons  mass.  In  the  fermentation  of  dongh,  a  considerable  qnantitj  df  material 
is  lost  in  the  shape  of  products  of  fermentation  (alcohol  and  carbonic  acid),  and  it 
has  therefore,  been  attempted  to  produce  the  carbonic  add  in  the  dongh  hj  artifidal 
additions  (Liebig  bread,  etc.)  A  process  of  the  kind,  which  has  been  carried  oat  on  a 
laise  scale  in  London  and  other  places  by  Dr.  Danglish,  consists  in  chaiging  water 
wi&  carbonic  add,  prepared  dther  by  the  action  o(  dilate  salpharic  acid,  or  heat 
upon  chalk,  and  mixing  this  carbonic  acid  water  with  flour  imder  pressure.  The 
resulting  dough  which  becomes  vesicular  on  the  removal  of  the  pressure,  is  divided 
into  loaves  and  baked  (vide  article  '  Bread  *).  The  production  of  carbonic  acid  by  the 
combustion  of  carbon  compounds  affords  a  means  of  analysing  such  substances.  The 
carbon  is  converted  by  combustion  into  carbonic  add,  which  is  collected  in  an 
apparatus  containing  caustic  potash.  From  the  difference  between  the  wdght  of  the 
apparatus,  before  and  after  the  combustion,  it  is  easy  to  ascertain  the  amount  of 
carbon  contained  in  the  substance  operated  ^pon. 

Attention  has  already  been  drawn  (page  24)  to  the  importance  of  carbonic  acid  in 
the  nutrition  of  plants.  Many  other  effects  are  referrible  to  the  presence  of  carbonic 
add  in  the  atmosphere ;  for  instance,  the  setting  of  mortar  is  due  to  the  combination 
of  carbonic  acid  with, the  lime  of  the  mortar  and  the  formation  of  calcium  carbonate. 

Campoiinds. — The  important  class  of  saline  substances  known  as  carbonates 
contain  the  elements  of  carbon  dioxide  combined  with  basic  oxides.  Carbonates  are 
generally  represented  as  compounds  of  the  dibasic  acid  oxide  CO,  with  metals.  Thus 
the  molecule  of  neutral  caldum  carbonate — chalk  or  marble— containing  CO,  +  CaO  is 
represented  by  the  formula  CaCO,.  Besides  the  neutral  carbonates,  there  are  a  great 
number  of  carbonates  containing  excess  of  base,  and  the  carbonates  of  monovalent 
metals  form  add  salts  by  the  replacement  of  one  atomic  proportion  of  metal  by 
hjrdrogen.  Thus,  for  instance,  ordinary  sodium  carbonate,  Na^CO,,  by  combining 
inth  water  and  an  additional  proportion  of  carbon  dioxide,  famishes  two  molecules  of 
the  salt,  NaHCO^  commonly  called  bicarbonate.  With  the  exception  of  the  carbo- 
nates of  the  alkalies  and  of  ammonia,  the  carbonates  are  insoluble  or  only  sparingly 
soluble  in  water.  Ammonium  carbonate  is  the  only  one  soluble  in  alcohol.  Most 
carbonates  are  decomposed  by  heat^  some  at  a  comparatively  low  temperature,  like 
lead  or  zinc  carbonate,  giving  off  carbon  dioxide  and  leaving  lead  or  zinc  oxides :  cal- 
dum carbonate  requires  a  greater  heat,  and  the  alkaline  carbonates  are  scarcely  at  all 
decomposed  by  heat  alone.  When  heated  in  contact  with  an  atmosphere  of  water 
vapour  carbonates  are  more  readily  decomposed.  Carbonates  are  decomposed  by  the 
greater  number  of  adds  in  the  presence  of  water,  and  the  liberation  of  the  gas  from 
the  liquid  gives  rise  to  the  phenomenon  of  effervescence.  Carbonates  are  also  de- 
composed in  a  similar  manner  by  heating  them  with  fixed  adds,  such  as  silicic,  and 
when  heated  in  contact  with  carbon  they  are  decomposed  with  evolution  of  carbonic 
oxide. 

The  compound  of  carbon  dioxide  with  ammonia,  formed  when  the  dry  gases  are 
mixed,  and  sometimes  called  anhydrous  ammonia  carbonate,  is  the  ammonium  salt  of 
an  add  called  carbarn ic  acid,  HNHjCO,,  the  composition  of  the  salt  being  repre- 
sented by  the  formula  NH4NH,C02.  This  substance  is  contained  in  the  ordinary  am- 
monia carbonate  of  commerce.  It  is  a  white  flocculent  mass  readily  soluble  in  water, 
yielding,  by  combination  with  the  elements  of  water,  a  solution  of  neutral  ammonium 
carbonate. 

Abtificiai.  Aebated  or  Mineral  Waters. 

The  various  kinds  of  effervescent  water  known  as  soda  water  and  seltzer  water  are 
prepared  from  ordinary  potable  water,  with  or  without  addition  of  saline  substances, 
by  charging  it  with  carbonic  acid  under  a  pressure  of  from  4  to  6  atmospheres. 
Consequently,  good  soda  water  or  seltzer  water  should  contain  from  4  to  6  times  as 
much  carbonic  acid  as  well  aerated  potable  water  contains  under  ordinary  conditions. 
It  is  evident  that  water  thus  charged  with  carbonic  acid  under  pressure  requires  to 
be  kept  in  well-corked  bottles.  Should  the  cork  fit  imperfectly,  the  carbonic  add 
gradually  escapes,  and  when  the  cork  is  removed  altogether,  the  gas  is  given  off  with 
brisk  effervescence. 

The  material  used  in  the  preparation  of  the  carbonic  add  is  generally  limestone 
or  marble,  which  is  decomposed  with  hydrochloric  acid.  Sometimes  chalk  or  magnesite 
IB  employed,  and  decomposed  by  means  of  sulphuric  add.    For  the  preparation  of 
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carbonic  acid  oa  a  imall  Mole,  double  Hodiuin  carbonntfl  is  very  suitablo,  as  it  jieldi 
TBiT  pore  caibonii;  acid,  free  from  the  bitamiiiaiis  and  oarthj  smell  which  carljonic 
addprepand  fniin  limo.  chalk,  etc..  somoCimss  [xiGEeB8P!<, 

"nie  use  of  cmbonic  acid  prodnced  by  fennentation  has  1>e«n  recommended  for  the 
preparation  of  efforrMcing  Leverages  by  WW,  Greesler  and  Wachler.  Iffnnj  different 
tmaa  of  appamtas  ar?  in  nse  for  preparing  carbonic  acid  water,  ono  of  the  most  com- 
mon of  which  is  represoDteJ  b;  %.  24. 

Tbia  appaiatns  consiitH  esBeDtially  of  two  parU,  viz.,  the  apparatos  in  which  the 
carbonic  aod  is  ganeiated  (from  A  to  b),  and  Ihat  in  which  water  is  satnratui  with 
the  gaa  (from  ■*  to  h). 


F.g  21 
The  reswl  (a)  in  wliich  the  g;as  is  generated  is  made  of  load;  the  opening  (b"), 
ailmitting  of  being  dosed  with  B  srrew  ping,  is  for  putting  in  the  carbonate  to  ba 
dKompoHd.  and  the  pipe  (b)  is  for  supplying  acid,  which  is  poured  into  the  leaden 
T*Mtl  (*)  tbnragh  the  opening  (a')  at  (Jio  top.  For  the  purpose  of  accelerating  the 
eTolntioB  of  carbonic  acid,  n  atiirer  is  fitted  inside,  and  when  set  in  motion  by  means 
of  the  crank  (w),  it  has  the  effect  of  distributing  the  nf  id  flowing  in  through  the  pipe 
(i),  and  bringing  it  into  more  intimate  contact  with  the  pieces  of  chalb  or  marble  in 


then 


The  chemical  change  that  takes  place  io  B  is  very  einiple,  the  carbonic  acid  of  the 
maguFsinm  or  calcium  carbonate  being  expelled  bytbe  stronger  mineral  acid  used.    It 
is  rtpresEnt«d  by  the  following  equations : 
with  Blphnric  add 

MgCO,   +   H^O,  =  MgSO,  +   H,0   +   CO,. 
With  hrdnchknlc  idd 

CaCO,   +   2HCI  =   CaCl,   +   H.O   +   CO.. 


and  the  gas  delivery  tube  (cl.  citenciing  above  tl 
tnms  down  again  so  as  tA  clip  into  the  water.  In  this  w»y  the  gas  is  mnae  u>  pass 
thrmgh  the  water,  which  serves  to  retain  particles  of  minpral  acid  or  salt  carried  over 
bj  it.  The  washed  gas  ihpn  collects  in  the  gns-h older  (r,).  connistingof  a  sheet  iron 
or  copper  bell,  which  rises  and  falls  in  the  vefsel  in  which  it  h.ings,  according  to  the 
qsaatitj  of  carbonic  scid  present.  The  height  ofthe  bell  is,  therefore,  an  indication  by 
which  the  snpplj  of  acid  lo  the  generator  (b)  may  be  regulated. 

The  solution  of  the  gaa  in  water  is  cSlictixl  in  a  strong  copper  cylinder  (u)  linn) 
with  tin  and  fitted  with  a  pressure  gauge  (r),  a  safety  valrr,  and  a  tap  for  drawing  off 
the  aented  water  for  bottling.  This  cylinder  (a)  is  connected  Lj  meuns  of  a  tube 
with  the  romp  (i'),  by  which  ^iv  is  drawn  out  of  the  gasholder,  and  at  the  same  lime 
water  ia  drawn  trma  the  small  ciAtem(/).  and  both  are  then  forced  into  the  cylinder 
:■)  nnti]  the  pit—me  indicated  by  the  gangs  (r)  shows  that  the  water  is  anfficientlr 
diaiged  with  gas.    The  flow  of  water  and  iC  carbonic  acid  in 
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oCbaing  r^nl&ted  b}^  the  coeki  (pandp'),  to  Ihnt  *Bter,  rich  or  poor  in  cartMnii-  acid, 
may  be  ob^ined  nt  pleoanre,  ana  the  ratnraticia  of  the  Tntei  with  carbonic  acid  ii 
aided  by  a  BtiiTcr  fitted  inaida  the  cjlinder.  and  turned  bj  the  toothed  vheel  (*')  upon 
the  shaft  of  Ihe  flj  vbeel.  In  vnriD  ireather  it  ia  sometimes  necfssary  to  cool  tha 
■water  before  charging  it  -with  gas. 

Thii  apparatiu  can  be  worked  either  bj  mannal  Isbonr  or  Ij  stMim  power,  and 
wban  once  the  cylinder  ii  charged  with  saSciently  aerated  WRter,  it  Torks  conUnuotuily, 
when  the  aopply  of  water  and  gas  f o  the  cylinder  (Hjiarej^ilaledby  mmnarflhecocka 
(p  and  P").  according  to  the  rate  at  which  the  aeralod  water  is  bottled  off. 

In  the  apparatns  reprcBentcd  by  li^.  26,  cirhonic  acid  is  generated  in  the  cylin- 
drical resael  (o)  which  contains  the  caldnm  carbonate,  and  ia  fitted  with  a  safety  Ttilre 
(s)  andwith  an  agitator  worked  by  the  handle  (h).  Acid  is  Eupplied  from  the  reserroir 
(a)  by  opening  a  vat  ye  worked  by  the  handle  (t).  and  when  a  sofficient  quanti^  baa  been 
ran  in,  the  ralre  ia  anain  closed.  The  water  to  be  chained  with  carbonic  arid  is  con- 
tuned  in  the  cjUnder  (c),  which  i^  also  Gtt«d  with  an  agitator  worked  hy  the  handle 


(i),  and  between  this  cylinder  and  the  generator  (o)  there  are  two  small  eylinden  (w  ir*) 
containing  water  for  washing  the  carbonic  acid  gas.  The  amall  cylinders  or  wsshen 
are  connected  with  the  cylinders  (c  and  o)in  sacb  a  way  that  when  the  outlet  t&p  (o),  b; 
which  the  gas  is  allowed  to  escape  fram  the  generator,  is  opened,  the  escapiEig  ga* 
passes  sQcceSBiTely  thmngh  w  and  w'  before  entering  c.  In  this  arraJigement  the 
prensnre  aierted  by  lie  evolution  of  carbonic  acid  gas  in  a  is  mnde  to  do  the  work  of 
forcing  the  gas  into  solution  in  the  cylinder  c,  wbich  is  fitted  with  a  preseuro  gangs  (g) 
for  indicating  when  the  vater  is  enEBciently  charged  with  gas  and  ready  for  bottling. 
When  this  resnlt  has  been  prodnced,  the  communication  between  c  and  a  is  shot  dl 
and  the  water  is  bottled  in  the  nsnal  way. 

In  order  to  canj  on  work  continnoiudy  with  this  apparatus,  two  (rylindera  like  c 
■re  Sited  side  by  side  with  connectiDg  pifwa  and  stop  ralies  ariuoged  in  each  a 
way  that  either  one  can  be  placed  in  commnnination  with  the  generator.  As  soon  as 
the  water  in  one  cylinder  ia  charged  with  gas,  the  valves  between  it  and  the  generator 
are  closed,  and  those  between  the  other  cylinder  and  the  generator  are  Opened.  While 
the  second  cylinder  is  being  charged  with  ^bs.  the  water  in  the  first  cylinder  is  bottled 
off,  and  BO  on  alternately.  Whan  the  cyhndere  are  empfied,  they  are  charged  witli 
water  ogam  by  means  of  the  pnmp  (p)  worked  hy  the  crank  (e). 

BoUUng.—In  filling  bottles  with  water  highly  charged  with  carbonic  add,  each 
battle  (i)  is  set  in  a  eemi cylindrical  &ame,  so  as  to  protect  the  workmen  from  splinters 
of  gbiBS  should  the  bottle  bnrat  dnring  the  operation.  The  month  of  the  bottle  ia 
prosed  np  by  the  lever  (n)  agninst  a  small  caoutchonc  plate  with  a  hole  in  the  middle, 
which  is  fitted  into  a  metal  collar  commnnicating  oo  one  side  with  the  cock  (ni)  and 
on  the  other  side  with  a  valve  (n)  capable  of  being  adjusted  by  a  spring.  In  tlw 
cavity  above  the  oiontchonc  ylate  is  fixed  at  (/)  a  cork,  which  lias  been  previoiuljr 
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DirecUy  a  bottle  is  filled  up  to  the  neck  with  aerated  water,  the  cock  (m)  is  closed, 
and  the  cork  (/)  pressed  by  roeaDS  of  a  plunger  worked  by  the  lever  (A)  into  the  neck 
of  the  bottle. 

The  bottle  is  removed  by  lowering  the  lover  (n).  It  is  then  placed  on  a  table,  and 
the  cork  held  fast  by  means  of  a  couple  of  bent  iron  rods,  while  a  workman  secures  it 
▼ith  wire  or  string. 

It  18  advisable  to  test  the  bottles  before  filling  by  exposing  them  to  a  pressure  of 
from  10-16  atmospheres,  so  as  to  avoid  injury  to  the  workman  during  the  filling. 
The  condenser  in  which  the  water  is  saturated  with  carbonic  acid  is  tested  before  use 
by  exposing  it  to  a  pressure  of  20  atmospheres.  The  testing  is  without  danger,  water 
being  used,  and  water  has  such  very  little  elasticity  that,  even  if  a  vessel  containing 
it  under  great  pressure  should  happen  to  spring,  the  pieces  of  the  broken  vessel  are 
not  scattered  about  with  any  great  violence. 

It  is  evident  that  the  apparatim  above  described  for  preparing  aerated  water  admits 
of  being  employed  in  the  preparation  of  all  effervescing  beverages  :  such  as  artificial 
sparkling  wines^  lemonade,  etc,  it  being  only  necessary  to  fill  the  compressor  with  the 
liquid  reqoiied. 

CASBOmC  OXXBS. 

FoRMmA  CO.    Molecular  Wbioht  28. 

CSomposltioa. — Carbonic  oxide  has  the  composition  represented  by  the  formula 
CO :  it  was  discovered  by  Priestley  in  1799. 

CliaraoterSa — Carbonic  oxide  is  a  colourless,  tasteless,  and  inodorous  gas,  tliat 
has  at  present  resisted  all  attempts  to  condense  it  to  the  liquid  state.  Its  specific 
grmvi^  IB  0*968.  Carbonic  oxide  is  only  slightly  soluble  in  water;  100  volumes  of 
water  at  0^  absorbing  only  about  3'3  volumes  of  tlie  gas ;  it  is,  on  the  contrary, 
easily  soluble  in  a  solution  of  cuprous  chloride.  Carbonic  oxide  is  combustible,  and 
it  bums  with  a  beautiful  blue  flame,  which  is  very  characteristic.  The  product  of  its 
combustion  is  carbonic  acid. 

Carbonic  oxide  does  not  possess  the  characters  eitlicr  of  an  acid  or  of  a  base  ;  it  is 
chemically  an  indifferent,  or  neutral,  body.  At  high  temperatures  carbonic  oxide  acte 
as  a  powerful  reducing  agent,  abstracting  oxygen  from  most  metallic  oxides,  when 
brooght  into  contact  with  them  at  a  red  heat. 

When  respired,  carbonic  oxide  acte  as  a  powerful  poison,  probably  by  robbing  the 
blood  of  oxygen.  Its  poisonous  action  upon  the  animal  organism  is  so  powerful,  that 
small  animals  die  in  a  very  short  time  when  placed  in  an  atmosphere  conteining  only 
1  per  cent,  of  carbonic  oxide  gas.  In  still  smaller  quantities,  it  causes  an  unpleasant 
feeling ;  headache,  dizziness,  and  even  svncope. 

The  fatal  efiTect  of  burning  charcoal  in  a  closed  room,  with  insufficient  ventilation, 
is  owing  to  the  formation  of  carbonic  oxide.  It  is  supposed  that  in  this  case,  carbonic 
oxide  is  not  a  direct  product  of  combustion ;  but  that  here,  as  in  everv  other  case  of 
combustion,  whether  the  access  of  air  be  limited  or  not,  carbon  probably  bums  in  the 
first  instance  to  carbonic  acid ;  and  that  this  gas  is  afterwards  reduced  to  carbonic 
oxide  by  contact  with  the  red-hot  fueL 

Vreparatloii. — Carbonic  oxide  is  easily  obtained  by  passing  carbonic  acid  gas 
through  a  tube  filled  with  pieces  of  aharcoal  and  heated  to  redness.  Under  these  con- 
ditions, the  carbonic  acid  combines  with  an  additional  proportion  of  carbon,  and  is  thus 
converted  into  carbonic  oxide  according  to  the  following  equation 

CO,  +  C  =  2  CO 
44         12  56 

Carbonic  oxide  can  also  be  prepared  by  heating  a  mixture  of  finely  powdered 
calcium  carbonate  with  one-sixth  of  ite  weight  of  charcoal  powder  in  an  iron  retort. 
At  a  red  heat,  the  calcium  carbonate  gives  ofiTite  carbonic  acid,  and  this  reacte  with 
the  charcoal  present  in  the  manner  above  described. 

The  most  convenient  method,  however,  of  preparing  carbonic  oxide  is  to  heat 
oxalic  add,  or  an  oxalate  with  strong  sulphuric  acid.  For  this  purpose,  either  crude 
oxalic  add,  or  salt  of  sorrt^l,  is  placed  in  a  capacious  flask,  covered  with  seven  or  eight 
times  its  weight  of  concentrated  sulphuric  acid,  and  the  mixture  heated.  Carbonic 
oxide  is  then  evolved,  mixed  with  some  carbonic  acid,  the  mass  frothing  considerably. 
On  this  aeooont,  the  flask  should  not  be  more  than  half  filled.  The  formation  of 
csrbonfe  oxide  in  this  case  depends  upon  the  fact,  that  when  the  sulphuric  acid  ab- 
itnets  dther  from  the  oxalic  acid  the  whole  of  ite  water,  or  from  the  oxalate  the 
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-whole  of  its  base,  the  oxalic  anhydride,  thus  set  free,  is  resolyed  into  carbonic  oxide 
and  carbonic  acid : 

CjHjO^  «  H,0  +  CO,  +  CO 
90  18  44  28 

A  method,  rerj  much  to  be  recommended  for  the  production  of  carbonic  oxide, 
consists  in  heating  in  a  glass  flask  a  mixture  of  yellow  prussiate  of  potash  (potassium 
ferrocyanide)  with  nine  times  its  weight  of  concentratea  sulphuric  acid. 

In  all  the  processes  above  described  for  the  preparation  of  carbonic  oxide,  the 
gas  is  accompanied  by  carbonic  acid.  To  remove  this,  the  gas  must  be  passed  through 
milk  of  lime  or  a  solution  of  caustic  potash  contained  in  two  or  three  Wonlfe's 
bottles. 

MAftSB   OABn 

FOBKULA  CH4.      MOLBCULAB  WbIOHT   16. 

Oocmrenoe. — Marsh  gas  is  formed  in  considerable  quantities  in  marshes  and 
stagnant  pools,  at  the  bottom  of  which  vegetable  remains  are  under  going  decay,  the 
decomposition  of  such  materials  under  water,  without  access  of  air,  being  fetvourable 
to  the  production  of  the  gas.  The  gas  often  observed  rising  to  the  surface  of  stagnant 
water,  more  especially  if  the  bottom  be  stirred  with  a  stick,  consists  chiefly  of  marsh 
gas,  mixed  with  nitrogen  and  carbonic  add.  In  order  to  collect  the  gas,  it  is  only 
necessary  to  invert  a  bottle  filled  with  water  over  the  spot  where  the  gas  is  issuing, 
and  to  conduct  the  bubbles  into  the  bottle  bv  means  of  a  funnel. 

In  certain  districts,  marsh  gas  is  found,  escaping  from  the  surface  of  the  earth. 
Such  gaseous  exhalations  occur  in  Italy,  on  the  northern  slopes  of  the  Apennines,  at 
Velleja,  Fietramala,  Barigozzo,  etc. ;  in  France,  at  St.-6arth61emy ;  in  this  countiy  in 
the  neighbourhood  of  Lancaster  and  Brosely,  as  well  as  in  Persia  and  in  Mexico.  The 
gas  generally  issues  from  the  ground,  accompanied  by  mud  containing  common  salt ; 
whence  those  springs  have  obtained  the  name  of  mud  volcanoes.  It  does  not  appear 
probable  that  these  springs  are  always  volcanic,  since  they  often  occur  in  districts 
fer  removed  from  volcanoes.  The  occurrence  of  the  gas  together  with  mud  in  such 
springs,' probably  indicates  that  it  has  been  formed  by  the  decay  of  plant  remains. 

Marsh  gas  occurs  in  veir  large  quantities  in  coal-mines,  and  is  on  this  account 
sometimes  called  pit  gas.  Being  confined  under  great  pressure  in  the  interstitial 
spaces  of  the  coal,  it  rushes  into  the  passages  of  the  mines  when  such  interstitial 
spaces  are  opened  in  course  of  working  a  seam  of  coal.  Here  it  comes  in  contact  with 
air,  forming  an  explosive  mixture,  which  often  causes  the  greatest  devastation,  if  the 
miners  incautiously  approach  with  a  naked  light.    Miners  term  the  gas  fire  damp. 

The  reason  why  these  explosions  are  so  dangerous,  is  the  enormous  expansion  of 
the  gases  that  takes  place  suddenly  owing  to  the  heat  developed :  by  the  violent  con- 
cussion thus  caused,  the  workmen  are  hurled  from  the  spot  with  great  violence,  or 
the  walls  and  roof  of  the  passages  are  shattered  and  the  mine  choked  up. 

Ctaaraotem. — Marsh  gas,  or  light  carburotted  hydrogen,  is  a  colourless,  tasteless 
gas,  very  sparingly  soluble  in  water:  it  has  not  as  yet  been  condensed  to  a  liquid, 
either  by  the  application  of  cold  or  pressure.  As  compared  vrith  hydrogen  its  density 
is  8,  and  its  specific  gravity  in  relation  to  air  is  0*554. 

When  respired,  marsh  gas  does  not  act  as  a  direct  poison,  but  it  is  not  a  supporter 
of  respiration.  It  is  combustible,  and  bums  with  a  yellowish  fiame  of  feeble  illumi- 
nating power,  the  products  of  combustion  being  water  and  carbonic  acid.  A  mixture 
of  this  gas  with  ten  times  its  volume  of  air,  or  with  twice  its  volume  of  oxygen,  ex- 
plodes with  great  violence  when  brought  into  contact  with  a  flame. 

Compositiona — This  substance  contains  three-fourths  its  weight  of  carbon,  and 
twice  its  own  volume  of  hydrogen. 

Vreparatfon. — In  order  to  prepare  pure  marsh  gas,  the  best  method  is  that  of 
heating  together  a  mixture  of  sodium  acetate  and  calcium  hydrate,  collecting  the  gas 
evolved  in  a  gas-holder  (fig.  3,  p.  20),  or  by  means  of  a  pneumatic  trough  over 
water  (fig.  1,  p.  18).  The  residue  in  the  retort  after  the  operation  is  over,  consists 
of  the  carbonates  of  sodium  and  calcium. 

Circulation  of  air  in  coalmines. — One  plan  of  preventing  explosions  consists  in  main- 
taining a  rapid  change  of  the  air  in  coal-pits,  by  means  of  artificial  ventilation.  Even 
in  coal-mines  where  fire  damp  is  only  occasionally  met  with  a  circulation  of  air  is 
necessary,  for  the  reason,  that  without  due  ventilation,  the  explosive  gases  gradually 
accumulate.  For,  though  large  quantities  of  fire  damp  seldom  appear  suddenly,  there 
is  in  many  coal-pits  a  continual  evolution  of  marsh  gas,  which,  when  it  has  time  to 
collect  in  any  particular  part  of  the  pit,  may  easily  give  rise  to  an  explosion. 
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Goal  obtained  from  pits  where  fire  damp  is  preyalent  generally  contains  marsh 
gas  in  its  carities ;  this  is  shown  bj  the  fact  that  snch  coal  explodes  with  a  loud  re- 
port when  heated,  and  sometimes  indeed  spontaneoaslj  at  the  ordinary  temperature. 
When  coal  is  freshly  taken  from  pits  of  this  kind,  it  often  gives  off  such  a  quantity  of 
gas  that  it  may  be  burnt  at  the  mouths  of  the  hutches  in  which  the  coal  is  brought  up 
from  the  mine. 

The  arrangement  for  obtaining  an  artificial  current  of  air  is  generally  the  following. 
Two  air-shafta  lead  into  the  mine,  and  at  the  mouth  of  one  of  them  is  a  furnace,  with  a 
chimney  fifty  or  sixty  feet  high.  This  furnace  is  so  connected  with  the  shaft  of  the 
mine,  that  it  can  only  obtain  the  necessary  supply  of  air  out  of  the  shaft  itself.  This 
shaft  being  in  communication  with  the  galleries  of  the  mine,  the  bad  air  is  thus  drawn 
from  the  mine  and  replaced  by  pure  air  which  enters  by  the  other  air  shaft. 

In  order  to  prevent  the  fisjne  of  the  furnace  from  setting  fire  to  inflammable  gases 
in  the  pit,  the  ventilating  tube  connecting  the  fiimace  with  the  shaft  is  fitted  with 
partitions  of  wire  gauze,  through  which  flame  cannot  pass. 

The  vicinity  of  flre  damp  is  indicated  to  the  miner  by  the  flame  of  his  lamp.  The 
presence  of  a  small  quantity  of  flre  damp  in  the  air  at  a  considerable  distance  fbom  the 
ezploaive  mixtore,  causes  the  flame  to  lengthen  and  bum  with  a  blue  colour,  which 
increases  in  depth  as  the  amount  of  flre  damp  in  the  air  increases.  If  there  is  danger 
of  an  explosion,  it  is  advisable  for  the  workman  to  lie  down  flat  upon  the  ground, 
for  in  that  position,  he  offers  less  resistance,  should  an  explosion  take  place. 

Davy" 9  Safety  Lamp. — The  problem  of  lighting  coal-mines  in  such  a  manner,  that 
the  source  of  lig^t  should  not  cause  the  flring  of  inflammable  gases,  has  been  the  object 
of  many  researches.  Dft^  especially  conducted  a  number  of  experiments  with  this 
end  in  view,  and  at  last  effected  a  solution  of  the  problem,  first  of  all,  he  experi- 
mented with  phosphorescent  substances,  which  after  having  been  exposed  to  sunlight, 
fMBMB  an  iUnminating  power  in  the  dark,  without  evolving  any  perceptible  heat. 
However,  the  light  emitted  by  all  such  substances  is  too  weak  for  lighting  np  a 
mine. 

Davy  next  studied  the  degree  of  inflammability  of  various  mixtures  of  marsh-gas 
and  air ;  and  npon  setting  light  to  them  with  a  flame,  he  obtained  the  following 
results: — 

2  vols.    The  mixture  bums  without  detonation. 
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The  mixture  burns  with  weak  detonation. 
The  mixture  bums  with  stronger  detonation. 
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The  mixture  bums  again  with  weaker  detonation. 
The  mixture  no  longer  ignites ;  the  flame  of  a  candle 
immersed  in  it  lengthens. 
16-30     „      The  mixture  does  not  ignite;  the  lengthening  of  the 
candle-flame  is  less. 


From  these  results,  it  is  evident  that  a  mixture  of  one  volume  of  marsh  gas  and 
eight  volumes  of  air  is  the  most  explosive.  One  volume  of  pure  marsh  gas  would  re- 
quire ten  volumes  of  air  for  the  combustion  of  the  whole  of  its  carbon  and  hydrogen 
to  carbonic  acid  and  water. 

Davy  also  found  that  a  red-hot  substance,  such  as  a  piece  of  red-hot  charcoal, 
mi|^t  be  introduced  into  an  explosive  mixture  of  air  and  marsh  gas  without  setting 
fire  to  it.  Harsh  gas  is,  therefore,  less  inflammable  than  carbonic  oxide,  oleflant  gas, 
solphnretted  hydrogen,  or  pure  hydrogen  ;  all  of  which  are  set  flre  to  when  a  piece  of 
re^hot  charcoal  is  brought  in  contact  with  them.  Accordingly,  since  a  mixture  of 
marsh  gas  and  air  is  not  easily  ignited,  Davy  conceived  the  idea  of  preventing  ex- 
plosions by  cooling  the  flame.  Experimenting  with  an  explosive  mixture  of  hydrogen 
and  air,  he  foand  that,  although  it  was  more  easily  inflammable  than  one  containing 
marsh  gas,  the  flame  did  not  extend  through  metallic  tubes  of  very  narrow  aperture, 
nor  even  through  very  fine  holes  made  in  a  piece  of  thin  sheet  metal.  Eventually, 
he  employed  wire  gauze,  and  found  that  it  prevented  fiamefrom  extending  throughout 
the  entire  mass  of  an  iufiammable  gas,  by  the  cooling  effect  it  produced,  just  like  a 
metallic  tube  of  small  diameter,  or  a  plate  with  fine  holes. 

Consequently,  by  using  a  lamp  with  the  fiame  surrounded  by  wire  gauze,  so  that 
the  air  necessary  for  combustion,  as  well  as  the  products  of  combustion,  can  enter  and 
eseape  only  throngh  the  wire  gauze,  the  firing  of  an  inflammable  gas  surrounding  the 
Imp  is  reodered  impossible.  The  cooling  effect  of  the  wire  gauze  prevents  the  pro- 
psgatioBof  flame. 
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In  the  lamp  used  originally,  and  to  a  great  extent  even  at  the  present  time,  a 
cylinder  of  wire  gauze  closed  above  was  fixed  round  the  flame  in  such  a  way  that  it 
rested  on  the  oil  vessel  of  the  lamp.  To  prevent  a  miner  being  suddenly  left  in  the 
dai'k  from  the  flame  of  his  lamp  being  extinguished  by  an  atmosphere  of  marsh  gas, 
Davy  fitted  his  lamp  with  an  arrangement  by  means  of  which,  after  the  extinction  of 
the  flame  the  man  would  still  have  light  enough  to  find  his  way  back.  This  arrange- 
ment consisted  of  a  spiral  of  platinum  wire,  surrounding  the  flame  of  the  lamp  and 
kept  red  hot  by  it.  If  the  flame  is  extinguished  by  contact  with  marsh  gas,  the 
platinum  spiral  continues  red  hot,  since  the  gas  which  comet  in  contact  with  it 
continues  to  bum  slowly,  and  thus  produces  a  feeble  light. 

The  safety  lamps  made  according  to  Davy's  construction  give  only  a  feeble  light, 
on  account  of  the  wire  gauze  throu^  which  it  has  to  penetrate.  The  consequence  of 
this  is  that,  in  order  to  obtain  more  light,  the  workmen  often  partially  remove  the 
wire  gauze ;  and  thus  accidents  have  often  occurred  in  spite  of  the  safety  lamps.  On 
this  account  the  construction  of  the  lamps  has  been  improved,  so  that  greater  illumi- 
nating tiSdct,  as  well  as  greater  safety,  have  been  obtained. 

Safety  lamps  give  considerably  more  light  when  constructed  as  follows :  The 
flame  is  surround^  by  a  globe  or  cylinder  of  thick  glass ;  this  glass  is  fitted  into  a 
double  cylinder  of  wire  gauze,  closed  above  also  with  double  wire  gauze,  through 
which  the  products  of  combustion  escape,  and  air  for  the  support  of  the  flame  enters 
the  interior  of  the  glass  cylinder  through  a  double  wire  gauze.  By  the  use  of  double 
wire  gauze,  the  inner  one  is  protected  by  the  outer  firom  coal-dust,  while  the  outer  one 
is  prevented  by  the  inner  one  from  becoming  too  hot. 

The  metal  of  which  the  wire  gauze  is  made  is  not  immaterial.  If  platinum  wire 
be  heated  only  moderately  in  an  explosive  mixture  of  marsh  gas  and  air,  it  soon  ac- 
quires such  a  temperature  that  it  is  capable  of  causing  the  explosion  of  the  gas. 
This  is  also  the  case  with  wire  made  of  silver  or  gold ;  on  which  account  these  metals 
are  not  suitable  as  material  for  the  wire  gauze  of  safety  lamps ;  although,  on  the 
other  hand,  owing  to  their  not  becoming  oxidised  when  heated,  they  would  be  in  that 
respect  rery  suitable  for  the  purpose.  Davy's  experiments  in  tliis  direction  showovl 
that  the  wire  gauze  is  best  made  either  of  copper,  brass,  or  iron  wire. 


Formula  C-U,.    Molecular  Weioht  28. 

(. — Oleflant  gas,  also  called  heavy  carburetted  hydrogen,  or  ethylene, 
IS  at  the  ordinary  temperature  a  colourless  gas,  which  under  strong  pressure  at- 110° 
is  condensed  to  a  colourless  liquid.  It  possesses  a  peculiar  ethereal  smell ;  bums  with 
a  luminous  flame;  is  very  sparingly  soluble  in  water,  but  is  rapidly  absorbed  by  con- 
centrated sulphuric  acid.  A  saturated  solution  of  olefiant  gas  in  sulphuric  acid  when 
diluted  with  water  yields  alcohol,  which  may  be  distilled  from  the  mixture. 

Oleflant  gas  is  considerably  denser  than  marsh  g-as ;  as  compared  with  hydrogen, 
its  density  is  14,  and  relatively  to  air  its  specific  gravity  is  0*9784. 

When  passed  through  a  tube  heated  to  redness  olefiant  gas  is  decomposed,  yielding 
marsh  gas  and  hydrogen  together  with  carbon,  which  is  deposited  on  the  sides  of  the 
tube.  This  property  of  oleflant  gas  must  be  considered  in  the  manufacture  of  coal- 
gas,  the  lighting  effect  of  which  is  chiefiy  due  to  the  ethylene  it  contains. 

A  mixture  of  ethylene  with  about  fifteen  times  its  volume  of  air  explodes  upon 
contact  with  the  electric  spark,  or  other  flame,  yielding  water  and  carbonic  acid. 

Olefiant  gas  enters  into  direct  combination  with  concentrated  sulphuric  acid.  As 
marsh  gas  does  not  combine  with  sulphuric  acid,  this  reaction  serves  for  the  separa- 
tion of  the  two  gases.  If  olefiant  gas  be  brought  into  contact  with  chlorine  in  the  dark, 
it  forms  with  it  an  oily  liquid,  having  a  composition  corresponding  to  the  formula 
C^Jlfii^  which,  from  its  discovery  by  four  Dutch  chemists,  has  been  called  Dutch 
liquid ;  and  from  the  oily  appearance  of  this  product,  the  gas  itself  received  its  name 
*  olefiant'  If  chlorine  be  allowed  to  act  upon  olefiant  gas  in  the  sunlight,  there  is 
formed  chiefly  a  product  represented  by  the  formula  C^HjCl,. 

Preparatloii. — Olefiant  gas  may  be  prepared  on  a  small  scale,  by  heating 
together,  in  a  retort  or  flask,  a  mixture  of  alcohol  and  from  four  to  five  times  its 
weight  of  concentrated  sulphuric  acid.  This  mixture  froths  considerably  when  heated 
and  especially  towards  the  end  of  the  operation;  therefore  the  generating  vessel 
should  not  be  more  than  half  filled.  The  frothing  may  also  be  prevented  by  mixing 
the  acid  and  alcohol  with  enough  sand  to  form  a  pasty  mass.  The  gas  evolved  upon 
the  application  of  heat  to  this  mixture  is  very  impure,  containing  carbonic  and  sol- 
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phuric  acids,  alcohol  and  ether ;  to  remove  which  the  gas  is  pafitsed  through  two  Woulfe's 
bottles,  containing  caustic  soda,  and  through  a  third,  containing  some  concentrated 
sulphuric  acid.  After  having  undergone  this  process  of  purification,  the  gas  may  be 
collected  over  water,  or  in  a  gasometer. 

Taldng  the  empirical  formula  of  alcohol  as  C^H^O,  it  is  evident  that  it  can  be  re- 
solved into  C^ffHjO,  and  that  accordingly  alcohol  contains  the  elements  of  olefiant 
gas  and  of  water.  If  pure  alcohol  be  heated  to  170^-180^,  together  with  concentrated 
sulphuric  acid,  the  dehydrating  affinity  of  the  latter  causes  the  decomposition  of  the 
alcohol  into  water,  which  combines  with  the  sulphuric  acid,  and  into  olefiant  gas 
which  escapes. 

When  wood,  coal,  or  resins  and  other  allied  organic  bodies  are  heated  with  exclusion 
of  air,  olefiant  gas  is  formed  together  with  various  other  products.  A  very  extensive 
application  is  made  of  this  mode  of  formation  of  olefiant  gas,  in  the  manufacture  of 
iUunrinating  gas,  in  which  ethylene  is  the  most  important  product.  (  Vide  '  Gas  Manu- 
foctnre.*) 

Vfl««« — Olefiant  gas,  mixed  with  allied  hydrocarbons  and  other  gases,  is  a  con- 
stituent of  the  different  kinds  of  illuminating  gases.  Besides  this,  attempts  have 
been  made  to  prepare  alcohol  from  olefiant  gas,  or  from  mixtures  of  it  with  the  other 
hydrocarbons  obtained  by  destructive  distillation. 


FoRiruLA  CN.    MoLBCULAA  Weiqht  26 

'• — This  substance,  which  is  interesting  chiefly  on  account  of  its  pseudo- 
elesnentary  character,  was  first  obtained  in  a  separate  state  by  Gay-Lussac  in  1815, 
but  many  of  its  compounds  had  long  been  known  as  articles  of  technical  utility.  On 
account  of  the  blue  colour  of  its  compound  with  iron,  known  as  Prussian  blue,  it  -was 
named  from  $cvap6s  blue,  and  ytvydu  to  produce. 

Composition. — CVanogen  contains  nearly  half  its  weight  of  carbon  and  its  own 
volume  of  nitrogen,  ana  assuming  the  normal  gaseous  volume  of  the  carbon  it  contains 
to  be  equal  to  Uiat  of  the  nitrogen,  the  combination  is  attended  with  a  condensation 
amonnting  to  one-half  the  total  volume  of  the  constituents. 

Climracters.— Cyanogen  is  a  colourless  gas  of  peculiar  odour.  Its  density  is 
13  as  compared  with  that  of  hydrogen,  and  its  specific  gravity  in  relation  to  air  is 
1*806;  by  cooling  or  compression  it  condenses  readily  to  a  liquid  of  0*866  specific 
gzavitf  as  compared  with  water,  and  by  further  cooling  it  solidifies.  The  gas  dissolves 
in  ODS-foorth  its  volume  of  water  and  still  more  copiously  in  alcohol.  It  is  very 
poisonous.  Cyanogen  is  combustible,  and  bums  with  a  blue  flame  yielding  carbon 
dionle  and  nitrogen : 

CN  +   20  -  CO,  +   N. 

One  of  the  most  remarkable  characteristics  of  cyanogen  is  the  analogy  between  it 
and  chlorine  in  its  chemical  relations  as  a  pscudo-elcmentary  substance,  and  on  this 
aooount  it  is  often  represented  bv  the  symbol  Cy  ;  it  combines  directly  with  metals, 
forming  saline  compounds,  called  cyanides,  which  are  analogous  to  the  chlorides. 
The  hydrogen  compound  corresponding  to  hydrochloric  acid,  and  known  as  hydro- 
cyan  1  c  or  pru  ssi  c  acid,  cannot  be  formed  directly,  but  is  readily  obtained  by  the  action 
of  strong  acids  upon  the  metallic  cyanides. 

Many  of  the  cyanides  combine  with  each  other,  forming  a  large  number  of  com- 
pounds, which  may  be  regarded  as  double  cyanides,  or  as  containing  a  still  more  complex 
molscnlar  g^roup  than  cyanogen,  that  also  nets,  like  it,  the  part  of  an  elementary  sub- 
stance, as  in  the  ferrocyanides,  which  contain  the  elements  of  ferrous  cyanide  FcCy, 
and  of  4  molecules  of  the  cjranido  of  a  univalent  element  or  radicle,  as  in  the  case  of 
the  salt  called  yellow  potassium  prussiate  or  potassium  ferrocyanide,  the  formula  of 
which  is  K4Fe"Cy. - 4KCy  +  Fe'Cvj.  Red  potassium  prussiate  K.Fo,'"Cy„  represents 
another  claims  of  compound  cyanides  term^  ferri  cyan  ides,  and  Uiere  are  several 
analogous  series  of  compounds  containing  cobalt  or  other  metals  in  the  place  of  the 
iron  of  ferrocyanides  and  ferricyanides.  These  substances  are  regarded  as  containing 
compound  radicles  termed  ferrocyanogen,  ferricyanogen,  cobaltocyanogcn,  etc,  which  are, 
like  cyanogen,  analogous  to  chlorine  and  act  the  part  of  pseudo-elementary  substances. 
Two  other  cyanogen  compounds  corresponding  respectively  to  water  and  sulphuretted 
hrtbcgen,  in  which  half  the  hydrogen  has  been  rephiced  by  cyanogen,  possess  the 
characters  of  acids,  viz.  cyanic  acid  HCyO  and  sulphocyanic  acid  HCyS,  and  they  are 
tberepmientattvesof  two  scries  of  salts  called  cyan&tes  and  sulphocyanates.'some 
9t  which  ars  of  tachnical  importance. 
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FORMUIA  KC7.      MOLBCULAB  WEIGHT  651. 

». — This  substance  is  commonly  met  with  in  the  state  of  a  white 
opaque  mass,  which  gives  off  the  odour  of  hydrocyanic  acid ;  it  is  deliquescent  and 
very  soluble  in  water,  crystallises  in  transparent  colourless  cubes,  and  is  extremely 
poisonous.  It  melts  rea<uly  at  a  low  red  heat,  and  is  volatilisable  at  a  much  higher 
temperature,  apparently  without  decomposition. 

Prepsmttoii. — ^Potassium  cyanide  is  prepared  by  the  action  of  heat  on  well- 
dried  potassium  ferrocyanide,  the  decomposition  being  represented  by  the  following 
equation : 

K,C,N.Fe  =  4KCN  +  FeC,  +  2N. 

Generally  the  ferrocyanide  is  mixed  with  potassium  carbonate  in  order  to  prevent 
decomposition  of  part  of  the  cyanogen,  and  to  obtain  a  larger  yield  of  cyanide ;  but  in 
this  case  the  product  contains  some  potassium  cyanate,  as  shown  by  the  following 
equation: 

K^C^JFe  +  KjCO,  =  6KCN  +  KCNO  +  Fe  +  00^ 

A  mixture  of  anhydrous  ferrocyanide  with  three-eighths  of  its  weight  of  dry  carbonate 
is  thrown  in  successive  small  portions  into  a  rod-hot  cast-iron  crucible,  and  the  heat 
maintained  until  the  evolution  of  gas  has  nearly  ceased  and  the  melted  mass  becomes 
colourless.  The  crucible  is  then  gradually  withdrawn  from  the  fire,  and  after  its  con- 
tents have  been  allowed  to  settle,  the  clear  melted  cyanide  is  poured  out  upon  an  iron 
slab. 


—Potassium  cyanide  is  largely  used  in  electro-plating,  in  photography,  and 
as  a  chemical  reagent. 


FOTA88ZUBI  TWMMOCT^ 

FoBxxnA  K^FeCyg.    Molecular  Weight  368*4. 

r. — ^This  substance,  commonly  called  yellow  prussiate,  was  first  prepared 
by  Macquer  about  the  middle  of  the  eighteenth  century,  and  is  largely  used  in  dyeing 
and  calico-printing,  as  well  as  fi>r  the  preparation  of  several  other  cyanogen  com- 
pounds. 

Potassium  ferrocyanide  may  be  regarded  either  as  the  potassium  salt  of  a  com- 
pound radicle,  ferrocyanogen  CgNgFe,  sometimes  represented  by  the  symbol  Cfy,  or  as 
a  double  compound  of  potassium  cyanide  and  ferrous  cyanide:  The  crystallised  salt 
contains  water,  and  its  composition  is  represented  by  the  formula  K^FqCj^  +  3H,0. 

Cliaraotem. — ^Potassium  ferrocyanide  crystallises  in  yellow  transparent  tables ; 
it  dissolves  in  4  parts  of  cold  water  and  in  2  parts  of  hot  water.  Heated  to  100^,  tht 
salt  gradually  loses  its  water  of  crystallisation,  and  is  converted  into  a  white  powder 
consisting  of  the  anhydrous  salt.  At  a  red  heat  it  decomposes,  giving  off  nitrogen  and 
leaving  a  mixture  of  potassium  (r^anide  and  iron  carbide. 

An  aqueous  solution  of  potassium  ferrocyanide  produces  in  solutions  of  ferric  saltom 
dark  blue  precipitate  called  prussianblue;  protosalts  of  iron  yield  with  potaBsiiim 
ferrocyanide  a  bluish  precipitate  which  by  contact  with  the  air  is  gradually  converted 
into  Prussian  blue.  Solutions  of  copper  ^ts  yield  with  potassium  femx^nide  a  «^«* 
reddish-brown  precipitate. 

Preparatioii. — On  the  large  scale  potassium  ferrocyanide  is  prepared  by  milling 
nitrogenous  organic  substances,  such  as  horn,  feathers,  dried  blood,  etc,  to  fhsed  potas- 
sium carbonate,  lixiviating  the  residual  mass  with  water  and  bringing  it  into  contact  with 
a  salt  of  iron.  During  the  melting  process  potassium  cyanide  is  formed  from  the 
potassium  of  the  potash  and  the  nitrogen  and  carlx)n  of  the  organic  substance,  and  th*t- 
Sidt  when  brought  into  contact  with  iron  in  the  lixiviation  yields  potassium  ferrocyan- 
ide, according  to  the  equation : 

6KCy  +  Fe  -I-  2H,0  =  K^FeCyg  +  2KH0  +  H,. 

Since  it  has  been  observed  that  the  iron  vessels  in  which  the  mixture  is  melted  axe 
very  much  attacked,  it  is  now  usual  to  add  iron  in  a  fine  state  of  division  to  the  melted 
mass.  By  the  reduction  of  potassium  sulphate  contained  in  the  crude  potash,  potas- 
sium sulphide  and  a  double  sulphide  of  iron  and  potassium  are  produced,  whidTdlf- 
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■oIt*  oq  anbaequant  lixiTiatJOD  of  th*  mass,  and  the  iron  sulphide  and  potuuinm 
moide  react  npoa  one  anothsr,  formiog  potassintu  fenocTanide  and  pi<t£SBiuai  anl- 
[uidB  •eccndiag  to  the  followiDg  eqnalJon  : 

6KCj   +  FeS     -     K,FeCy,  +   K^. 

Some  potonium  gnlphoiTaiiide  is  also  formed  during  the  mettinf*  procen,  but  it 
i>  deomipoaed  by  Che  iron,  vith  the  formatioii  of  iron  snipbide  and  potasnum  nsDide. 
The  deoLroction  of  the  iron  Teasels,  observed  in  Cases  where  no  iron  was  added  to  tlie 
melted  man,  is  therefore  simply  eipl^ned  by  the  iron  required  for  Uie  Bbore  leactions 
haTiDg  baen  taken  (iom  the  sides  of  the  iron  yessels. 

The  gnu  loos  of  nitrogen  which  takes  place  in  the  mannfactora  of  potassiom 
ftiTDcjmnide  is  Terj  disodTantageoiis.  At  the  most  onlr  oae-fonrtb  of  the  nitrogen 
idd«l  in  the  farm  of  animiLl  substances  ia  obtained  id  the  form  of  potassiam  feno- 
cjaoid^andtlieTeiQaiDiDg  three- fouiths  escaping  for  the  greater  part  as  A«e  nitrogen, 
togethez  with  a  small  ijuantit;  of  ammonia. 

Tto  potaib  nsad  in  tbe  preparation  of  potassiam  ferrocyanide  most  be  very  pare, 
in  Older  to  aroid  accumulation  of  foreign  suits  in  the  mother  liquor.  The  organic 
snbrtaaoea  an  carboaised  preTinnslj  to  being  miKd  with  the  fused  potash,  so  as  to 
gi«  rid  ai  far  as  posable  of  the  siuphnc  they  contain.  The  oitrogenons  organic  fab- 
ftaooM  caniist  chiefly  of  animal  refuse. 

The  proportion  of  organic  substance  reqnired,  as  wall  as  its  ralne,  depends  upon 
llu  pocentage  of  nitrogoD  it  cootaina.  The  following  table  by  Earmrodt  gives  the 
psrciEtage  of  aitrt^n  in  different  kinds  of  animal  refuse  : — 


Dried  bloi>d     '. 

WoollcD  IB^    . 

Sheep  aheartng^ 


10  „  le 
10  „  IT 
16  „    17 


Hide  clippings 

Old  shoes         .... 

Charcoal  &om  horn  according  to 
the  heat  to  which  it  has  been 
subjected     .... 

Charcoal  from  rsgs  . 


The  iron  reqoirad  in  the  preparation  of  yellow  prussiate  is  employed  as  Slings  or 
torainga,  or  in  some  other  finely  divided  state,  the  fine  division  being  necessary  so 
Ibat  tbs  roeltad  mass  may  act  upon  it  more  readily  thao  upon  the  sides  of  the  iron 


.  either  of  strong  sphsrical  or  shallow  cast-iron  pans, 
which  an  set  in  the  brickwork  in  such  a  way  that  the  flame  of  a  furnace  can  play 
nnnd  or  onr  them,  as  shown  in  flgs.  £16  nod  27.  Great  care  must  bo  taken  that 
DO  air  ha*  access  to  the  melting  space,  for  in  that  case  some  organic  substance  would 
be  Imrot,  sDll  Some  of  the  polaasiiim  cyanide  would  be  oiidised  to  cjsnate.  To  pre- 
vent this,  the  combustion  of  thp  fuel  must  be  aa  regulated  that  no  excess  of  air  passes 
with  the  tuna  into  the  iDslting  space,  bat  rather  undecomposad  ciirbonaceous  gases. 
TUsis  best  affidad  by  genemtingcarburetted  gas  from  the  ftielinaapecinlapparalus, 
tad  mixiDg  it  carehllj  with  a  nfflcient  quantity  of  sir  before  it  pasMS  into  tha 
■dtii^^Ma. 
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The  older  fonn  of  appftratiis,  represented  by  fig.  27,  consists  of  a  spherical  east-iron 
pot  (a.)  set*  in  the  furnace  (b),  so  that  the  flame  plays  round  it  before  escaping  by  the 
fine  (/)  into  the  chimney  (c),  and  a  space  is  left  between  the  month  of  the  iron  pot  and 
the  arch  of  the  fomace  for  the  escape  of  volatile  products.  Opposite  the  mouth  of 
the  iron  pot.is  an  opening  (o)  in  the  wall  of  the  furnace,  capable  of  being  closed  by  an 
iron  door  (d)  and  the  materials  used  are  thrown  into  the  pot  through  this  opening. 

Reverberatory  furnaces  are  sometimes  employed,  as  snowu  by  fig.  26.  In  this  case 
the  operation  is  conducted  in  a  shallow  iron  pan  (a),  heated  by  the  flame  passing 
over  It  from  the  fire  at  b,  and  at  o  is  the  door  for  changing  the  pan. 

The  method  of  operating  is  as  follows : — The  potash  (some  few  cwts.  being  taken) 
is  first  melted,  and  then  the  nitrogenous  organic  substance  mixed  with  iron  filing*  is 
gradually  added.  A  strong  evolution  of  gas  takes  place  at  first,  blue  flames  of  car- 
bonic oxide  are  observed,  while  at  the  same  time  the  organic  substance  dissolves  and 
potassium  cyanide  is  formed.  After  all  the  organic  substance  has  been  added,  and 
the  whole  mass,  which  is  termed  the  melt,  has  come  to  a  state  of  tranquil  fusion,  it 
is  ladled  out  into  iron  pans  to  cool. 

The  melted  mass,  when  cold,  is  lixiviated,  and  for  this  purpose  it  is  broken  up  into 
pieces  about  the  size  of  an  egg  and  thrown  into  iron  lixiviating  vessels.  It  is  there 
covered  with  water,  and  the  ley  heated  for  a  day  to  70° — 80°  bypassing  steam  into  the 
lixivating  vessel,  the  liquor  being  thus  concentrated  to  a  specific  gravity  of  1*16  to 
1*22.  I^ng  this  operation  the  potassium  cyanide  dissolves,  and  reacts  upon  the 
iron  and  iron  salts  in  the  way  previously  described  to  form  potassium  ferrocjranide. 
After  being  allowed  to  clear,  the  liquor  is  drawn  off  and  evaporated  to  a  specific  gravity 
of  1*27*  when  it  ^elds  cr)*8tals  of  potassium  ferrocyanide  upon  cooling. 

The  mother  liquor  contains  a  considerable  quantity  of  undecomposed  potassium 
carbonate.  It  is  therefore  evaporated,  and  the  product,  called  blue  salt,  is  mixed 
with  half  its  weight  of  pure  potassium  carbonate  for  use  in  a  subsequent  melting 
operation. 

Blue  salt  contains,  besides  potassium  carbonate,  potassium  sulphide,  sulphate, 
silicate,  and  chloride,  as  well  as  traces  of  other  salts.  Blue  salt  is  often  treated  for 
the  jModnction  of  impure  Prussian  blue. 

The  insoluble  residue  remaining  after  the  first  lixiviation  of  the  melted  mass  is 
washed  once  or  twice  with  fresh  quantities  of  water,  and  the  liquor  thus  obtained  is 
used  for  the  lixiviation  of  fresh  material.  The  residue  remaining  contains  over  10 
per  cent,  of  potash,  but  it  is  thrown  away  as  worthless,  and  thus  considerable  loss  is 
occasioned.  This  loss  of  potash  is  less  in  proportion  to  the  purity  of  the  animal  sub- 
stances used. 

Havrez  recommends  treating  suint  of  sheep  for  both  potassium  carbonate  and 
fernx^nide.  When  suint  of  sheep  is  incinerated  potassium  carbonate  is  obtained, 
mixed  with  a  considerable  quantity  of  potassium  c^'anido,  and  on  this  account  it 
would  bo  suitable  for  the  preparation  of  potassium  ferrocyanide.  The  direct  use  of 
wool  suint  as  nitrogenous  material  is  also  recommended  by  the  above  chemist. 

Recri/stalluation  of  the  Crude  Salt. — The  crude  salt  is  dissolved  in  hot  water,  or 
in  the  mother  liquor  of  a  previous  crystallisation,  and  the  solution  cooled  down  very 
slowly,  so  as  to  secure  the  formation  of  large  and  clear  crystals.  For  the  same 
purpose  pieces  of  string  are  often  supported  in  the  crystallising  vessels,  in  ordeir  that 
crystals  may  adhere  to  them. 

Vses. — ^Potassium  ferrocyanide  is  chiefly  used  for  the  preparation  of  potassium 
cyanide,  hydrocyanic  acid,  and  Prussian  blue ;  also  in  dyeing  and  calico-printing  for 
producing  blue  colours.    It  is  also  useful  as  a  reagent  in  analytical  operations. 
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Formula  KgFejCyi-.    Molecular  Wright  658 '6. 

Composition. — This  salt^  also  known  as  red  prussiate,  or  as  Gmelin's 
salt,  etc.,  is  the  representative  of  a  number  of  saline  compounds,  that  may  be 
regarded  as  containing  a  compound  radicle  CijNjjFc,,  which  is  sometimes  represented 
by  the  symbol  Cfdy. 

Cbaraoters. — It  forms  beautiful  transparent  garnet  red  crystals,  which  belong 
to  the  monoclinic  system.  The  salt  is  easily  soluble  in  water,  but  scarcely  at  flS 
soluble  in  alcohol. 

Prepamtloii.— Potassium  ferricyanide  is  obtained  by  acting  upon  potanium 
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ferrocyanide  irith  chlorine,  the  reaction  consisting  in  the  romoral  of  one  atom  of 
potassium  from  the  molecule  of  the  salt : 

2K^FeCy.   +   2C1     «     KJPefiy^^   +   2KC1. 

Potaanum  feiricyanide  is  prepared  on  a  large  scale  hy  passing  chlorine  gas  into  a 
hotsolation  of  potassium  ferrocyanide  having  a  specific  gravity  of  1*085,  until  a 
sample  no  longer  gives  a  dark  blue  precipitate  when  tested  with  a  solution  of  ferric 
salt,  but  only  a  clear  brown  liquid.  When  this  point  has  been  reached  the  liquid  is 
evaporated  in  a  copper  vessel  to  a  specific  gravity  of  1*216.  The  boiling  hot  liquor  is 
then  made  slightly  alkaline  by  the  addition  of  a  solution  of  ^tash  filtered  through 
linen,  and  left  to  crystallise  in  copper  vessels.  The  potassium  ferricyanide  forms 
beantifnl  prismatic  crystals,  while  the  potassium  chloride  remains  in  the  mother  liquor, 
together  with  some  potassium  ferricyanide,  which  may  be  obtained  in  a  less  pure  state 
by  further  evaporation. 

A  preparation  known  as  blue  powder  is  prepared  by  treating  finely-powdered 
potassium  ferrocyanide  with  chlorine.  It  consists  of  a  mixture  of  potassium  ferri- 
cyanide and  potassium  chloride.  By  treating  the  salt  with  water  and  crystallising 
once  or  twice  it  is  easy  to  obtain  from  it  pure  potassium  ferricyanide. 

Reichardt  suggests  the  use  of  bromine  in  the  place  of  chlorine  for  preparing 
potassium  ferricyanide.  There  is  no  doubt  that  the  required  change  would  be  brought 
about  as  well  by  bromine  as  by  chlorine,  but  probably  bromine  would  prove  too  dear 
for  the  preparation  of  potassium  ferricyanide  on  a  large  scale. 

VliMs. — Potassium  ferricyanide  is  used  in  dyeing  and  calico-printing,  for  producing 
blue  colours  on  wool  and  cotton  fabrics.    It  is  also  useful  as  a  reagent  in  analysis. 


Under  the  name  of  Prussian  blue  are  comprised  three  different  kinds  of  blue 
pigment,  all  of  which  owe  their  colour  to  ferrous  or  ferric  cyanide.  The  purest  of  them 
IS  Paris  blue,  consisting  entirely  of  ferric  ferrocyanide,  Fe43(FeCya) ;  aft«r  it  comes 
PmMian  blue,  which  is  contaminated  with  alumina,  starch,  and  similar  substances ;  the 
third  pigment,  called  mineral  blue,  is  the  most  impure,  being  mixed  with  large 
quantities  of  dialk,  heavy  spar,  clay,  starch,  etc.,  and  it  is  of  a  lighter  colour  than 
tha  others. 

Pore  ferric  ferrocyanide,  or  Paris  blue,  is  prepared  by  mixing  an  aqueous  solution 
of  potassium  ferrocyanide  with  an  excess  of  a  solution  of  ferric  salt,  such  a^  ferric 
nitrate.    The  reaction  which  takes  place  is  as  follows  : — 

3K,FeCy.   +  2]^^^}    =    Fe,3FeCy.  +    I2^^=|o. 

The  precipitate  formed  is  washed  several  times  with  water  by  a  process  of  decantation, 
and  then  thrown  upon  a  linen  bag  to  drain  off  the  moisture,  and  allowed  to  dry  slowly. 
When  it  has  attained  a  sufficient  consistency  for  moulding  it  is  either  cut  into  squares 
or  pressed  into  moulds,  and  the  pieces  are  afterwards  dried  in  the  air. 

Prussian  blue  is  prepared  by  mixing  an  aqueous  solution  of  potassium  ferro- 
cyanide with  an  excess  of  ferrous  salt  dissolved  in  wator.  A  white  precipitate  is  thus 
inodnced,  which  is  converted  into  the  dark  ferric-ferrocyanide,  or  Prussian  blue,  by 
treating  it  with  hydrochloric  acid  and  calcium  hypochlorite.  The  precipitate  consists 
of  potassio-ferroas  ferrocyanide,  K2Fe(FeCyg),  if  the  air  is  excluded,  and  there  is 
no  fenrie  salt  present;  it  is  formed  according  to  the  following  equation  : 

K^FeCy,  +   FeCl,  =  K,Fe(FeCy.)  +   2KCI. 

The  precipitate  rapidly  turns  bine  by  exposure  to  the  air  and  by  other  oxidising 
agenta,  owing  to  the  production  of  ferric  ferrocyanide,  as  shown  by  the  following 
eqnatioo: 

Poiudo-ferTtnia  Potassiain 

fymeywoide  PmsBian  blue  ferrocyanide  Ferric  oxido 

6K^e(FeCy,)      +       30       -       Fe,3(FeCy.)       +       3K,(FeCy«)     +      Fe,0, 

The  oxidised  blue  product  is  not  entirely  ferric  ferrocyanide,  for  another  reaction 
also  takes  place  when  the  white  precipitate  is  treated  with  oxidising  agents,  which 
18  Oiually  done  in  making  Prussian  blue,  and  as  is  shown  by  the  following  equation, 
part  of  the  potasdo-ferrous  ferrocyanide  is  converted  into  potassio-ferrous  ferricyanide : 

2K,Fe(FeCy,)   +   0     -     2KFe(FeCy.)   +   K,0. 

Oidinar^  Pmsiian  blue  is,  therefore,  generally  a  mixture  of  ferric  ferrocyanide 
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with  potAMio-ferrooB  ferricyanide,  the  proportions  Tarying  saDording  to  the  method 
of  mannfacture. 

In  the  preparation  of  ordinary  Pnusian  blue  rerj  cmde  potassiom  ferrocjanide  ia 
chiefly  uBed,  which  contains  considerable  quantities  of  potaesiam  carboDato,  and  iron 
alum  is  often  added  for  the  purpose  of  neotrali sing  it.  In  this  way  potassium  sulphate  and 
aluminum  hydrate  are  formed,  and  the  alumina  remains  mixed  with  the  Prussian  blue. 
When  it  is  desired  to  retain  the  aluminum  hydrate — which  is  generally  the  case— the 
oxidation  must  not  be  effected  by  the  agency  of  calcium  hypochlorite  and  hydro- 
chloric acid,  which  would  dissolve  the  aluminum  hydrate,  but  the  oxidation  is  in  such 
case  effected  by  exposing  the  mixture  to  the  action  of  the  air. 

Mineral  blue  is  produced  by  mixing  IVussian  blue  with  the  aboTe-mentioned 
foreign  ingredients,  the  Prussian  blue  itself  being  for  this  purpose  prepared  from  the 
most  impure  liquors  of  the  potassium  ferrocyanide  manufacture. 

Tumbvirs  Blue. — This  pigment  likewise  consists  of  ferrous  and  ferric  cyanides,  but 
its  constitution  differs  fVom  that  of  Prussian  blue.  This  may  W  seen  from  the  follow- 
ing equation,  which  represents  the  formation  of  TurnbuU's  blue  by  the  action  of 
potasmum  ferricyanide  upon  a  solution  of  a  ferrous  salt : 

PotA>idum  Ferrons  Ferrous 

ferri<7anide         diloride  ferriCTanide 

K.(Fo,Cy„)  +  3FeCl,   «   Fe/FejCy„)  +  6Kn. 

SolvhU  Prussian  hi  us  is  olitained  most  conveniently  according  to  Briicke  in  the 
following  way : — A  solution  of  1  part  ferric  chloride,  in  10  parts  water,  is  mixed  with 
double  its  volume  of  a  saturated  solution  of  Glauber  s  salt,  and  the  whole  stirred  up 
with  an  equal  volume  of  a  mixture  consisting  of  a  solution  of  potassium  ferrocyanide 
(containing  per  litre  217  grams  of  the  salt),  with  double  its  volume  of  a  saturated 
solution  of  Glauber  s  salt.  The  precipitate  formed  is  washed  by  deoantatiou  with  dis- 
tilled water,  until  the  waste  water  becomes  coloured.  The  residue  is  dried  at  the 
ordinary  temperature  and  dissolves  in  water,  forming  a  dark  blue  liquid. 

Reindel  prepares  soluble  Prussian  blue  by  dissolving  1  part  iron  wire  in  aqua  regia, 
and  adding  to  the  solution  an  aqueous  solution  containing  7*6  parts  of  potassium  ferro- 
cyanide and  a  small  quantity  of  alcohol ;  the  precipitate  thus  obtained  is  washed  with 
a  small  quantity  of  water  and  dried  in  the  air.  llie  precipitate  is  rendered  insoluble 
by  heating  it  to  100*'. 

Vsa. — Prussian  blue  is  chiefly  used  as  a  pigment  in  oil  and  water-colour  painting, 
also  in  dyeing  and  calico-printing,  the  colour  being  produced  within  the  fibres  them- 
selves, or  printed  upon  the  fabrics. 


FUEL. 

--The  application  of  artificially  produced  heat  for  cooking  food  and  for 
various  domestic  purposes  appears  to  have  been  always  a  prominent  feature  of  distinc- 
tion between  mankind  and  tJie  lower  animals ;  but  until  a  compiiratively  recent  Ak^, 
the  use  of  combustible  materials  as  a  source  of  heat  (fuel)  was  for  the  most  part  re- 
stricted to  the  warming  of  dwellings  and  the  preparation  of  food,  and,  beyond  the 
forging  of  iron  and  the  smelting  of  other  metals,  its  industrial  applications  seem  to 
have  been  but  few.  In  later  times,  however,  as  the  industrial  arts  developed,  the 
artificial  production  of  heat  by  the  use  of  fuel  became  one  of  the  most  important 
means  of  effecting  the  chemical  changes  that  take  place  in  manufacturing  operations; 
and  since  the  invention  of  the  steam  engine  furnished  the  moans  of  converting  heat 
into  motive  power,  the  use  of  fuel  as  a  source  of  heat  has  become  so  extensive  in  con- 
nection with  industrial  art  and  commercial  intercourse,  that  there  is  scarcely  any 
branch  of  industry  or  trade  that  is  not  to  some  extent  dependent  upon  it,  either 
directly  or  indirectly. 

Up  to  the  thirteenth  century,  wood  was  probably  the  chief,  if  not  the  only, 
material  used  to  any  great  extent  as  fuel,  and  the  burning  of  coal  for  any  purpose  m 
the  city  of  London  was  for  a  long  time  rigorously  prohibited  by  law.  Even  so  late 
as  the  year  1779,  the  quantity  of  coal  imported  into  London  was  only  about  800,000  tons. 
But  in  the  fifteenth  century,  the  consumption  of  wood  in  the  smelting  of  iron  had  be- 
come so  considerable,  andUie  consequent  destruction  of  timber  so  serious,  that  Acts  of 
Parliament  were  passed  to  restrict  its  use  for  that  purpose.  Shortly  afterwards  coal  was 
successfcUy  substituted  for  wood  in  iron  smelting,  and  since  the  middle  of  the 
eighteenth  century  it  has  been  the  chief  fuel  used  in  the  manufacture  of  iron,  as  well 
as  in  most  other  industrial  operations. 

Comi^psltlpB  «na  Oluiraeten.— The  various  materials  used  as  fael  are  all, 
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cither  directl J  or  indirectly,  of  vegetable  origin,  and  thej  consist  either  of  the  unaltered 
ligneous  (iflsue  of  plants,  as  in  the  case  of  wood  and  some  varieties  of  turf  and  peat,  or  of 
products  resulting  from  the  alteration  of  vegetable  materials  by  decay,  as  in  the  case 
of  the  various  kinds  of  peat^  lignite,  coal,  etc.  In  all  kinds  of  fuel  consequently  there 
is  a  general  similarity  of  elementary  composition,  accompanied,  however,  by  consider- 
able difference  in  the  relative  proportions  of  the  elementary  constituents,  and  by 
specific  differences  of  character,  depending  sometimes  more  upon  the  physical  struc- 
ture and  constitution  of  particular  kinds  of  wood,  peat  and  coal,  or  the  mode  in  which 
their  elementary  constituents  are  chemically  arranged,  than  upon  their  actual  amounts. 

In  all  cases,  the  chief  elementary  constituents  of  the  materials  used  as  fuel  are 
carbon  and  hydrogen,  combined  with  some  oxygen,  and  a  very  small  proportion  of 
nitrogen.  B^id^  these  constituents,  which  together  make  up  the  principal  mass  of 
all  kinds  of  fuel  materials,  and  constitute  the  oi^nic  combustible  portion,  there  is 
always  some  proportion  of  incombustible  earthy  or  inorganic  substance  that  remains 
as  ash  when  the  fuel  is  burnt,  and  originates  cither  entirely  firom  plant  tissues,  as  in 
the  case  of  wood,  or  partly  also  from  mechanical  admixture  of  earthy  substances,  such 
as  mud,  sand,  etc.,  with  the  carbonaceous  materials  from  which  a  particular  kind  of  fuel 
has  been  formed,  as  in  the  case  of  coal.  Some  of  the  materials  used  as  fuel'  also  con- 
tain, in  the  raw  state,  a  considerable  amount  of  water,  according  to  the  porous  or  com- 
pact texture  of  the  material  and  its  hygroscopic  character ;  this  is  especially  the  case 
with  wood,  peat,  and  lignite,  but  the  amount  of  water  in  coal  is  seldom  considerable. 

The  amount  of  ash  in  different  kinds  of  fuel  varies  considerably.  In  wood  it  is 
seldom  much  more  than  1  per  cent. ;  but  in  some  kinds  of  lignite  and  coal  it  rises 
as  high  as  10  or  even  20  per  cent. ;  as  a  general  average,  5  per  cent,  is  as  much  as  there 
ritould  be  in  fuel  of  good  quality. 

The  water  actually  existing  in  fresh  wood  and  in  air-dried  turf  and  peat  may 
amount  to  upwards  of  40  per  cent,  and  even  in  ordinary  air-dried  wood  as  well  as  in 
peat  and  lignite  it  is  seldom  less  than  20  per  cent. ;  in  coal  the  amount  of  water  is 
always  very  much  less. 

The  following  tables  give  the  average  composition  of  different  kinds  of  fuel. 
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^ITood. — There  is  but  little  difference  in  wood  as  regards  its  composition,  which  ap- 
proximates closely  to  that  of  pure  woody  fibre,  and  its  applicability  as  fuel  depends 
chiefly  upon  its  density  and  structural  peculiarities,  according  to  which,  the  different 
kinds  of  wood  are  distinguished  as  hard,  like  oak,  beech,  elm,  alder,  etc.,  or  soft,  like 
pine,  fir,  wiUow,  and  poplar  woods.  The  weight  of  a  cubic  foot  of  wood  varies  from 
26  to  42  lbs. 

Turf  mnA  Voat  consist  of  the  remains  of  mosses  and  other  plants  that  have 
undergone  some  degree  of  alteration.  In  many  cases,  the  plant  structure  remains  al- 
most perfect,  and  the  material  has  a  spongy  fibrous  character.  Sometimes,  however, 
the  entire  mass  has  been  converted  into  a  pasty  condition  like  clay,  with  only  slight 
indications  of  the  organised  structure,  and  the  term  peat  should  be  restricted  to  these 
Tarieties.  In  consequence  of  this  difference  of  texture,  the  density  of  turf  and  peat 
varies  from  0*2  to  1*23,  and  the  weight  of  a  cubic  foot  from  12  pounds  to  78  pounds. 

Both  peat  and  tnrf^  as  they  usually  occur  in  bogs  or  on  the  side  of  mountains, 
eootain  from  80  to  90  per  cent,  of  water,  and  in  the  ordinary  air-dried  condition  they 
eootain  from  20  to  40  per  cent. 

As  regards  composition,  there  is  but  little  difference  between  the  various  kinds  of 
tnf  and  peat,  and  their  applicability  as  fuel  depends  chiefly  upon  their  physical 
ehazaeter.    They  are  generally  somewhat  more  carbonaceous  than  wood. 

eoal  consists  of  plant  remains  still  retaining  their  struc- 
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tare  in  a  distinctly  recognisable  condition,  thongh  they  hare  undergone  alteration  to 
greater  extent  than  turf  or  peat  The  density  of  lignite  is  geneially  miU:h  greater 
than  that  of  peat,  varying  from  1*1  to  1*85,  and  the  cubic  foot  weighs  on  the  average 
about  80  pounds. 

In  composition,  lignite  approximates  to  wrxxl,  but  it  is  more  highly  carbonaceous 
in  proportion  to  the  degree  of  alteration  it  has  undergone. 

CoaL — Under  this  name  are  comprised  the  different  kinds  of  mineral  carbon  and 
a  great  variety  of  highly  carbonaceous  combustible  minerals  that  are  capable  of  being 
used  as  fuel,  and  indeed  are  by  &r  the  most  important  materiab  applied  to  this  pur- 
pose. Coal  has  probably  in  all  cases  originated,  like  other  combustible  carl>onaceou8 
minerals,  from  the  gradual  alteration  of  vast  masses  of  the  remains  of  plants  which 
flourished  in  great  luxuriance  at  very  remote  periods  of  earth's  histoiy.  The  general 
chemical  features  of  tliis  alteration,  by  which  the  ligneous  tissues  of  plants  have  been 
gradually  converted  into  coal,  consist  in  the  elimination  of  water  as  well  as  oxygon 
and  hydrogen,  existing  as  constituents  of  the  original  plant  remains,  and  tho  conse- 
quent proportionate  increase  of  tho  amount  of  car1>on  in  tho  residual  mass.  But  dif- 
ferences in  the  particular  nature  of  the  original  materials  from  which  coal  has  been 
thus  formed,  as  well  as  in  the  conditions  under  which  the  alteration  took  place  and 
the  extent  to  which  it  has  advanced,  have  frequently  influenced  very  consideriibly  the 
character  of  the  product,  and  consequently  there  are  numerous  varieties  of  coal  pre- 
senting differences  in  Uieir  composition  and  characters  that  are  sometimes  Y&ry 
marked,  though  in  general  they  are  more  differences  of  degree  than  otherwise. 

The  several  kinds  of  coal  may  be  conveniently  classified  under  the  two  heads  of 
Anthracite  and  Bituminous  Coal;  but  this  classification  is  entirely  conventional, 

*  and  is  based  only  upon  the  presence  or  absence  of  certain  characteristics  affecting  the 
practical  application  of  coal  as  fuel. 

A  similar  conventionality  and  vagueness  attaches  to  the  general  definition  of  coal 
as  a  fuel  material,  and  its  distinction  even  in  this  respect  alone  from  other  analogous 
minerals,  such  as  tho  carbonaceous  shales,  etc.,  that  are  frequently  associated  with 
coal,  and  have  probably  been  formed  from  similar  materials  and  in  the  same  manner 
as  coal,  but  are  distinguished  chiefly  by  containing  large  amounts  of  incombustible 
earthy  admixture.  From  a  practical  point  of  view,  any  carbonaceous  mineral  that 
will  bum  may  in  a  general  way  be  regarded  as  coal ;  but,  in  some  respects,  its  ap- 
plicability as  fuel  may  be  greatly  influenced  by  the  amount  of  earthy  substance  it 
contains,  and  this  often  constitutes  a  good  criterion  as  to  whether  a  particular  mineral 

should  -be  regarded  as  coal  or  not. 


Carbon 

Anthradto 
91-44 

Merthyr 

Duflfryn 

Hartley 

Oldcostlo 
87-68 

Hartley 

Wigan 

90-27 

88-26 

81-18 

80-26 

8007     . 

Hydrogen  . 

3-46 

412 

4-66 

5-56 

4-89 

5-28 

5-53 

Oxygen 

2o8 

2-63 

0-60 

8-03 

3-39 

2-40 

8-10 

Nitrogen 

0-21 

0-63 

1-45 

•72 

1-31 

116 

212 

Sulphur 

0-79 

1-20 

1-77 

1-44 

•09 

1-78 

1-50 

Ash    . 

1-52 
100 

2-53 
101-28 

3-26 

307 

2-64 
100 

912 

2-70 

• 
1 

100 

100 

100 

10002 

Anthracite  is  characterised  by  containing  a  laiger  amount  of  carl>on  than  any 
other  kind  of  coal.  It  is  very  dense,  hard,  and  brittle.  It  is  less  readily  combustible 
than  almost  any  other  kind  of  fuel,  and  it  requires  a  strong  drsiught  or  blast  for  its 
combustion.  When  suddenly  heated,  anthracite  decrepitates  and  crumbles  into  small 
fragments,  a  character  which  makes  anthracite  difficult  to  bum  without  considerable 
waste. 

The  various  kinds  of  bituminous  coal  arc  generally  less  carbonaceous  than  anthra- 
cite, and  they  contain  relatively  laiger  proportions  of  hydrogen  and  oxygen.  Th«Te 
is  not,  however,  any  recognisable  relation  between  their  specific  charactera  and  their 
elementary  composition.  Bituminous  coal  is  generally  characterised  by  containing  a 
considerable  amount  of  bituminous  substance  which  is  decomposed  by  heat,  yielding 
volatile  tarnr  and  gaseous  products,  and  consequently  burns  with  flame.  In  this  respect 
it  differs  widely  from  anthracite,  which  contains  little  volatilisable  substance  and  bums 
without  flame.  Some  bituminous  coal  undergoes  a  kind  of  imperfect  fusion  when 
heated,  softening  and  swelling  up  considerably  from  the  evolution  of  gas  whUe  de- 
composing, and  ultimately  forming  a  bulky  porous  mass  of  carbon.  CcmlI  of  this  kind 
is  termed  caking  coal.    Other  kinds  of  bituminous  ooal  which  retain  tlieir  ioiidilj 
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and  form  when  heated,  bat  split  into  columniir  fragments  when  burnt,  are  commonly 
termed  drj  or  free-burning  coals.  Another  kind  of  bituminous  coal,  containing 
a  Urge  amount  of  bituminous  substance  Tolatilisable  by  heat,  is  termed  can  n  el  coal. 
The  specific  graTity  of  bituminous  coal  yaries  from  1*2  to  1*6,  the  cubic  foot  weighing 
from  70  to  90  pounds. 

^ce  the  value  of  any  material  as  fuel  is  proportionate  to  the  combustible  sub- 
stance it  contains,  the  presence  of  any  considerable  amount  of  earthy  substance  or  of 
vater  is  objectionable  on  that  account  alone.  The  presence  of  earthy  substances  has 
likewise  the  disadirantago  of  causing  inconyenience  when  the  fuel  is  burnt,  by  the 
Belting  or  caking  of  the  earthy  residuum  and  the  formation  ofslagorclinker  upon 
the  fire  bars  of  3ie  furnace.  The  presence  of  water  in  fuel  is  also  attended  with  a 
fvrther  disadvantage,  consisting  in  the  consumption  of  boat  for  the  yaporisation  of  this 
vater,  sothat  some  portion  of  the  heat  actually  produced  by  burning  the  fuel  is  thus 
expended  uselessly  and  with  a  proportionately  inferior  practical  effect. 

When  any  material  containmg  water  is  used  as  fuel,  the  quantity  requisite  for  pro- 
ducing a  given  effect  is  therefore  proportionally  greater  than  it  would  be  if  the  fuel 
▼ere  free  from  -water.  For  some  purposes,  such  as  evaporation  or  heating  liquids,  no 
gRst  advantage  would  be  gained  by  drying  the  fuel  artificially  before  burning  it, 
since  the  consumption  of  heat  in  drying  would  be  equal  to  the  waste  attending  the  use 
of  the  fuel  in  its  raw  state.  The  case  is  different,  however,  when  fuel  is  used  with  the 
special  object  of  producing  a  high  temperature,  for  the  temperature  attainable  by 
the  combustion  of  a  material  is  absolutely  limited  by  the  presence  of  water  in  any 
considerable  amount,  and  it  is  only  by  previously  drying  the  fuel  that  it  is  possible  to 
induce  a  hifh  temperature.  It  is  on  this  account  that  wood  and  similar  materials 
ue  tnbjected  to  the  operation  of  kiln  drying  to  render  them  more  suitable  for  use  as 
^  when  high  temperature  is  one  of  the  effects  they  are  intended  to  produce. 

The  amount  of  heat  that  any  material  is  capable  of  producing  when  used  as  fuel, 
depends  principally  upon  the  composition  of  the  combustible  portion,  and  to  some  ex- 
tent also  upon  special  peculiarities  of  its  conf<titution,  structure,  and  condition,  by 
which  its  combustion  is  influenced.  Carbon  and  hydrogen,  the  heat- producing  con- 
Uitaents  of  all  kinds  of  fuel,  dififer  considerably  in  regard  to  the  amount  of  heat  they 
produce  when  burnt.  Carbon  burnt  to  carbonic  dioxide  evolves  heat  sufficient  to 
laise  the  temperature  of  8,000  times  its  weight  of  water  one  degree,  and  hydrogen 
when  burnt  evolves  heat  sufficient  to  raise  the  temperature  of  3,3881  times  its  weight 
of  water  one  degree,  or  4*23  times  as  much  as  an  equal  weight  of  carbon.  For  the 
pofpofie  of  expressing  the  relative  heat-producing  power  of  fuel,  carb5n  is  taken  as  the 
standard  of  comparison,  and  the  heat  it  evolves  when  burnt  to  carbonic  dioxide  as  the 
wiit  of  calorific  power. 

When  the  combustible  portion  of  fuel  consists  entirely  of  carbon,  as  in  the  case  of 
c^i&Roal  or  coke,  its  relative  calorific  power  ^  corresponds  with  the  amount  of  carbon  C, 
in  the  fuel. 

When  the  combustible  portion  of  fuel  contains  hydrogen  as  well  as  carbon,  the 
oloriflc  power  referrible  to  this  constituent  is  found  by  multiplying  its  percentage 
amount  t^  4*23,  and  adding  the  product  to  the  number  expressing  the  amount  of 
«rf»n;  thu8p  =  C  +  4-23  H. 

When  fuel  contains  oxygen,  this  constituent  must  be  regarded  as  being  already  in 
combination  with  an  equivalent  quantity  of  hydrogen,  and  when  the  fuel  is  burnt  a 
cfATesponding  quantity  of  water  is  produced  in  addition  to  that  actually  existing  in 
the  materiaL  Thus,  for  instance,  kiln-dried  wood  containing  about  41  per  cent  of 
oxygen  and  6  per  cent,  of  hydrogen  will  produce  in  burning  more  than  half  its  weight 
of  water,  the  greater  part  of  which  is  formed  by  the  combination  of  some  of  the  hydrogen 
vith  the  oxygen  that  constitutes  part  of  the  wood.  This  combination  of  hydrogen 
vith  osygen  existing  in  the  wood  is  not  attended  with  evolution  of  heat,  and  only  the 
carton  and  the  surplus  hydrogen  over  and  above  the  quantity  equivalent  to  the  oxygen 
g^t  in  the  fuel  evolve  heat  in  the  combustion  of  a  material  containing  oxygen, 
^^adically,  therefore,  the  heat-producing  capability  of  such  a  material  as  wood,  even 
vhca  kiln  dried,  is  limited  by  the  amount  of  oxygen  it  contains.  In  other  words,  when 
■i^temls  oontaining  oxygen  are  burnt  as  fuel,  only  those  portions  of  the  carbon  and 
Mitogen  are  capable  of  evolving  heat  which  can  be  reganled  as  though  existing  in 
^f  free  state.  As  a  result  of  this  important  fact,  the  efficiency  of  wood  or  any  other 
i^iisterial  containing  a  considerable  amount  of  oxygen  is  very  much  less  than  that  of 
iBAterials  containing  no  oxygen.  In  the  case  of  kiln-dried  wood  only  the  carbon,  and 
tbottt  one-sizth  part  of  the  hydrogen  it  contains,  generate  heat  when  the  wood  is 
^'■nit  Thevefore,  in  expressing  the  relative  calorific  power  of  a  material  containing 
VKjgen,  a  deduction  must  be  made  from  the  total  amount  of  hydrogen  equal  to  one- 
CvAh  of  the  oxygen  present,  and  in  sudi  cases  ;> »  C  +  4'23  (H— ^0). 

In  aU  kbdfl  of  turn,  oontaining  hydrogen  and  oxygen,  the  hydrogen  is  in  excess  of 
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tlie  aiuuitity  reqaUite  for  fonning  water  with  the  oxygen.  This  is  the  case  eren  with 
wooa,  althou^  the  eellnloM  of  which  it  chiefly  consists  has  the  composition  of  a 
carbohydrate.  This  excess  of  hydrogen  in  wood  is  due  to  the  presence  of  resin  and 
similar  snbstances.  In  other  kinds  of  fael,  rach  as  peat,  lignite,  and  coal,  the  excesi 
of  hydrogen  over  and  above  that  requisite  to  form  water  with  the  oxygen  they  contain 
is  still  greater.  The  excess  of  hydrogen  in  these  cases  appears  to  indicate  that  in  the 
alteration  of  plant  remains,  by  which  these  materials  hare  been  formed,  oxygen  has 
been  to  a  great  extent  eliminated  in  combination  with  carbon  and  not  altogether  as 
water.  A  similar  result  may  sometimes  be  produced  in  the  combustion  of  fuel,  and 
in  that  case,  according  to  the  amount  of  hydrogen  capable  of  being  burnt,  a  propor- 
tionately greater  amount  of  heat  would  be  produced,  since  the  calorific  power  of 
hydrogen  is  4*23  times  that  of  carbon.    In  such  cases  p  —  C—iO-i-  4*23  H. 

The  calorific  power  of  fuel  may  be  expressed  in  heat-units  by  multiplying  the 
amount  of  carbon  and  the  amount  of  available  hydrogen  in  one  part  of  the  fuel  re- 
spectively by  the  numbers  expressing  in  heat  units  the  calorific  power  of  carbon  and 
of  hydrogen ;  the  sum  of  these  two  products  represents  the  calonfic  power  of  the  fuel 
in  heat-units : 

Fuel  containing  only  carbon    .        •    P  —  8000  C 

Fuel  containing  carbon  and  hydrogen    p  »  8000  C  t  33881  H 

^"ai.uS'g^r  ""^''  ''^"'^"i     P  =  8000C  +  33881  (H-4O). 

The  numerical  expression  of  calorific  power  in  heat  units  will  of  course  be  different 
according  as  the  thermometric  scale  to  which  it  refers  is  that  of  Celsius,  Fahrenheit,  or 
R^umur,  since  the  degrees  of  these  scales  are  in  the  ratio  of  1  :  I'S  :  0*8.  The  Talne 
of  the  heat  unit  as  a  definite  quantity  will  also  be  different  aoG»rding  to  the  unit  or 
weight  as  well  as  the  thermometric  scale  referred  to.  According  to  the  centigrade 
scale  and  the  metrical  system  of  weights,  the  heat  unit  is  the  quantity  of  heat  which 
raises  the  temperature  of  one  kilogram  of  water  from  4^  to  8^C,  while  the  heat  unit, 
according  to  the  Fahrenheit  scale  and  the  British  system  of  weights,  is  the  quantity  of 
heat  which  raises  the  temperature  of  a  pound  of  water  from  40^  to  41°  F.  Conse- 
quently these  two  values  bear  the  following  ratio  to  each  other : 


BritiBh  heat  unit 

French  heat  unit 

1 

s 

0-251996 

3-96832 

B 

1- 

In  the  following  table  the  calorific  power  of  several  combustible  materials  is  given 
botli  relatively  and  in  heat-units  of  the  centigrade  as  well  as  the  Fahrenheit  scales. 

The  figures  in  column  2  represent  the  average  in  decimal  parts  of  the  respective 
proportions  of  the  elementary  constituents,  ash,  etc,  in  one  part  of  the  different 
materials.  Column  3  gives  the  weight  of  oxygen  requisite  for  converting  the  combus- 
tible car1)on  and  hydmgen  in  one  part  of  each  material  into  carlwn  dioxide  and  water. 

The  numbers  in  column  7  of  the  accompanying  table  are  obtained  by  dividing  those 
in  column  5  by  100  or  those  in  column  6  by  180,  upon  the  assumption  that  equal  quan- 
tities of  heat  are  requisite  for  raising  the  temperature  of  x  parts  of  water  y  degrees 
or  y  parts  of  water  x  degrees.  Thus  the  heat  evolved  by  the  combustion  of  one 
pound  of  carbon  would  be  sufficient  to  raise  the  temperature  of  8000  pounds  of  water 
from  4®  to  6®  or  of  80  pounds  of  water  from  0°  to  100°.  This  assumption,  however, 
is  not-stzictly  correct,  since  the  specific  heat  of  water  increases  slightly  as  the  tem- 
perature exceeds  4°,  the  point  of  its  maximum  density;  but  the  data  in  the  table  are 
sufficiently  exact  for  ordinary  purposes. 

The  numbers  in  column  8  are  obtained  by  dividing  those  in  column  7  by  5*37  on 
the  assumption  that  the  quantity  of  heat  requisite  to  convert  water  at  the  boiling 
point  into  steam  under  the  normal  atmospheric  pressure,  is  5*37  times  as  much  as  is 
requisite  for  raising  the  temperature  of  the  same  weight  of  wat?r  from  0°  to  100°. 

A  comparison  of  the  data  given  in  this  table  will  show  clearly  the  influence'  ex- 
ercised by  the  presence  of  oxygen  in  the  materials  used  as  fuel,  not  only  by  reducinir 
the  actual  amount  of  carbon  and  hydrogen,  but  also  by  rendering  some  portion  of  one  or 
both  of  those  substances  useless  for  the  production  of  heat,  inasmuch  as  they  are  already 
combined  with  the  oxygen.  This  is  very  evident  in  the  case  of  carlx)nic  oxide  which 
gives  1731  heat  units  by  combustion,  or  only  half  as  much  heat  as  would  be  produced  by 
the  combustion  of  a  quantity  of  carbon  equal  to  that  contained  in  the  unit  of  weight  of 
carbonic  oxide.  In  fuct»  so  far  as  regards  the  production  of  heat  corresponding  to  the 
oxidation  of  carbon  to  carbon  dioxide,  one-half  of  the  carbon  in  carbonic  oxide  may  be 
regarded  as  if  it  were  already  in  the  state  of  carbon  dioxide,  since  the  heat  evolved  by 
the  combustion  of  carbonic  oxide  is  only  half  that  evolved  by  the  combustion  of  a 
quantity  of  carbon  equal  to  the  carbon  contained  in  that  gas. 
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Hie  pi»ctjcBj  effect  produced  bj  anj  material  used  an  fuel  is  alwayg  less  than  iU) 
>l<inSc  paver  iroald  iniiicate.  luid  the  amount  of  this  difference  depends  upon  a 
Dmnlnrt^coiidit^ous,  Hmong  which  the  elementary  coinpositluD  is  oae  of  ihe  mostim- 
pvtiit  in  its  isflneni^e.  To  illoBtrate  the  nature  of  this  diSerenee  between  (he  cnlo- 
Blt  power  of  fsel  and  ite  practical  efficiencj,  it  will  be  necessary  to  considar  how  the 
bu  aelnallj  erolTed  in  homing  fuel  is  dispased  of.  Tn  any  ease  of  the  combtmtion  of 
fid.  tlie  toul  beat  evolved  is  commiinieatsd  to  the  product  of  combustion,  which  is  in 
•QaidiiBiT  cases  gaseons,  producing  in  it  at  the  moment  of  CDmbostJon  a  temperature 
ddamiiied  partly  by  the  caloriSc  power  of  the  fuel,  anii  partly  by  the  aature  as  well 
u  the  amonnt  of  Uie  product  of  oombuation.  Thua,  for  instance,  taking  the  eimplest 
MKCBrbon  requires  for  its  combastioQ  to  carbonic  dioxide  2'67  times  its  weight  of 
otjgia,  aod  by  combining  with  oxygen,  it  produces  3-67  times  its  weight  of  CHrbonic 
™<xidck  Since  Almospheric  air  is  the  source  of  the  oxygen  that  supporta  thecombus- 
tiw,  tnd  siace  it  contjiiBs  only  2S  per  cent,  of  oxygen  by  veigLt,  the  quantity  of  air 
nKrtuDing  the  2'S7  parts  of  oxygen  requisite  for  tiie  combustion  of  the  carbon  will  be 
ll-fl  times  the  w«ght,  of  the  carbon  bnmt,  and  the  3  67  part^  of  carbonic  dioxide 
pndtued  will  be  mixed  with  tbe  B'D4  parts  of  nitrogen  contained  in  that  quantity  of 
tir,  making  the  gaseous  product  of  combnstioD  in  all  12'G1  timea  the  weight  of  the 
ortoD  burnt. 

The  hett  erolred  by  the  combostion  atid  distributed  throughout  the  quantity  of 

^iud  gis  is  flOOO  heat  units,  and  it  is  sufficient  to  raise  the  temperature  of  a  quan- 

li^tf  water  8000  timea  the  weight  of  thecarbon  burnt  one  degree,  or  of  a  qnonbty  of 

■>Mi  tc[a»i  to  Ihg  weight  of  mixed  gaS  resulting  from  the  combusUou  63S  degrees. 

8000    X    1°      =      12-61    X    636". 

Bot  nnee  the  specific  heat  of  carbonic  dioxide,  as  well  as  that  of  nitrogen,  or  tlie 
IMstities  of  h(Bt  requisite  to  raise  the  temperature  of  these  gases  one  degree,  is  much 
Is  thin  the  spcdflc  heat  of  water,  tbe  increase  of  tamporature  of  the  mixed  gas  re- 
citing friMU  the  combustion  is  proportionately  greater  than  636°. 


Ijrtj    G^o    n»t.unll. 


Ckrbon  dioxids    .        .    3-S7  x  '21 

Nitngso      .        .        .    B-St*  i     '3 

ud  the  8000  heat-nniU  viU  therefmo  n 
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B  the  tempetatuie  o 
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Under  ordinary  ciicnmstaDees,  howerer,  the  effect  produced  bj  burning  fael  is 
eonsideraUj  less  than  that  indicated  bj  the  above  calculation ;  for  bv  the  combination 
of  oxjstn  with  carbon  and  hydrogen  there  is  a  constant  tendency  to  the  production  o£ 
an  atmoephere  of  carbonic  dioxide,  waiter  rapoor.  and  nitrogen  in  the  furnace ;  and 
in  order  to  maintain  a  sufficiently  rapid  combustion,  it  is  necessary  to  remove  these 
products  of  combustion  and  to  snpplv  air  in  greater  proportion  than  is  necessary  for 
the  mere  oxidation  of  the  carbon  an^  hydrogen,  so  as  to  sweep  the  products  of  com- 
bustion out  of  the  furnace,  and  keep  the  fuel  surrounded  with  an  excess  of  oxygen. 
Practically  the  quantity  of  air  requisite  for  this  purpose,  wiien  fuel  is  burnt  with  a 
chimney-draught,  amounts  to  about  twice  as  much  as  is  necessary  for  converting  the 
combui^bie  constituents  of  fuel  into  carbon  dioxide  and  water- vapour. 

In  this  way  the  product  of  combustion  throughout  which  the  heat  is  distributed  is 
doubled  in  quantity,  and  there  b  in  consequence  a  proportionate  reduction  in  the  tem- 
perature produced.  The  specific  heat  of  atmospheric  air  is  0-2377»  and  the  quantity 
requisite  for  raising  the  temperature  of  1 1*61  pounds  of  air  one  degree  will  therefors 
be  27596  -  11  -61  x  *2377 ;  and  this  quantity,  added  to  the  2-975  in  the  above  cal- 
colation,  gives  5'7346  heat-units  as  the  quantity  of  heat  requisite  for  raising  the  tem- 
perature of  the  total  mixed  gas  one  degree,  and  therefore  the  8000  heat-units  will 

8000 
produce  an  increase  of  temperature  of  only  1,394^8    ,  or  half  as  much  as  the  re- 

5*7346 

suit  previously  calculated,  because  the  quantity  of  gas  to  be  heated  is  twice  as  great. 

It  will  therefore  be  evident  that  the  admission  into  a  furnace  of  more  air  than  is 
actually  rti^uisite  will  bo  attended  with  proportionate  waste  of  heat ;  and  so  £ur  at 
least  as  the  production  of  a  high  temperature  is  ooncemeil,  it  is  always  desirable  to 
effect  combustion  with  the  smallest  possible  amount  of  air.  If  air  he  forced  into  a 
furnace  by  means  of  a  fan  or  other  kind  of  blowing  apparatus,  as  in  a  forge,  fdel  may 
be  burnt  rapidly  with  much  lees  air  than  when  combustion  is  supported  by  a  chimney- 
drauorht. 

The  amount  of  heat  evolved  in  the  combustion  of  hydrogen  is  much  g^reater  than 
that  evolved  in  the  combustion  of  carbon,  but  the  effect  produced  as  regards  increase 
of  temperature  is  not  much  greater  than  in  the  combustion  of  carbon,  for  hydrogen 
requires  for  combustion  three  times  as  much  oxygen  as  carbon  does,  and  ther^Kne  the 
mixed  gas  resulting  from  its  combustion  amounts  to  three  times  as  much  as  in  the 
ease  of  carbon.  In  the  formation  of  water  vapour  by  the  combustion  of  hydrogen, 
heat  is  rendered  latent  and  ineffective  for  increasing  the  temperature  of  the  gaseous 
product.  The  latent  heat  of  water,  or  the  quantity  of  heat  requisite  to  convert  the 
unit  of  weight  of  water  at  100®  into  steam,  is  537  times  as  much  as  is  requisite  to 
raise  the  temperature  of  an  e(^ual  weight  of  water  one  degree.  Therefore  the  quantity 
of  heat  that  becomes  latent  in  the  nine  parts  of  water  vapour  produced  in  the  com- 
bustion of  hydrogen  will  be  4833  heat-units  ^  9  x  537f  and  this  must  be  deducted 
from  the  total  heat  evolved  in  order  to  ascertain  the  quantity  available  for  produciitg 
increase  of  temperature.  Moreover,  the  specific  heat  of  water  vapour — ^the  product 
of  combustion — is  more  than  double  that  of  carbon  dioxide.  Consequently  the  heat 
evolved  in  the  combustion  of  hydrogen,  amounting  to  33,881  heat-units  for  the  unit  of 
weight,  is  not  only  distributed  through  a  greater  quantity  of  mixed  gas,  but  part  of  it 
becomes  latent  by  the  formation  of  water  vapour,  and  a  greater  proportion  of  the  re- 
mainder is  required  to  raise  the  temperature  of  the  gas. 

The  specific  heat  of  water  vapour  is  0*475  as  compared  with  that  of  water  in  the 
liquid  state,  and  the  quantity  of  heat  requisite  to  raise  the  temperature  of  the  mixed 
gas  resulting  from  the  combustion  of  hydrogen  will  be  as  follows  : — 

Weight 

J^^on  't.vS^*^      ^f      Heat-units 

ooDiDastion  bydrogen  heat 

burnt 

Water  vapour     .  .      9*  x  O'47o  =  4*2750) 

Nitrogen     ....     26*78  x  0*244  =  6*5340  [    =    19*076. 

Surplus  air  .    34*78  x  02377  =  8-2672  J 

Consequently  the  available  heat,  amounting  to  29,048  heat-units  «  38881  —  4838, 

OOfiAfl 

will  raise  the  temperature  of  the  mixed  gas  only  1,522^  =  .-;:— r^. 

^  19*076 

This  comparison  of  the  effects  produced  by  carbon  and  hydrogen  servos  to  illustrate 

the  influence  exercised  by  the  presence  of  water  vapour  in  the  products  of  combustion 

upon  the  efficacy  of  fuel,  so  far  as  regards  the  production  of  high  temperature.     When 

the  water  vapour  is  formed  either  from  water  actually  existing  in  materials  used  as 

fhel  or  from  hydrogen  and  oxygen  that  do  not  evolve  heat  by  their  combination,  as  ii 

the  case  when  wood  or  materials  of  similar  composition  are  burnt  as  fuel,  its  presence 
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iiened&Uy  disadT&ntageous,  since  its  inflaonce  in  reducing  the  temperature  of  com- 
Wion  is  not  compensated  for  by  the  large  amount  of  hoat  evolved  in  the  combustion 
d  hydrogen. 

It  is  for  this  reason  that  the  practice  of  cliarring  or  carbonisation  has  been  adopted 
vheneTei  materials  such  as  wood  have  to  be  use'd  as  fuel  for  producing  high  tem- 
poatores.  In  charring  anj  kind  of  fuel  the  whole  of  the  water  that  it  actually  contains 
issepMatod,  as  well  as  that  corresponding  to,  and  capable  of  being  prtxluced  by,  the 
oxjgen  in  the  material.  At  the  same  time  some  of  the  carbon  is  volatilised  partly  in 
the  state  of  carbonic  oxide  and  dioxide,  partly  also  in  the  state  of  hydrocarbon  com- 
pounda.  But  though  carbonisation  always  involves  absolute  loss  of  some  portion  of 
be^-prodncing  material,  and  though  in  the  case  of  wood  it  furnishes,  in  the  form  of 
eljarcJal,  little  more  than  one-half  of  the  carbon  existing  in  the  wood,  the  practice  is 
aduntageons  on  account  of  the  greater  efficacy  of  the  carbonaceous  product  obtained. 
'Hie  same  principle  holds  good  in  regard  to  other  materials  besides  wood,  though 
the  advantage  gained,  so  far  as  removal  of  water  is  concerned,  is  in  this  case  only 
proponiooate  to  the  amount  of  oxygen  in  the  materials.  There  arc,  however,  other 
fficts  piroduced  by  the  carbonisation  of  some  materials  which  are  equally,  if  not  more, 
tittcfieial  as  regards  their  applicability  as  fueL 

In  burning  certain  kinds  of  raw  coal  and  other  materials,  a  considerable  portion  of 
the  carbon  they  contain  is  volatilised  in  the  form  of  hydrocarbon  compounds.     Such 
OBterials  bum  with  flame,  and  for  some  purposes,  such  as  the  heating  of  steam  boilers, 
^chaiacter  is  to  a  certain  extent  advantageous.     But  when  the  amount  of  volati- 
lisahle  substance  is  largo,  it  gives  rise  to  such  copious  evolution  of  highly  carburetted 
gis  acd  rapour  that  complete  combustion  of  the  fuel  is  scarcely  possible.     In  many 
cases  vhere  fuel  has  to  be  burnt  rapidly,  as  in  steam-boiler  furnaces,  the  hot  carbona- 
ceous gases  are  swept  away  towards  the  chimney  before  ])eing  burnt,  and  as  their 
tsDpeiatiire  is  reduced  by  contact  with  the  boiler  flues,  the  unoxidiscd  carbon  they 
coBtain  is  deposited  in  the  form  of  soot  and  smoke.     The  tendency  to  the  production 
of  soot  and  smoke  in  this  way  is  proportionate  to  the  amount  of  volatilisablo  carbona- 
CMQS  substance  in  the  material  burnt,  and  to  the  amount  of  carl)on  in  the  vapour 
ptodoced.    Besides  the  waste  of  heating  power  resulting  from  the  production  of  soot 
aid  smoke,  there  are  manifold  other  inconveniences  attending  the  use  of  such  materials 
M  foel,  and  four  these  reasons  it  is  often  more  advantageous  to  carbonise  them  than  to 
Q»  them  in  the  raw  state.     Moreover,  caking  coal,  which  undergoes  a  kind  of  im- 
ptrfsct  fusion  when  heated,  and  becomes  pasty  while  decomposing,  is  on  this  account 
uunitahle  for  some  metallurgical  operations  until,  by  the  process  of  carbonisation,  it 
is  converted  into  h^rd  coke  that  will  bum  without  softening  or  volatilising,  and  be 
aora  capatde  of  supporting  the  superincumbent  weight  of  large  masses  of  heavy 


The  extent  to  which  volatilisation  of  carbonaceous  substance  takes  place  in  carbon- 
mag  different  materials  depends  very  much  upon  their  nature,  and  likewise  upon  the 
Bode  in  which  the  operation  is  conducted.  As  a  rule  the  amount  of  carbonaceous 
nndneoltoinable  from  any  given  material  is  greatest  when  the  carbonisation  is  con> 
dieted  slowly.  In  the  case  of  wood  the  difierenco  between  the  result  of  rapid  and 
dov  carbonisation  may  amount  to  as  much  as  9  or  10  percent,  of  the  wood  carbonised. 
Ib  carbonisiDg  coal  the  difference  is  not  so  great,  and  in  a  general  way  the  amount  of 
cntie  obtainable  depends  more  upon  the  particular  character  of  the  coal. 

In  the  for^foing  considerations  it  has  been  assumed  that  in  the  use  of  any  material 
at  fuel  the  whole  of  its  combustible  constituents  arc  completely  converted  into  carbonic 
*cid  and  water  vapour,  and  the  calculated  effects  express  the  highest  capabilities  of 
^1  as  compared  irith  pure  carbon  and  when  burnt  under  the  most  favourable  con- 
ditiooa. 


SULPHUR. 

SncBOL  S.    Atomic  Wkiout  32. 

Blstorj. — This  substAnce  has  been  known  from  the  earliest  times  under  the 
name  of  brimstone  (firom  Brenneatein,  the  burning  stone).  Its  elementary  nature  was 
not  recognised  until  the  time  of  LaToisier. 

Ooomrenoe. — Sulphur  is  found  abundantly  in  the  free  state,  and  in  chemical 
combination  with  other  substances  it  occurs  in  still  larger  quantities. 

In  the  free  state  sulphur  is  chiefly  found  in  volcanic  districts,  where,  amongst  other 
modes  of  formation,  it  is  often  produced  by  the  action  of  sulphurous  oxide  upon 
sulphuretted  hydrogen,  both  of  which  substances  occur  in  yolcanic  exhalations.  The 
decomposition  takes  place  according  to  the  equation : 

SO,  +  2H2S  =  2H,0  +  8S. 

Sulphur  is  also  eliminated  when  sulphuretted  hydrogen  gas  comes  into  contact  with 
water  vapour  and  a  small  quantity  of  air  at  a  high  temperature ;  it  is  also  set  free  by 
the  decomposition  of  the  higher  metallic  sulphides,  which  give  up  a  portion  of  their 
sulphur  when  heated.  The  sulphur  thus  given  oiT  in  the  state  of  vapour  con- 
denses in  the  form  of  a  moist  mud,  and  gives  rise  to  beds  of  sulphur,  such  as  those 
occurring  in  Sicily,  Poland,  etc.    Sulphur  is  also  produced  by  the  reduction  that  sul- 

E hates  (especially  gypsum)  undergo  in  contact  with  decaying  vegetable  remains.  The 
irgest  deposits  of  native  sulphur  occur  in  Sicily,  where  entire  beds  of  rock,  genenlly 
limestone  or  blue  day,  are  found  highly  impregnated  with  iti  Sulphur  is  also  found 
in  the  native  state  at  Urbino  Beggio  in  Italy,  in  Croatia,  near  Luneburgin  Poland,  on 
the  shores  of  the  Red  Sea,  and  in  smaller  quantities  in  many  other  places.  It  oocutb 
likewise,  in  the  volcanic  exhalations  of  Vesuvius  and  Etna,  also  in  Iceland,  in  the 
Lipari  Isles,  and  in  the  Solfatara  of  Naples  and  Tuscany. 

Sulphur  exists  in  various  states  of  chemical  combination  with  a  very  large  number 
of  metals :  iron  pyrites,  copper  pyrites,  galena,  and  blende  being  the  most  £requent 
among  the  compounds  of  sulphur  with  metals.  It  exists  also  in  Uie  form  of  sulphates, 
of  which  the  most  abundant  are  gypsum,  Epsom  salts,  heavy  spar,  and  ciopperas. 
Free  sulphuric  acid  has  been  detected  among  the  products  of  volcanic  activity. 
Mineral  water  frequently  contains  sulphur  as  sulphuretted  hydrogen  and  as  sulphides. 
Lastly,  sulphur  exists  very  extensively  in  the  organised  products  of  the  vegetable 
and  animal  kingdom,  being  found  in  the  ethereal  oils  of  mustard,  horse-iadish,  onions, 
etc. ;  also  in  albumen,  gluten,  and  casein,  as  well  as  in  hair  and  wool,  etc 

Cbaraoters. — At  the  ordinary  temperature  sulphur  is  solid,  and  of  a  pale  yellow 
colour.  At  a  temperature  of  50°  it  becomes  almost  colourless.  When  rubbed,  it 
emits  a  peculiar  odour ;  it  is  brittle,  a  bad  conductor  of  electricity  and  of  heat,  and  has 
a  specific  gravity  of  2  050. 

Sulphur  melts  at  114*5°,  exhibiting  very  peculiar  phenomena  when  heated  above 
that  temperature,  passing  gradually  from  the  condition  of  a  pale  yellow  liquid  into  a 
viscous  and  dark  coloured  state,  until  at  250°-260°  it  becomes  quite  thick  and  almost 
black.  Heated  still  further,  it  again  becomes  liquid,  beginning  to  boil  at  a  tempera- 
ture of  420°,  and  being  converted  into  a  reddish  brown  vapour,  the  specific  gravitr  of 
which  relatively  to  air  is  6  617  and  its  density  as  compared  with  hydrogen  06 :  it  is 
only  at  a  temperature  of  1000°  that  sulphur  vapour  acquires  its  normal  density  of  82 
as  compared  with  hydrogen. 

If  sulphur  heated  to  350°  or  400°  be  suddenly  cooled  by  pouring  it  in  a  thin  stream 
into  cold  water,  it  forms  a  soft  brownish  mass,  which  may  be  kneaded  like  dough,  and 
has  in  this  condition  a  specific  gravity  of  only  1  '957 ;  after  a  time  it  passes  again 
into  the  ordinary  pale  yellow  brittle  state.  When  a  mass  of  melted  sulphur  is  allowed 
to  cool,  it  crystallises  in  long  prismatic  needles,  which  after  a  time  are  converted 
into  octahedra,  the  ordinary  form  in  which  sulphur  crystallises.  When  melted  sulphur 
is  cooled  quickly,  it  forms  a  crystalline  mass  called  roll  sulphur.  When  sulphur 
vapour  is  rapidly  condensed  in  chambers  containing  cold  air,  it  forms  a  finely 
divided  yellow  crystalline  powder,  and  in  this  state  is  called  flowers  of  sulphurr 
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Milk  of  sulphur  consists  of  sulphur  in  an  extremely  fine  state  of  division,  as  it  is 
pRdpitated  from  a  solution  of  alkaline  sulphides  by  means  of  acids. 

Siilphur  is  insoluble  in  water,  and  sparingly  soluble  in  alcohol,  ether,  or  solution  of 
iounoma;  it  is  more  easily  dissolved  by  fat  oils  and  by  oil  of  turpentine.  The  best 
nlT^Dts  for  sulphur  are  carbon  disulphide,  chloride  of  sulphur,  and  ethyl  sulphide. 
Tbesolability  of  sulphur  in  various  solvents  is  shown  in  the  following  table : — 


lAA  -navtv 

DiasolYe  the  following  parts  by  wdght  of  snlphur 

igg  poTvB 

AtlOO«» 

Atl(?» 

Of  carbon  disulphide  . 

.,  light  coal  oil . 

„  brasol  . 

n  oil  of  turpentine 

t,  petroleam 

n  carbolic  acid 

„  ether     . 

N  absolute  alcohol 

73-46 

26-98 

1704 

16-16 

10-66 

6-47 

0-54 

0-42 

38-70 
1-61 
1-79 
1-30 
2-77 

0-66  (at  35**) 
018 
0-12 

Sulphur  bums  in  the  air  with  a  blue  flame.  The  product  of  combustion  is  sal- 
pbtroiu  oxide,  to  which  the  unpleasant  smell  of  burning  sulphur  is  due.  The  process 
H  one  of  simple  oxidation,  the  sulphur  combining  with  its  own  weight  of  oxygen  : 

S  +   20  «   SO, 
32        32  64 

By  eombastion,  sulphur  yields  2221  units  of  heat,  or  less  than  an  equal  quantity 
of  eharooal  or  coal.  It  is  oxidised  slowly  when  heated  with  nitric  acid,  and  more 
npidly  when  melted  with  nitrates. 

In  its  chemical  relations  sulphur  closely  resembles  oxygen,  and  many  of  the  com- 
pomds  of  sulphur  correspond  with  those  of  oxygen.  Sulphur,  like  oxygen,  is 
btralent.  It  combines  directly  with  hydrogen,  chlorine,  carbon,  and  some  other 
denentary  substances  under  the  influence  of  a  high  temperature.  Sulphur  is  also 
diiBQlTed  when  heated  with  solutions  of  basic  hydrates,  with  formation  of  sulphides. 

Solphor  combines  with  most  metals  in  several  proportions ;  but  combination  takes 
pliee  Qoly  at  a  high  temperature.  In  the  state  of  vapour  sulphur  combines  with 
Btay  mstals  with  considerable  evolution  of  heat  and  light. 

VrepMrntfton. — Sulphur  as  it  occurs  naturally  is  always  mixed  with  earthy 
Mtoial,  stones,  etc,  and  is  separated  from  them  by  melting.  Sulphur  is  also 
oliCaiBed  from  pyrites,  a  mineral  consisting  chiefly  of  iron  disulphide,  which  is  do- 
cnapowd  by  heat  with  separation  of  one-third  of  its  sulphur. 

SFeSa  =  FcjS,  +  2S. 

Salpbur  is  also  obtained  as  a  by-product  in  roasting  copper  ores,  and  a  considerable 
fipxatitj  is  extracted  from  the  '  soda  waste '  obtained  in  the  manufacture  of  soda,  as 
vtU  as  from  the  ferric  hydrate  used  for  purifying  coal  gas. 

ExTBAcnox  OP  Kattvb  Sulphur. — Native  sulphur  is  obtained  at  a  number  of 
piacei  in  Sicily ;  but  there  are  only  about  fifty  places  where  the  works  are  at  all  ex- 
teasiTe.  The  most  important  sources  are  situated  in  the  provinces  of  Caltanizetta, 
Oii^gesti,  Catania,  and  Palermo.  Bad  roads,  want  of  capital,  imperfect  methods  of 
extneting  and  working  the  ores,  have  so  far  prevented  the  utilisation  of  these  abun- 
^Mti  deporits  of  sulphur,  that  it  is  often  found  more  profitable  to  use  pyrites  as  a 
none  of  sulphur. 

The  sulphur  deposits  in  Sicily  are  worked  very  imperfectly.  Steam-power  is 
addon  employed  for  hauling  up  the  excavated  material,  which  is  in  most  cases 
euried  op  from  the  mines  in  baskets  by  boys.  The  depth  of  the  mines  is  inconsider- 
^;  geoenlly  about  60  feet,  and  seldom  as  much  as  100  feet. 

On  the  shores  of  the  Bed  Sea,  in  the  neighbourhood  of  Suez,  there  are  two  beds  or 
<^Msits  of  sulphur  of  comparatively  pure  quality,  viz.,  Djemah  and  Ranga.  At  the 
m-meotioDed  place,  a  large  mass  of  sulphur  rises  above  the  sand  in  the  form  of  a 
^  600  feet  in  height.  This  deposit  has  of  late  been  worked  by  blasting,  as  in  an 
on&ttry  stone  quarry.  The  salphur  found  at  Ranga  does  not  lie  so  near  the  surface 
tf  is  the  ease  at  I>jeiiiah ;  it  is,  however,  lighter  coloured  and  purer. 

txtndkm  of  raw  Su^hvr  m  KUn$  (oaloareUe). — ^Fig.  28  represents  a  kiln,  called 
cilearells^  vhieh  was  usivexBally  in  use  up  to  1851.  It  has  the  shape  of  an  ordinary 
lias  iifaiy  aod  k  ^bazged  in  the  mani^  mj,    Jjoigb  lumps  of  earthy  solphiv  ore  are 
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arch  U  ths  battimi  of  th«  kiln,  aud  tlw  ^ace  ■ 
iritli  paeet  contiDuallj  decrostng  in  Kue.  the  ti^  being  on 
vith  fin*  OK  dust,  and  lisllj  with  straw.  Bi 
theiUBV  iiKtoD  fire,  urtheEulpharisigniUdtx 
■Dd  a  poition  of  it  borna  in  either  cua;  but 
greater  part  is  melted  bj  the  bait,  and  trickl«a  d 
into  the  lower  pan  of  the  kiln,  flowing  out  trom 
opening  (g)  inio  a  Tgs^ul  {A)  beneath  in  whk 
■olidifies.  As  it  i«  nereasarj  that  a  part  of 
anlphnr  shonld  be  burnt,  in  order  to  heat  the  w 
mass,  the  kiln  is  fornished  with  lateral  open 
(///).  for  admitting  the  nectmaiy  aapply  of  aii 
Kilns  of  this  kind  hold  abont  4  tons  of  ■ 
they  jield  oolj  fiom  S  to  10  per  cent,  of  enl] 
from  ore  eonli  ■  -- 
of  the  sulphur 

This  method  of  refining  sulphnr  has  the  di 
inlagc  that  a  grmt  deal  of  sulphur  is  lost,  and  L 
Fin.  2S.  quantities  of  sulphuroos  add  ore  pnxlDced,  wliiet 

ret;  injorionsl;  vpoa  the  surrounding  regetatioD. 

Eilraetian  iti  Staclta  {caiearoni). — This  method  of  extracting  solphor  hai 
adranlsge  orar  that  just  described,  because  less  sulphurous  add  is  prodnced, 
consequently'  less  siilpnuT  is  lost.  The  sulphur  ore  is  built  up  in  atacka  on  a  altq 
hearth,  and  In  the  interior  of  the  hen [i  rerlical  spaces  are  left,  open  aboTS.  and  eapi 
of  being  eoTered  with  slabs  of  stone.  Bundles  of  haj,  which  OBTe  been  dippec 
malted  sulphor,  are  thrown  into  these  opcningB.  and  set  fire  to,  for  the  pnrpos 
firing  the  entire  heap.  Twetre  hours  after  the  iatroduction  of  the  burning  bone 
the  openings  are  clrued  with  the  stone  slabs,  and  the  whole  heap  or  stack  la  con 
with  B  laj'er  of  ctaj,  earth,  etc.  At  the  Invest  part  of  the  slapiog  hearth  of 
stack  there  is  a  tap-bole,  which  is  clospd  witli  a  day  plug,  so  that  all  the  ma 
Bulphur  flowing  down  from  the  sloping  honrth  collects  nt  that  point.  This  tap-l 
is  opened  at  iaterralB,  and  the  sulphur  run  off  into  suitable  nssels. 

Small  stacks  are  sometimes  made  coalaining  from  3600  to  fiOOO  cubic  feet,. 
larger  ones  measuring  30,000  to  35.000  cubic  feet  are  prnferable.  A  sta«k  of 
latter  nia  bums  abont  two  montha. 

B;  mean*  of  tL»  appiuataa  of  Emile  and  Pierre  Thomas,  figs.  19  and  SO, 
sulphuiore  is  rapidly  heated  to  130°  i  and  if  the  operation  be  repeated  ten  timi 

1  <i> 
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day,  as  much  ore  can  be  worked  up  in  a  comparatiTflly  small  space,  without  lew 
aulphnr  and  formation  of  snlphurou!!  acid,  as  in  n  calcarone  of  14,000  cubic  : 
capacity.  The  aheet-iron  ejlindor  (i),  about  3  feet  in  diameter,  containa  a  tn 
""y  ('■'■>■  "PO"  "hieh  n  truck  laden  with  on>  can  bo  pushed  over  the  verti 
cylinder  (nV  After  running  in  the  truck,  the  cylinder  (a)  is  hermetically  closed,  i 
steam,  hanng  a  tension  of  from  4  to  fi  ntmospherea.  is  pnesed  Ihrough  the  pipe  (i 
whence  it  escapes  in  fine  jeta,  through  a  number  of  small  hiles.  By  opening 
cock  (a),  the  air  contained  in  the  apparatus  at  the  beginning  of  the  opcratioD  is  dii 
out,  and  when  that  is  dosed  any  remaining  air,  together  with  the  steam,  is  alloi 
only  a  narrow  eiitby  thecock  (r).  In  case  a  stoppage  should  occorat  v,  the  diaeha 
can  take  place  at  f'.  The  temperature  in  the  interior  of  the  cylinder  risea  t)i|ddly 
ISO^  the  pressuFB  being  indicated  by  the  gauge  (s).  The  sulphur  melts  and  fli 
tbroiigli  Uie  peiforat«d  ndea  of  the  mck  into  the  conieal  leaden  vaasel  (d')  undcoie 
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(flg.  to).  Vitliiii  ftn  hour  and  &  half  lh«  operatioa  is  campleted,  and  the  steam  is 
tranifemd  (nm  tlie  fint  cfliader,  Lhrongh  tbe  ccx:k  t,  into  a  Bacond  crlindei',  from 
vhidi  it  expels  tlis  sir,  and  at  ths  lame  time  servcB  to  hoHt  it.  The  lecaiver  (d  d), 
ftinished  vith  wheels,  being  then  detached  and  let  dowD  upon  a  ttamvay,  plac«d  at 
no  great  distiuiee  benwlh,  is  toq  into  the  magazine,  whore  the  leaden  Cone  d'  is 
■mpdad  of  its  contents.  The  tracks,  containing  the  eihaDSUd  lendues,  are  then 
drawx  oat,  and  recharged  vith  fresh  ore. 

At  maDj  plana  vhere  the  sulphur  ore  is  rich,  tbe  sulphm'  is  simply  melted  in 
pana  (b,  flg.  81),  mads  of  cast  iron,  the  mass  being  heated  lo  120°  or  130°.    In  this 


csM,  a  tiM  of  tcmperatnre  to  2S0°  most  be  avoidod,  for  at  that  temperature  snlphur 
becomes  thick  and  viscoos.  After  the  impurities  hnvp  been  depoeiM,  the  mlphur  ia 
reuBited  bj  menna  of  the  ladle  (c),  and  poured  into  a  vessel  read;  at  hand,  made  of 
Tood  or  sheet  iron. 

The  earthj  reaidnea,  deposited  from  tho  molten  eutphur,  are  sometuna  worked  in 
another  mj  for  tbe  farther  eitncUon  of  eulphor. 

firfrocfiDx  by  DuiOlation. — Tbe  distilling  sppamtns  ndmite  of  tbe  working  of  an 
ore  conteiniog  only  abont  12  per  cent,  of  sulphur.  This  nppuratus  consists  of  Isi^ 
CTTKible*  (lA,  &g.  32),  of  which  from  12  to  16,  in  a  (IhuIjId  row,  aland  together  in  a 
fornace  in  encb  s  way  that  between  tho  two  rows  there  is  room  for  fuel.  Each  crucible  is 
charged  with  SO  pounds  of  ore,  and  the  month  of  tbe  crucible  is  closed  wilb  slabs  of 
Bre  clay,  smeared  with  loam.  A  delivery  pipe  conducts  tbe  sulphur  tapour  into  a 
aeeODd  oncible  or  reoeirer  (b).  where  it  condEnsos.  the  liqnid  sniphur  flowing  through 
the  opening  (c)  into  the  Teesel  (□)  beDOatb.  Twelve  crucibirs,  which  contain  together 
eOOponndsof  rawmaterinl,  require  for  fuel  about  UO  pounds  of  wood,  and  they  yield 
in  a  lingle  opermtion,  which  lasts  7  hours,  stout  192  pounds  of  sulphur. 

Althoogb  in  this  way  distilled  sulphur  is  obtained,  it  ia  neverqnite  pure,  since  the 
bwling  of  the  nlphnr  causes  impurities  to  be  carried  over  with  the  sulphur  vapour. 
Iliia  sort  of  raw  ■nlphor  contains  hma  3  to  10  per  cent,  i^  impurity. 

The  amonnt  of  impurity  in  sniphur  may  be  easily  estimated.  A  small  wcoghed 
pvtkin  ia  (nbmitted  to  distiUalJon,  and  tbe  weight  of  tbe  distilled  portion,  consisting 
ef  pore  •nlphnr,  or  that  of  the  residue,  is  ascertained,  or  both. 

Tie  production  of  law  sulphur  in  Sicily  is  very  In^,  in  spite  of  its  imperfections. 
Aecnding  to  Bann,  Sicily  einorts  annually  about  200,000  Ions  of  sulphur. 

n*  IBW  •nlpDnr  obtained  by  any  of  the  operations  described  above  is  genenllj 
fc  frin>  bong  pBfa.  •■  will  be  seen  by  the  following  analyses : — 
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Btfinmg.—The  object  of  ttflning  raw  aulphnr  is  the  removal  of  earthj  BnbitiuiGca 
mechaiiic&Ity  intermixed  witb  it.  u  veil  as  tbose  bodies  which,  like  Bulpbur  itself,  are 
voUtila.  The  aepuatitiD  of  these  latter  impuritiee,  liowoTar,  is  vctj  difficult,  and  i* 
DeTsr  complHel;  eSvcUd. 

These  rolatila  subnances  are  Beleuiuni  and  areenic,  the  latter  being  ia  many  caiei 
verj  injuiioDE.  A  farther  object  ia  reGaiag  sulphur  i«  to  ^tb  it  a  moritetable  form. 
The  most  eommoa  forms  in  whicb  sulphur  ocean  ommerciallj  are  roll  snlphor  and 
the  fine  sublimate  called  flowers  of  sulphur. 

For  the  porpoae  of  purifying  xulphur,  &□  apparatus  WB*  formsrij  emplojed  mmilar 
to  that  represented  lij  fig.  31  (see  p.  95).  Tbe  raw  salphor  was  simplj  re-mslled 
therun,  and  ladled  out  after  the  impuritiea  had  subsided.  According  to  an  implored 
method,  it  vus  distilled;  but  the  product  obtained  was  still  impure.  At  the  present 
time,  both  operations  of  re  melting  acd  distilbitioa  are  eombmed  and  conducted  in  a 
wngle  apparatus  Sj  this  means  the  sulphur  con  be  obtained  either  in  the  form  of 
roll  Bolphnr  or  as  flowers  of  snlpbar 

An  appantos  of  this  kind,  employed  in  the  neighboochood  of  Marseilles,  whence 
this  bmncb  of  indostiy  started,  is  represented  b;  flg   33     It  consiata  of  two  inni 


cylinders  (b)  about  6  feet  in  length,  and  Ij  feet  in  diameter,  which  can  be  closed  in 
front  by  moans  of  an  iron  plate  (n)  3  feet  in  length.  The  whole  apparatus  is  sat  in 
fire  brick.  Underneath  the  cylinder  (n)  is  a  fire-place  (i),  suitable  for  firing  eitha 
witb  conl,  wood,  or  turf.  The  flame  plnys  firet  under  the  cylinder  (b),  and  then.  I7 
means  of  the  flue  (c  c),  under  the  vessel  (d),  in  which  the  sulphur  is  melted.  This 
mettine  Tcssel,  3  feet  ia  diameter,  and  S  feet  in  height,  can  be  shut  by  menna  of  a 
lid,  and  communicates  witb  the  cylinder  (u)  by  means  of  a  cock  and  the  pipe  (r). 
The  cylinders  (a)  open  into  the  brick  chamber  (a)  through  connecting  pieces  (b"). 
By  means  of  a  slide  (1),  moved  by  the  rod  (i),  the  aperture  at  n'  can  be  opened  and 
shut  St  pleasure.  The  brick  chamber  is  about  23  feet  long,  16  feet  deep,  and  7  feet 
high,  having  a  taaaatf  of  about  3S00  cubic  feeL  At  one  end  is  a  door  (q),  mode  of 
■beet  iron,  coverfd  wiui  le»d,  opd  oiteniaUy  doaed  witb  light  brickwork  Bsrviiig  to 
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admit  a  woikmui  into  the  chamber.  At  the  lower  part  of  one  side  of  the  chamber  is 
&n  opemng,  dosed  bj  a  cast-iron  plate  (j),  having  in  it  a  hole  ^  inch  in  diameter.  A 
moreable  rod  (x)  fita  into  this  hole,  so  as  not  only  to  shut  it,  but  also  to  allow  of 
the  nse  of  the  aperture  being  regulated.  In  order  to  have  more  command  over  the 
moYement  of  the  rod,  there  is  a  screw  attached  to  it,  which  works  in  a  cross  piece, 
built  in  on  both  sides.  The  melted  sulphur,  flowing  through  the  opening  at  (j),  falls 
tnt  on  an  inclined  plate  of  cast  iron,  and  then  into  the  vessel  (l),  below  which  is  a 
fonace.  Near  this  furnace  is  a  revolving  tube  (m),  divided  by  partitions  into  six  or 
tight  parts,    n  is  a  stand  for  holding  the  sulphur  sticks. 

This  combined  process  of 'purifying  raw  sulphur  by  re-melting  and  distilling  has 
Bot  jet  been  introduced  in  manv  places ;  but  at  Kosenau,  in  Silesia,  the  raw  sidphur  is 
bested  in  iron  cauldrons,  and  the  vapour  given  off  is  condensed  in  clay  receivers. 

At  Alsattel,  in  Bohemia,  sulphur  is  distilled  from  iron  retorts,  and  collected  in 
nenrera  of  the  same  metal. 

Bdl  Sidpkur, — When  the  apparatus,  represented  by  flg.  33,  is  employed  for  the 
iMinAetnrs  of  roll  sulphur,  the  following  method  is  adopted.  For  the  first  operation, 
both  the  cylinders  (b)  are  charged  each  with  6  cwts.  of  raw  sulphur,  as  dry  and  free 
6qb  imparity  as  possible,  and  closed  by  means  of  the  luted  lid  (b').  The  two  retorts 
anitot  heated  at  onoe,  but  one  after  the  other ;  the  second  one  being  heated  when  the 
diltillation  in  the  first  is  half  completed.  The  hot  air  from  the  furnace  passes  through 
cc  to  the  cauldron  (d),  which  is  charged  with  about  }  of  a  ton  of  sulphur.  Here  the 
solphnr  is  melted,  and  undergoes  a  preparatory  purification,  the  water  evaporating, 
vbik  the  lighter  mechanical  impurities,  such  as  wood,  etc.,  float  on  the  surface,  and 
the  hea?ier  admixtures,  such  as  sand,  pyrites,  limestone,  etc.,  sink  to  the  bottom. 

As  soon  as  the  distillation  in  the  first  cylinder  is  completed,  melted  sulphur  from 
D  if  alloved  to  flow  through  a  pipe  (f)  into  the  retort  (b),  thus  charging  it  afresh.  By 
the  frnking  of  the  level  in  the  cauldron  (d),  the  workman  judges  when  enough  has  run 
QVt  for  a  charge.  The  cock  is  then  closed,  the  pipe  removed,  and  the  hole  in  the 
bd  fs'),  throng  which  it  passed,  is  closed  with  a  plug  of  burnt  earthenware. 

I)iiring  the  operation,  the  hot  expanded  air  escapes  through  a  safety-valve  made  of 
netal  plate,  kept  nearly  in  a  state  of  equilibrium  by  means  of  a  weight,  so  that  any 
picflBue  likely  to  damage  the  walls  is  prevented. 

Each  distillation  lasts  eight  hours,  and  every  alternate  four  hours  one  of  the 
cylindfin  is  charged.  In  this  way  1}  tons  of  raw  sulphur  are  distilled  from  the  six 
chaigBB  worked  in  twenty-four  hours.  By  this  continuous  distillation,  the  chamber 
9  kept  continually  at  a  temperature  higher  than  the  melting-point  of  sulphur  ;  so  that 
nlphur  condenses  there  in  the  liquid  form.  As  soon  as  the  level  of  melted  sulphur  in 
the  diunber  has  risen  to  the  height  of  twelve  or  eighteen  centimetres,  the  cock  (k)  is 
opened,  and  the  sulphur  is  allowed  to  flow  into  the  vessel  (l),  which  has  been  previously 
^i^tifd ;  while  a  workman  ladles  it  continually  into  the  moulds  (p  f'),  made  of  boxwood 
(^lieh  are  Bh6wn  on  a  magnified  scale  in  fig.  33). 

In  order  that  the  work  of  casting  may  be  continued  without  interruption,  a  child 
tBkee  the  filled  and  cooled  moulds  from  the  tub  (m  and  m',  fig.  33),  empties  them, 
■Bd  bandi  them  to  the  caster,  who  fills  them  again,  and  places  them  in  the  partitions 
c^iBtaining  water.  In  this  manner  one  division  after  the  other  is  filled,  and  during 
^  time  required  for  cooling  down  others  are  filled  in  the  same  maimer. 

In  Older  to  remove  the  sticks  of  sulphur  from  the  moulds,  the  somewhat  conical 
ph^  at  the  bottom  of  the  mould  is  pushed  upwards,  whereupon  the  sulphur  sticks, 
vbidi  have  undergone  some  contraction  in  cooling,  easily  fall  out  upon  inverting  the 
■twld.    Th^  are  piled  upon  the  stand  (k),  and  are  there  thoroughly  CDoled  down. 

Ute  Biil|mar,  when  freshly  cast,  is  semi-transparent,  of  a  colour  varying  from 
7>Uov  to  orange,  but  it  gradually  becomes  opaque  and  assumes  the  ordinary  light 
jtOow  eolour. 

Boll  sulphur  is  generally  exported  in  casks  of  soft  wood,  lined  with  white  paper. 

Fkwen  of  Sulphur. — When  the  vapour  of  sulphur  is  rapidly  cooled  down  to  a 
^poitnre  below  the  melting-point  of  sulphur,  it  condenses  in  the  form  of  a  powder, 
flOBnitiag  of  small  microscopical  crystals  called  flowers  of  sulphur. 

In  pr^Miing  flowers  of  sulphur  the  apparatus  employed  is  the  same  as  that  used 
in  the  production  of  roll  sulphur  (fig.  33).  The  temperature  of  the  chamber, 
bowsrer,  must  not  rise  higher  tnan  111°,  so  as  to  avoid  the  melting  of  the  sulphur. 
In  Older  to  acoomplish  this,  only  two  distillations  are  carried  out  within  twenty-four 
koon,  and  the  charge  for  each  distillation  is  only  3  cwts.  of  raw  sulphur.  With 
■neb  slow  distillation  the  temperature  of  the  chamber  never  reaches  the  melting  point 
of  lolphiir,  and  the  flowers  of  sulphur  retain  their  form. 

As  soon  Sfl  the  layer  of  condensed  flowers  of  sulphur  has  attained  a  height  of  20  or 
24  ineheMi  the  door  is  opened  and  the  sulphur  raked  out. 
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SULPHUB. 


I   packed  pither  in  nuiki  lioed  with  pspir  or  ia 
alvaya  hare  a  sligbtlj  higber  price  Uum 


Tha  drj  flo»eni  of  (ulpliar 
au^  of  stoat  iinen. 

It  if  evident  that  flowcn  of  sulphur 
roll  Buljihur,  e«eing  Ihnt  the  preparation  rcquirei 

Tha  fine  division  of  flowerBof  Halphnr^ngmenlstheinfliLaiiiuibilltj  of  the  matarial, 
andrenilen  it  morr  auit&lile  formiiing  than  rot)  sulphur.  But  it  ia  1«apnr«  thjin  roll 
Bolphnr,  rontaioiDg  more  moisture,  together  frith  n  amall  quantily  of  sulphuric  am] 
mlpborous  acids,  and  eren  tntces  of  hydnicHrboiii>.  Klnven  of  aulphur  may,  hoTercr, 
be  easily  porified  by  vashicg  with  icalor,  and  lirying. 

On  account  of  itH  greater  purity,  roll  sulphur  is  preferred  btsd  in  the  manafBctnn 
of  gunpowder,  for  which  purpose  it  has  first  of  all  lo  be  powdered. 

The  use  of  flowen  of  aulphur  aa  a  remedy  for  the  disraaeof  ihe  line  has  conaidenblT 
inereaaed  of  late,  and  it  boa  cauaed  ciperimeula  to  bo  made  with  the  object  of  BToid- 
ing  loaa  and  other  disadranlages  ia  the  preparatioD.  Favonnible  molts  were 
otnained  by  enbugiug  Che  aurface  of  the  difitillingappamtos,  and  the  cnbic  contents  of 
the  condeusing  chambers. 

rbc  improTed  apparatus  of  Uujardin  and  Bailly  is  represented  by  figs.  34  and  35. 
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Thecnsl-iroa  diBtillBtoiy  Tcsiiel  (k)  is  considerably  expanded  in  the  middle^  and  it 
ends  in  two  eonlmcted  nerks,  bent  npwKtds.  one  of  them  being  generally  ctoaed  wiUi 
a  lid  (»),  while  the  other  conducla  the  sulphur  vapour  into  the  chnmlicr. 

The  arrangement  cf  the  fire-plare  (i  i)  prot^cti>  the  distilling  Teasel  from  direct  een- 
tsct  with  the  flame,  and  from  becoming  too  strongly  heated.  The  gases  ofcombustJan 
piny  flrat  round  Iho  distilling Tessel  (k),  nnd  pass  through  aflue  {))  under  the  cnuldroa 
(a)  in  which  the  raw  sulphur  is  melted,  or  into  <bc  chimney,  according  to  the  poaition 
of  the  damper  (a),  and  the  heavy  mechnniail  admixtures  are  deposilnl  in  the  annular 
^tlera  at  c.  The  toIvb  (h)  being  opened,  the  melted  sulphur  flows  through  a  pipe  (i)  ■ 
into  the  distilling  reasol,  and  the  churgiui^  of  the  distilling  vessel  is  cfTectcd  without 
the  use  of  the  movable  pipe  nectssmy  in  the  nppnrnlus  prHviouglr  described. 

The  slide  (f  s")  BerTe<i  t»  interrupt  the  communication  of  the  distitiing  veaael  with 
the  chamlwr,  so  that  Ihelnltertnaybecnteredforlhe  purpoMi  of  rcmori  ng  its  conleata. 
This  chamlier  differs  only  in  sim  from  tliat  of  the  older  system  ;  it  is  40  feet  long, 
33  feet  wide,  and  16  fret  high,  thus  having  a  enpacity  of  more  than  20.000  cnbic  fM. 

llie  distilling  vessel  (e)  hns  soctionidly  (flg.  34)  a  height  of  Sl^  inehw  and  a 
breadth  of  32j  inches.  Its  length  ia  6  feel  4  inches.  Accordingly,  this  diatilling 
vessel  is  much  larger  than  the  old  one,  and  can  rcreiro  nl  each  charge  |  of  a  ton  of 
anlphnr.  With  this  apparatus,  the  rate  of  priduotion  is  donbled,  and  the  «ott  of 
working  is  lens  than  vntJi  the  old  one. 

A  considerable  improvement  of  this  appntstus  consists  in  giving  Uie  distilling 
vessel  an  elliptical  shsne,  and  eondocting  the  hot  air  from  the  mruacc^  firat  over  the 
Qppec  part  at  the  distilling  vessel,  which  must  be  surrannded  with  fire  clay,  and  then 
under  it  into  the  flue,  either  directly  or  after  passing  nndcmeath  a  cnnldron  for  melt- 
ing sulphur. 

Figs.  36  and  37  represent  two  vertical  sections,  and  fig.  38  n  horiiontat  ssctioa 
of  the  apparatus,  nn  ,  roasting  nnd  Greroom;  c"  c,  flue  Uirough  which  the  hot  air 
passes,  either  direct  into  the  chimney,  or  is  condnct(«l  undcrocntb  n  cnnldron  (b)  ;  i  is 
the  distilling  vessel,  having  a  diameter  of  5^  feel  nnd  a  depth  of  18  inches.  Tbe 
mouth,  6  in.  wide  and  11  in.  deep,  is  closed  with  a  lid  by  ma-ins  of  a  cross  bar.  Ths 
pipe  of  the  distilling  aptnratus,  which  leads  into  the  chambiT,  is  2  j  feet  in  width  and 
17  in.  deep.  The  pips  (h),  through  whicli  the  melted  sulphur  flows  into  the  distilling 
vpjBel.haaB}  in.  diameter;  the  ellipticnlly-slmpod  preparatory  heating  cnnldron  (b)  has 
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<1  id  viilett  fait  a  di&meter  of  H  teel ;  and  at  iU  nanoveBt  a  diamster  of  2S  in. 


i4dgmlii>t31feel 
If  a  ehiaber  of  1 


Fia.  36. 

(Ulxdiiigad  with  12  cwl».  of  iswanlphnr  every  twenty-four  honre,  it  is  poMible 

■oiocknpl]  tanaia  thisBpace  of  time.   If,  however,  aohambBr  of  the  as — '■- 

k  wkftsd  for  the  production  of  flowen  of 
■slpfanr,  nearly  2}  tons  of  maoafiicturcd  pro- 
^  will  ba  oMained  io  twontj-foar  honra. 

C«oiidahDg  the  causes  which  hnve  led  lo 
Ihg  firimu  changes  in  thv  refiaiiig  appamtus 
in  IK  nnee  1825  (the  date  of  the  introduction 
of  tlu  pne«8  of  diBtillntioti  by  Michel  in 
XuNilla),  it  ie  obrious  that  all  impraTemeats 
VBfdat  dimiaishiog  the  dtpth  of  tlie  distilling 
i^kI.  incnanng  the  mrfaee  of  the  liquid  sul 
plnirf  ind  mising  the  tBrnperature  of  the  upper 
put  of  the  distilling  vessel.  Deep  bailers  were 
tl»apd  fm  eylintkra.  the  latter  for  slightly 
nmA  retoita ;  and  Snail;  an  sUiptJcal  dia 
tiUiag  apfuatns  has  been  employed.  These 
•Ilmtiooi  an  closely  a>Dnect«d  with  the  cir-  ""-  "o- 

nwtuce  that  the  laUnt  heat  of  anlphnr  vapour  is  so  ioconsiderable  that  ia  the  oldsr 
ton  of  aptniatua  a  largn  portion  of  the  sulphur  vapour  whs  coodensed  apon  tha 
"l&ei  of  tbe  boiliog  mlphnr,  and  Mling  back  into  it  had  to  be  evapuratod  agaiu. 
b  tllii  ny  then  was  much  loss  of  time  and  fuel,  which  has  been  avoided  as  hr  as 
paaiUa  in  tlie  uawer  oonatnictions. 

brucmin  fbou  Pibitbb.— Tbe  extraction  of  sulphur  finm  iron  pvritea  is  advan- 
■tpoBi  oslj  is  districts  when  wages  are  low,  and  fiiel  and  ore  are  both  cheap  and 
^tadasL  The  proeeas  ms  miginally  introduced  into  Franca  by  Dartigiua,  at  the 
tias  of  the  FrsDch  Revolution,  when  FMnce  was  no  longer  able  to  obtain  sulphur  &om 

As  eonpontioD  of  iroo  pytitea  i«  represaated  b;  the  formtita  FeS^  and  it  contains 
iMt  par  cent,  of  snipbui,  ot  which  about  one-half,  or  2S'SG  per  cent.,  is  capable  of 
^tim  drirea  off  by  strongly  hsatjng  the  ore.  In  order,  however,  to  get  as  much 
nhGir  M  tbi*  from  iron  pyrites,  it  WDnld  be  necessary  to  heat  it  to  a  temperature 
iiip  toou^  to  malt  the  residue,  and  that  would  soon  destroy  the  fire-day  cylinders. 
Im  iron  pyrites  is,  therefore,  only  heated  enough  to  drive  off  ttola  it  13  or  16  per 
ML  of  nilphur,  and  then  the  nsidoe,  not  being  fused,  can  be  more  easily  removed 
hn  the  retort. 

He  operation  is  conducted  in  furnaces,  in  which  conical  retorts  of  Ore  clay  are 
pUcid  in  an  incliosd  position  in  rows  over  each  other.  The  narrow  ends  of  the 
ntvts  pngect  outside  the  furnace,  and  communicate  with  a  pipe  extending  along  the 
Aoet;  the  opposite  ends  also  projecting  a  little  beyond  thp  furnace  on  the  other  side 
■*>'  for  charging  the  retorts  wiUi  pyrites,  and  can  be  closed  wilji  lids.  Upon  heat- 
't  tht  ivtnta,  the  aolphur  condenses  in  the  anterior  part,  and  flows  into  the  common 
fi»1iiiii|i  At  one  time,  iaatead  of  a  common  condenser,  and  in  some  places  it  is 
•ne  DOW  the  ease,  the  mouth  of  each  relart  was  connected  with  a  Tsaiel  filled  with 
*nriBl0wliieb  tlie  culphor  dropped.    Each  retort  is  charged  with  )  cwt.  of  pyrites. 
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In  some  ports  of  Frapee  salphar  is  extracted  from  iron  pyrites  in  shaft  furnaces 
which  resemble  lime  kilns. 

According  to  Mene,  a  oontinuoxis  working  kiln,  whidi  is  in  use  in  Sweden,  deserves 
especial  notice.  The  pjrrites  is  placed  in  a  kiln  somewhat  like  that  used  in  burning 
limo,  but  terminaUng  above  in  a  flue,  at  first  inclined,  and  finally  horizontal,  where 
the  sulphur  is  condensed.  The  kiln  chaiged  with  pyrites  is  set  fire  to  with  wood 
and  turf,  the  further  beating  taking  place  at  the  cost  of  the  burning  pyrites  itself. 
In  proportion  as  the  txhausted  pyrites  is  removed  from  a  side  opening  below,  fresh 
pyrites  is  thrown  in  from  above.  By  means  of  thib  kiln,  according  to  Mine,  one  half 
of  the  sulphur  contained  in  iron  pyrites  is  extracted,  while  only  about  one  third  is  ex- 
tracted when  fire-clay  retorts  are  employed. 

It  may  here  be  mentioned  that  it  has  often  of  late  been  attempted,  and  with 
partial  success,  to  obtain  sulphur  from  iron  pyrites  indirectly.  For  this  purpose  the 
iron  pyrites  is  burnt,  and  the  sulphurous  acid  thus  fbrmed  is  either  made  to  pass  over 
red-hot  charcoal,  or  coke,  or  it  u  in  some  cases  reduced  by  means  of  sulphuretted 
hydrogen.  In  all  cases  the  residue  obtained  in  distilling  sulphur  from  pyrites  can 
be  converted  by  oxidation  into  ferrous  sulphate  and  worked  up  for  green  vitriol  either 
directly  or  after  a  supplementary  roasting. 

In  Sweden,  and  in  the  Harz,  sulphur  is  obtained  as  a  by-product  in  roasting  copper 
pyrites,  or  ores  containing  galena. 

SuLPHUB  FROM  SoDA  Wastk. — ^Aftor  attempts  had  been  made  for  a  long  time  to 
utilise  soda  waste,  which  contains  a  considerable  amount  of  sulphur,  and  obtain  the 
sulphur  from  it,  success  was  at  last  achieved  in  1863  by  Mond,  and  shortly  after  him 
by  Schafiher,  both  of  whom  devised  methods  which  have  been  employed  of  late  on  a 
laige  scale  (vide  *  Soda  Manufacture '). 

Schaffners  Process.  Soda  waste  contains  a  compound  of  calcium  sulphide  with 
lime,  from  which  polysulphurots  of  lime  and  hyposulphite  of  lime  are  formed  when 
such  waste  is  permitted  to  lie  in  heaps  in  the  air  for  a  long  time.  When  the  maaa 
is  lixiviated  with  water,  these  lime  salts  are  dissolved.  The  liquor  thus  obtained  is 
heated  and  decomposed  with  hydrochloric  add,  which  precipitates  part  of  the  sulphur, 
while  another  part  escapee  in  the  form  of  sulphurous  acid.  In  order  not  to  lose  the 
sulphurous  acid,  it  is  ptissed  into  a  second  vessel  containing  fresh  liquor,  and  re-acting 
upon  the  polysulphurets,  the  sulphur  of  both  compounds  is  precipitated  at  the  same 
time.  The  precipitated  sulphur  is  washed,  and  melted  under  pressure  in  iron  boilers 
with  water  and  a  little  caustic  lime,  by  means  of  steam,  and  is  then  cast  into  moulds. 
The  sulphur,  obtained  by  this  process,  has  the  same  degree  of  purity  as  roll  sulphur. 
This  method  of  recovering  sulphur  from  alkali-makers'  waste  is  chiefly  adopted  in 
Germany;  in  this  country,  as  well  as  in  France,  the  process  of  Mond  has  been  intro- 
duced into  most  laige  manufactories.  This  process  also  depends  upon  the  partial 
oxidation  and  precipitation  of  the  sulphur  with  hydrocliloric  acid.  It  differs,  how- 
ever, from  the  method  proposed  by  Schafiher  in  practical  details. 

Besides  these  methods,  there  are  a  number  of  others,  according  to  which  the 
sulphur  of  soda  waste  is  first  of  all  converted  in  part  or  entirely  into  cither  sulphurous 
ncid  or  into  sulphuretted  hydrogen,  and  is  precipitated  from  these  compounds  in  the 
iree  condition. 

Sulphur  has  been  obtained  of  late  from  the  by-products  of  the  purification  of  coal- 
gas  by  means  of  ferric  hydrate ;  also  from  sodium  sulphide ;  and  finally  from  the 
gases  containing  sulphurous  acid  produced  in  roasting  blende. 

Vses. — Baw  sulphur  is  employed  in  the  manufacture  of  sulphuric  and  sulphurous 
acids  and  of  sulphuretted  hydrogen  ;  and,  generally  speaking,  nearly  all  the  artificial 
compounds  of  sulphur  are  either  directly  or  indirectly  obtained  from  raw  sulphur. 

Kefined  sulphur  is  used  in  the  preparation  of  lucifer  matches ;  on  a  large  scale  in 
the  manufacture  of  gunpowder  and  blaisting  powder,  and  in  pyrotechnics.  The  use  of 
sulphur  for  the  above  purpose  is  owing  to  its  property  of  igniting  at  a  temperature  of 
250*». 

Owing  to  the  fusibility  of  sulphur,  and  its  readily  assuming  the  liquid  state  at  a 
temperature  between  111^  and  140^,  sulphur  is  especially  adapted  for  taking  ^sts  of 
medals,  etc.  As  it  easily  combines  with  metals,  it  is  employed  in  the  prepAratien  of  a 
number  of  metallic  sulphides,  such  as  those  of  mercury  (artificial  cinnabar),  copper, 
iron,  etc.  It  serves  further  in  the  preparation  of  various  lutes.  An  iron  cement, 
which,  owing  to  the  formation  of  basic  ferric  sulphate,  hardens  in  contact  with  the 
air,  is  obtained  by  mixing  100  parts  by  weight  of  iron  filings  with  3,  5,  10,  or  20 
parts  by  weight  of  flowers  of  sulphur,  and  from  3  to  5  parts  bv  weight  of  sal-ammoniac, 
and  kneading  the  mixture  with  water.  This  cement  is  used  chiefly  for  filling  in  be- 
tween the  jointa  of  steam  boilers,  for  cementing  together  iron  pipes,  etc. 

"When  caoutchouc  is  treated  with  sulphur  in  a  rtate  of  solution,  it  absorbs  from 
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DIM  to  two  pe;  Mat.  yielding  TulcaniBed  India-mbber,  n  T4ry  eluUc  muc,  which  mtaini 
iu  eluticity  at  s  low  Umpantnre,  and  does  not  atirJc  lik*  pure  caoatehimc._  Tbis  kind 
of  nontchooc  has  recentl;  been  eitensiTely  employed  ;  and  the  branch  of  indiuir;  to 
which  it  hu  given  rise  will  be  detailed  in  a  later  (diaptoi*. 

Ooai«e  linen  dipped  in  melted  sulphur  becomes  coat^  with  it.  In  this  wsj  ore 
pnpand  the  anlpbniatcd  or  quick  matches,  used  for  bncniag  in  the  inside  of  moist 
cuki  ud  Tats,  so  aa  to  pmduce  salphurons  acid,  which  aervea  for  j>reveiitiQg  too 
Tiolenl  feriDentatioii.  or  the  decomposition  of  ennily  de<!ompoB.ible  liquids.  Thus,  for 
instance,  casks  intended  for  tjie  reception  of  wine  or  beer  are  '  sulphured'  before  theee 
liquids  are  put  into  them.  In  the  same  way  blood  mar  be  preserred.  and  many 
bculsd  legnmiuovs  pl^utd.  Sulphuring  with  burning  sulphiu  eervea  also  to  destroy 
noiiona  insects  in  feslhcis  or  com  ;  to  remoTe  (Hit  stains  from  linea  ;  and  on  a  larga 
Kale  for  bleaching  silk.  waol.  gnt  strings,  straw  hats,  istn^lals.  sponge,  ot<;.  Bleaching 
with  the  gas  of  burning  sulphur  or  sulphurous  acid  is  conducted  in  wBll-closed 
niDDd  chamben.  »boat  1 6  feet  high,  and  with  a  capacity  of  nbout  3600  cubic  feet; 
they  are  entirely  filled  with  the  articles  that  are  to  nodei^  the  bleaching  operation. 
Thcae  utielea,  prerioosl^  washed  with  soda  and  snip  and  water,  and  pressed,  are 
then  in  a  still  moist  condition  Lung  out  in  rowsnpon  woodon  MipporU  in  the  bleaching 
chamber,  in  anch  a  manner  ihai  a  space  of  about  )  an  iach  is  left  between  each  row. 
Snlchnr  sufficient  to  yield  the  sulphurous  acid  required  is  then  burnt  in  all  four  comers 
of  the  chamber. 

Chimnej  fiits  can  be  eitiDguished  by  means  of  sulphnr.  Sulphur  is  thrown  upon 
the  fire  and  the  draught  cut  off,  and  thus  the  chimney  gats  filled  with  gaseous  sulphu- 
rous acid  which  eiUnguishee  the  fire.  Powders  for  oitJnguiahing  fire  also  contain 
■nlpfanr,  which,  owing  to  the  fbrmation  of  aulphuFaua  acid,  suffocates  the  flame. 

According  to  Heeten,  Bocher's  powder  for  eitingaiahing  fire  has  the  following 
percentage  composition : 

Nitre S6 

Sulphur 80 

Cbaieosl 4 

A  •olntioD  of  sulphur  in  linseed  oil  is  used  for  impregnating  gypnim  casts,  Uuild- 

The  use  of  flowers  of  sulphur  as  n  remedy  for  the  disease  of  the  Tine,  produced  by 
I  poculiiu'  fungus,  the  Oidtam  Tuciiri,  or  Ereaipha,  which  is  eepeciaLy  prevalent  in  the 
south  of  France,  has  caused  a  considerable  increase  in  the  consumption  of  this  article. 
The  fungus  is  deslruyed  by  dusting  the  vines  with  flowers  of  sulphur,  which  operation 
is  performed,  1,  before  the  flowering,  2,  during  the  floweiing  period,  and  3,  when  (he 
frrul  begins  to  form.  In  hot-houses,  the  same  effect  may  be  produced  by  strewing 
tile  heating  pipes  with  flowers  of  aulphur. 

Flowers  of  snlpLur  have  been  found  to  act  equally  efficiently  b  the  analogous 
diacMM  of  the  peach  tree,  the  rose  tree,  and  the  hop,  which  are  caused  by  similar 
Aug). 

In  order  to  distribute  the  sulphur  equally  over  all  the  infected  parte  of  the  plants, 
varion*  forms  of  apparatus  have  been  employed.  One  of  them,  which  was  in  general 
US  up  to  18M,  introduced  by  a  gardener  of  the  name  of  Goutier,  had  the  focm  of  a 


Fio.  39. 

bellows.  Since  then,  Ouin  nad  Frank  have  intmduced  an  apparatus,  simple  in  its  con- 
struction, and  cheaper,  the  so-called  MIt  a  houppe  {taitcl  box),  which  is  represented  by 
^39,  M,41  and  42.  It  cansixts  of  a  conical  tubeof  tin  plate,  which,  as  fig.  4Z  shows, 
is  SUnl  to  (Kie-half  with  Bowers  of  sulphur,  or  about  one  pound.  The  upper  portion, 
•hidi  fenDS  the  characteristic  feature  of  the  apparatus,  consists  of  a  movable  lid. 
The  Ed  is  famished  with  Are  rows  of  woollen  wick  fastened  in  concentrical  rings  of 
Mtal  plate  by  meaoi  of  fine  wire,  and  between  the  row»  of  wick  are  conceutiictd 
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-  -nul.)  than  is 
•  in  the 
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umber 

igous  to 

.  sulphur 

k;   or  STll- 

ii:iMc  oxides, 

;  ive  hydrogoD 

-  r  series  of  ana- 
The  composition 

HAO. 

icid        HAO4 

.  acid        HAO, 

iiiiu  proportions  of  sulphur 

.it'll  nre  gonoRilly  insoluble  in 

■.r  of  thorn  melt  more  roadily 

.1  others  entirely  decomposed  by 

-  as  they  occur  naturally  aru  oft<n 

■  tf  them  have  a  metallic  luNtre. 

.  cdmbining  together  and  forming 

.i-i' analogous  to  ozy-SJiltK  ;  tho  sul- 

I'f  acid  sulphides,  and  those  of  the 

3.    '  ^;i:  tsulphides.    Thus  potajthium  sulph- 

i\,.\sOj. 

..Ik-d  sulphuretted  hydrogen,  corresponds 

•ulphides,  which  are  called  sulphydmtCK, 

t'l.ir  instance,  potassium  sulphydrato  KH8, 


«5f 


r  SI 


■^-nr  naturally  as  minerals,  and  are  of  great 

-  iireos  from  Which  sevcnil  metals  are  obtained. 

iiti^  to  carbon  dioxide  CO....  combines  with  basic 

o-e.'ir  bo  nates,  which  correspond  to  carbonates 

.11  : — 

'  "iiato  CaCO, 

{•l)o-carbonate  CaCS, 

i!ii]s  with  phosphorus,  iodine,  bmininc,  and  chlorine, 
■'^unds  that  is  used  for  industrial  purposes  is  tho 
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!  -V.  commonly  called  sulphurou  s  ucid,  was  long  known 
■  wiiioh  sulphur  is  converted  when  it  is  burnt :  but  its  eoni- 
A  until  the  latter  part  of  the  last  couiury. 

ii-uuH  oxide  does  not  frequently  occur  naturally ;  it  is  present 
'if  volcanic  districts,  and  more  raircly  in  the  water  of  tsonie 


omnmgB,  u  sbomi  by  flg.  40.  Inside  the  tabe,  at  about  Unee-fonrths  of  ita  lengdi, 
llieta  U  a  crow  of  &ae  bands  of  tin-plate  which  lerrea  to  looaen  an;  nlpbor  that  ma* 
have  got  coDglomemted  toggthar. 


eTBT,  suffice,  were  it  not  that  a  part  of  it  eTaporat«E  under  the  influence  of  the  sun'a 
rajn,  the  ToIaCilised  poFtiou  settling  on  other  parte  of  the  plant.  If  a  rtill  giwiler 
diitribation  of  anlpbnr  be  lequired,  viclci  of  hone-bur  are  employed  in  the  place  of 
die  woollen  onea.  When  the  tanel  box  is  used  for  duitiug  ths  tops  of  tall  vines  or 
tieee.  it  is  furniehed  with  a  long  handle  (fig.  39). 

Od  account  of  the  high  price  of  flowers  of  Bulphur,  it  han  been  attempted  to  make 
use  of  powdered  eolphur,  but  it  is  not  at  present  certain  whether  this  haa  the  sams 
effect.  According  to  Pay  en,  good  raanlta  have  been  obtained  with  Bowers  of  sulphur ; 
while,  on  the  other  band,  vine-dreeaen  often  give  powdered  sulphur  the  prefraeoce. 
probably,  however,  on  account  of  ite  being  cheaper. 

Owing  to  BowerB  of  anlphnr  being  dearer  than  powdered  sulphur,  they  are  often 
adoltemted  with  tbe  Utter,  which  can,  however,  be  easil;  det«i!ted  by  means  of  the 
microscope.  When  examined  under  the  microscope,  flowers  of  eulphur,  when  uu- 
adulterated,  are  found  to  conaiat  of  small  cryetala,  or  groups  of  crystals;  whereas, 
when  they  contaio  powdered  sulphur,  l^is  ia  tecogaieed  by  ita  irregul^  aogulsc  BttuC' 
tore.  Another  way  of  detecting  this  adulteratjon  is  the  following.  Five  pams  «f 
the  •olphnr  to  be  tested  ace  placed  together  with  3fi  cc  of  ether  in  a  cylindrical  ^iM 


jar  of  36  cs.  capacity,  gradnated  into  100  equal  parta,  and  shaken  together,  and  (hen 
•Uomd  to  atand  qniet  for  «one  time^    If  Uie  flowers  of  sulphur  ore  pan,  ths  at^ 
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ment  which  is  formed  after  staDding  occupies  a  greater  Tolume  (50-60  grad.)  than  is 
the  case  when  powdered  sulphur  alone  is  treated  in  like  manner ;  the  sediment  in  the 
latter  cane  occupying  a  Tolume  of  about  24-40  grad. 

Sulphur  may  be  spared  and  labour  reduced  by  using  a  bellows  without  valyo,  as 
constructed  by  Lavergnc,  represented  by  flg.  43.  Finely-divided  sulphur  is  intro- 
duceil  at  c,  gets  agitated  by  the  inflowing  air,  and  is  thrown  out  again  at  a  each 
time  the  bellows  is  pressed,  forming  a  cloud  of  sulphur  dust. 

By  means  of  this  appanitus,  a  labourer  is  able  to  distribute  22  lbs.  of  sulphur  in 
7  hours,  fire  times  this  quantity  sufficing  for  2  acres  of  land.  As  has  already  been 
mentioned,  the  dusting  is  performed  three  times,  shortly  before,  during,  and  shortly 
ailer  the  flowering  period. 

The  wine  must  produced  from  vines  that  have  be^u  sulphured  always  gives  an  indi- 
cation of  sulphuretted  hydrogen.  The  sulphi  retted  hydrogen,  however,  disappears 
during  the  fermentation,  its  sulphur  becoming  converted  into  sulphate  and  dissolved. 

Componnds. — Sulphur  forms  witli  other  elementary  substances  a  large  number 
of  compounds  which  are  termed  sulphides,  and  as  a  class  they  are  very  analogous  to 
the  oxides  in  their  constitution  and  chemical  relations.  Only  two  oxides  of  sulphur 
are  known,  the  dioxide  or  sulphurous  oxide  SO,,  and  the  trioxide  or  sul- 
phuric oxide.  Both  of  these  substances  combine  with  water,  and  with  basic  oxides, 
forming  two  series  of  salts  termed  sulphi  tes  and  sulphates,  the  respective  hydrogen 
salts  being  sulphurous  acid  H^O,  and  sulphuric  acid  H^SO^. 

Besides  these  oxygen  compounds  of  sulphur  there  are  several  other  series  of  ana- 
logons  compounds  of  sulphur  with  oxygen  and  hydrogen  or  metals.  The  composition 
of  the  hydrogen  compounds  or  acids  is  given  in  the  following  table : — 

Hyposulphurous  acid        H^SO.^  Trithionic  acid  H^S^Og 

Thiosulpburic  acid  H.^,^.,.  Tetrathionic  acid        H^S^O^ 

Dithiome  acid  H^S^O^  Pentathionic  acid        B.fifl^ 

Sulphides  are  classifled  like  oxides  according  to  the  atomic  proportions  of  sulphur 
they  contain, as  monosulphides,  disulphides,  etc. 

The  sulphides  of  the  metals  are  solid  substances  which  are  generally  insoluble  in 
water,  except  the  sulphides  of  the  alkali  metals.  Some  of  them  melt  more  readily 
than  the  corresponding  oxides ;  some  are  partially  and  others  entirely  decomposed  by 
heatinj;.  and  a  few  are  volati Usable.  The  sulphides  as  they  occur  naturally  are  often 
crystalline,  brittle,  and  dark-coloured,  and  several  of  them  have  a  metallic  lustre. 
Many  of  the  sulphides  are,  like  oxides,  capable  of  combining  together  and  forming 
saline  compoundis  termed  sulpho-salts,  which  are  analogous  to  oxy-salts ;  the  sul- 
phides of  the  metalloids  having  the  characters  of  acid  sulphides,  and  those  of  the 
metals  having  generally  the  characters  of  basic  sulphides.  Thus  potassium  sulph- 
senit^  K^aSi  corresponds  to  the  oxyarsenite  KjAsO,. 

Hydit^n  monosulphide  H^,  commonly  called  sulphuretted  hydrogen,  corresponds 
to  water,  and  it  forms  compounds  with  other  sulphides,  which  are  called  sulphydrates, 
and  are  analogous  to  the  oxyhydrates  ;  as,  for  instance,  potassium  sulphydrate  KHS, 
corresponding  to  the  hydrate  KHO. 

Hany  sulphides  and  sulpho-salts  occur  naturally  as  minerals,  and  are  of  great 
technical  importance,  as  the  principal  sources  from  which  several  metals  are  obtained. 

Carbon  disulphide  CSj,  corresponding  to  carbon  dioxide  CO^,  combines  with  basic 
sulphides  forming  salts  called  sulpho-carbo nates,  which  correspond  to  carbonates 
but  contain  sulphur  in  place  of  oxygen  : — 

Calcium  carbonate  CaCO, 

„       sulpho-carbonate  CaCS, 

Sulphur  forms  several  compounds  with  phosphorus,  iodine,  bromine,  and  chlorine, 
but  the  only  one  of  these  compounds  that  is  used  for  industrial  purposes  is  the 
chloride  Sfilr. 

SUXJPBtnROVS   OXZB8. 

Formula  SO,.    Molecular  Weight  64. 

Btetory.  —This  substance,  commonly  called  sulphurous  acid,  wiis  long  known 
as  the  gaseous  product  into  which  sulphur  is  converted  when  it  is  burnt :  but  its  com- 
position was  not  ascertained  until  the  latter  part  of  the  last  century. 

OeeviT«B0e« — Sulphurous  oxide  does  not  frequently  occur  naturally ;  it  is  present 
IB  the  gasoons  exhalations  of  volcanic  districts,  and  more  rarely  in  the  water  of  some 
■dnenl  springs. 
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CoinposltiOB.~SalphuroiLS  oxide  consists  of  equal  weights  of  sulphur  and  oz7|;eii ; 
it  contains  its  own  volume  of  oxygen  and  h&lf  its  volume  of  gaseous  sulphur,  the  joint 
volume  being  reduced  one-third  in  the  combination. 

Cbaracters. — Sulphurous  oxide  is  at  the  ordinary  temperature  a  colourless  gas 
having  a  strong  suffocating  odour.  Its  density  is  32  relatively  to  hydrogen,  and  its 
specific  gravity  as  compared  with  air  2*247.  It  condenses  at  a  temperature  of  —  IQP 
to  a  colourless  liquid  having  a  specific  gravity  of  1  '490  as  compared  with  water. 
When  the  liquid  is  evaporated,  it  absorbs  a  largo  quantity  of  heat,  causing  a  very 
speedy  reduction  of  the  temperature  of  the  surrounding  atmosphere.  This  property  of 
liquid  sulphurous  oxide  is  taken  advantage  of  in  laboratories  for  the  production  of 
great  cold.  If,  for  instance,  liquid  sulphurous  oxide  be  poured  over  the  bulb  of  an 
alcohol  thermometer  surrounded  with  cotton  wool,  the  thermometer  sinks  to  —  60^  or 
—  60°,  while,  if  a  morcury  thermometer  Ixj  used,  the  mercury  solidifies.  Chlorine  and 
ammonia  gas  may  be  condensed  to  liquids  by  passing  them  through  bulb-shaped 
tubes,  surrounded  with  cotton  wool  and  kept  moist  with  liquid  sulphurous  oxide. 

When  liquid  sulphurous  oxide  is  evaporated  under  the  air-pump,  a  thermometer 
placed  in  it  sinks  to  — 80°,  and  the  non- volatilised  portion  is  converted  into  a 
crystalline  solid. 

Sulphurous  oxide  is  soluble  in  water,  the  specific  gravity  of  the  water  increasing  in 
proportion  as  the  gas  is  absorbed ;  consequently  the  bpecific  gRivity  of  an  aqueous 
solution  of  sulphurous  oxide  varies  according  to  the  amoimt  of  dissolved  gas,  as  shown 
in  the  following  table  by  M.  Anton  : 


Specific  Gravity 

Peroentoere  of 
Solphuroiis  Oxide 

Specific  Gravity 

rcrcflntege  of 
Sulphurous  Oxide 

1046 
1*036 
1*081 
1027 
1*023 

9-64 
8*69 
7*68 
6*68 
6-76 

1020 
1*016 
1013 
1009 
1-006 

4*77 
3*82 
2*86 
1*90 
0-96 

At  a  temperature  of  0°  water  dissolves  68*8  volumes  per  cent,  of  sulphurous  oxide 
gas,  at  10°  61*4  volumes,  and  at  20^  only  36*2  volumes.  This  difference  in  the 
solubility  of  sulphurous  oxide  in  water  at  different  temperatures  has  often  caused 
accidents,  which  have  arisen  firom  hermetically-sealed  bottles  or  tubes  being  filled 
with  a  saturated  aqueous  solution  of  the  gas  at  some  low  temperature.  When  such 
bottles  or  tubes  are  brought  into  a  room  at  the  ordinary  temperature,  the  sulphurous 
oxide  tends  to  free  itself,  and  the  pressure  thus  exerted  is  often  great  enough  either  to 
drive  out  the  stopper  or  to  burst  the  vessel. 

Sulphurous  oxide  is  very  useful  on  account  of  its  action  upon  nitric  acid,  which  is 
reduced  by  it  to  nitric  oxide,  a  reaction  which  plays  an  important  part  in  the 
manufacture  of  sulphuric  acid  (vide  Sulphuric  Acid). 

Sulphuretted  hydrogen  and  sulphurous  oxide  mixed  together  in  peeence  of  water 
undergo  a  mutual  decomposition,  water  being  formed,  and  sulphur  eliminated  ;  but  the 
decomposition  is  not  complete,  and  a  considerable  amount  of  pentathionic  acid  is 
formed,  probably  according  to  the  following  equation  : 

lOSO,  +   lOH^  =  8H,0  +    lOS  +   2HA0i. 

This  decomposition  does  not  take  place  when  the  gases  come  into  contact  in  a  dry 
condition. 

A  further  very  important  property  of  sulphurous  oxide  is  its  action  on  vegetable 
colours,  especially  so  because  the  common  bleaching  agent,  chlorine,  cannot  be  used 
for  bleaching  nitrogenous  substances,  since  silk,  wool,  feathers,  and  straw  fabrics  are 
rendered  yellow  by  chlorine,  and  have  therefore  to  be  bleached  with  sulphurous  oxide. 

Preparatton. — There  are  various  methods  of  preparinpr  sulphurous  oxide,  the 
principal  of  which  consist  in  burning  sulphur  or  some  metallic  sulphide,  and  in  the 
reduction  of  sulphuric  acid.    The  most  important  methods  are  the  following : — 

By  BuRNiNO  Sulphur. — For  the  preparation  of  either  sulphurous  oxide,  or  of 
aqueous  solutions,  or  lyes  containing  sulphurous  acid  in  combination  with  potassium, 
sodium  or  oilcium,  the  apparatus  shown  in  fig.  4-1  (p.  105)  may  be  employed : 
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Snlphm  u  btmt  id  b  vemi  of  sheet  niBtnl  on  tlie  hearth  of  a  funiue  a.  The 
but  ni][liimiDa  <mde  pane*  tiuongh  &  kind  of  chimnejr  into  the  condensiDg  tube 
jl  B^  ud  from  tbence  through  c  into  u  long  leaden  vessel  (b"),  the  bottom  of  which 
a  dcfMng,  and  the  interior  is  fittad  with  purtitians  (d'lj').  in  th«  manner  shown  in 
hninntaj  piojectiDn,  fig.  46.    Tbis  receiver  is  closed  with  a  lid,  kept  cool  by  wator 


Fra.  44. 

tnUisKoTerit.  Tbeliqnid,  eonnsting  either  of  water  or  of  ftsolatioDoTpobish.KKln. 
"Iwe.BowB  from  the  reservoir  (b)  into  the  upper  part  of  the  absorption  chamber,  nnd 
™  tiieDce  into  the  other  divistoDS  successively.  SBcaping  eventually  through  the 
tola  I  and  the  pipe  i-  The  salphurous  oxide,  entering  at  the  lowost  division,  pasaes 
ulLgcoolraiy  direction,  indicated  by  the  arrows  (Gg.  45),  escaping  finally  through  r. 


Fta.  *6. 
■Udi  is  connected  with  a  Tesscl  (o)  Blled  with  moist  soda  crystals,  so  as  to  absorb  any 
'ft*  gu.    The  soda  retains  the  last  traces  of  sulphurous  eiido,  the  carbonic  acid  thus 
liUnlad  escaping  through  the  tube  (j)  into  a  chimney. 

Tbt  sodinm  sulphite  thus  formed  is  more  soluble  than  sodium  carbonate,  conse- 
vMj  when  the  mixture  is  treated  with  water  it  passes  through  the  perforated 


s  fitted  with  a  contrivance  fc 


o  the  rt 
in  the  place  of  soda,  the  apparatus 
*>lnag  the  lime. 

For  the  prspamcion  of  solntiont  of  snlphurons  add  in  water,  Calvert  re 

f''*  ue  of  a  tower  about  40  feet  high  and  4  feet  wide,  filled  with  pieces  of  pumicv, 
■Mo  which  the  gaa  is  conducted  from  below,  a  moilerate  stream  of  water  being  per- 
aitttd  to  trickle  tluough  the  pieces  of  pumice  from  above. 

For  the  lOBthod  of  prepenng  gaseous  sulphuroui  oxide  for  bleaching  purposos,  and 
nthenun&etaMofiuIplinric"--' ""  — '  "-  —•■"-i-  lo-i.i.—'.  uj- 


md  the  article  '  Sulphnno  Acid.' 


loe  StJLPHUE. 

Bt  Reddctiof  of  ScLFBUBto  AciD.— Although  this  method  of  preparing  ntlphnr- 
oni  oxide  u  liecidedl;  more  eipensiTs  than  that  jiut  described,  it  it  still  aomBtimei 
emptojed. 

Tho  deozidation  of  the  sulphuric  acid  is  effected  b;  varioaa  mbitances,  of  which 
the  principal  are  chaccoal,  metalt.  and  aulphur. 

By  Ckarcoal,  -An  appaiatuB  for  the  roductiou  of  sulphuric  acid  is  TopreuDted  bj 
fig.  18.  It  coneltta  of  mo  ur  three  bulIoouB  (a),  of  glass  ur  btonovare,  fitted  into  ft 
furuace,  aud  heatod  fram  bcne^ith  b;  means  of  a  sand  buth.  The  baUoone  are  half 
filled  with  chamnt  and  coacentrated  aulphnric  add,  irhich  mixture  Tielda,  vhw 
heated,  carbonic  add,  water,  and  nilphurona  oxide,  according  to  the  equacioD : 

2H^,  +  C  =  CO,  +  211,0  +  230,. 
A  small  qnantitj  of  carbonic  oxide  is  formed  in  this  reaction. 

The  larger  proportion,  however,  of  the  gases  consists  of  carboaie  dioiide  and  sulphnt- 
oua  oxide,  which  are  pawed  throogh  a  wide  deliver;  tube  into  three  receivers,  iimiUr 
to  Woulfe's  bottles  in  shape  and  arrangement.  These  receivers  are  filled  with  watjr 
to  a  lUrd  or  half  their  height ;  the  first  serring  to  rttnin  any  aulphnric  acid  carried 
over  with  the  gas,  the  two  others  for  the  absorption  of  sulphonins  oxide.  The  carbon 
dioxide  escapee  into  the  ur  tlirongh  c'.  As  soon  us  the  water  in  the  receivers  is 
wtaiated  with  eulphuions  oxide,  the  solution  is  dr.twn  oS"  by  cocks  placed  a  little 
above  their  bottom.  The  receivers  can,  of  course,  be  chsq^  with  ollullno  solutions 
instead  of  water,  in  which  case  the  corr^ponding  suIphitAS  would  be  formed. 

Retort!  mav  be  advantageously  used  in  tho  place  of  ballooos  for  heating  the 
miitate  of  sulphuric  add  aod  ehamial,  being  like  them  filled  to  one  half,  and  beat«d 
in  these 


Fie.  4S. 

Redactitni  of  SalpAuric  Acid  by  Mttait. — The  preparatioa  of  snlphuroDs  oxide  by 
reducing  sulphuric  acid  with  metals  is  chiefly  employed  on  a  small  scale  in  chemicU 
laboratories.  The  most  suitable  metal  for  the  purpose  is  copper,  which  reaeti  upon 
sulphuric  add  according  to  the  eqnaljon: 

2H,aO,  +  Cu   -   CiiSO,  +  2H,0  +  SO, 

Copper  turnings  (dirty  scraps  may  also  be  used)  are  brought  into  a  capacioos  gtass 
flask  or  retort,  and  covered  witJi  from  two  to  three  times  their  weight  of  eoncentnted 
anlphnric  acid.  The  genemtiDg  vessel  being  connected  by  means  of  glass  tubes  with 
4  Woalfe's  bottle  containing  water,  and  this  with  another  rcesel  containing  tome 
liquid  for  absorbing  the  fmlphurona  oxide,  the  mixture  of  copper  and  salphnnc  acid 
is  heated  gradually  over  a  sand  bath  up  to  the  boiling  point  of  sulphuric  acid.  When 
this  point  is  attained,  a  development  of  Bulphnrous  oxide  gas  begins,  which  continoes 
so  king  as  undecompoaed  copper  and  snlphuric  add  are  present  in  Uie  generator.  A 
stronger  heat  towiuila  the  end  of  the  operation  is  advisable. 

RtducHoa  of  Sulphurie  Acid  iff  Stdphia:  -Wbaa  six  parte  of  sniphuiic  acid  an 
heated  together  with  one  part  of  sulphur  a  very  strong  development  of  talphurous 
oxide  takes  place,  according  to  the  equation  : 

2H,S0,  +  6  =   330,  +  2H,0. 
The  reaction  is,  however,  often  so  violent  that  for  the  preparation  of  sulphurous  oxide 
on  a  small  scale,  the  redaction  of  sulphuric  acid  by  copper  Is  preferable. 

Instead  of  sulphuric  add,  snlphatf  s  may  be  used  for  preparing  snlpburous  oxide. 
Thus,  according  to  M.  Stolba,  sulphurous  oxide  in  a  state  of  great  punt;  may  be  ob- 
tained by  heating  together  four  parts  of  nnhydrons  ferroui  sulphate  (green  vitriol) 
and  one  part  of  sulphur. 
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Gojmer  Bnlphato  (blue  vitriol)  may  be  also  employed  for  preparing  sulphurous  oxide 
in  the  alwTe  way. 

Marttfactubs  of  SuLPauBOUS  Oxide  fbom  Pybitbs.— When  iron  pyrites  or  other 
metallic  snlp^des  are  heated  in  contact  with  air,  a  process  which  is  technically  termed 
roasting,  the  sulphur  is  oxidised  to  sulphurous  oxide  (less  often  to  sulphuric  acid)  and 
the  meUd  to  its  oxide,  part  of  which  combines  with  the  acid.  The  sulphurous  oxide  set 
free  in  this  process  was  formerly  allowed  to  escape  into  the  atmosphere,  a  plan  not 
ooly  inrolring  waste  of  a  valuable  substance  but  also  at  the  same  time  the  destruction 
of  all  Tegetation  in  the  vicinity.  This  sulphurous  oxide  is  now  collected  and  used 
for  the  preparation  of  sulphuric  acid  in  lead  chambers ;  some  sulphuric  acid  manu- 
fteturers  indeed  employing  pyrites  alone  as  the  source  of  stdphuric  acid.  The  fol- 
lowing formula  will  serve  to  explain  the  roasting  process : 

2EeS,  +  110    =    Fe^O,  +  4S0,. 

A  further  method  of  obtaining  sulphurous  oxide  may  be  mentioned,  which  consists 
in  heating  to  redness,  in  fire-clay  retorts,  an  intimate  mixture  of  4  parts  of  sulphur 
with  6  parts  of  manganese  peroxide.  The  decomposition  takes  place  according  to  the 
equation : 

2S  +  MnO,    -    MnS  +  SO^ 

A  small  quantity  of  manganese  oxide  always  remains  behind  mixed  with  the  sul- 
phide, which  is  owing  to  portions  of  manganese  getting  heated  to  redness  without 
eoming  into  contact  with  sulphur. 

SiuphuzonB  oxide  occurs  also  as  a  by-product  in  a  number  of  industrial  operations ; 
aa  for  instance  in  the  manufacture  of  glass ;  in  the  preparation  of  ultramarine,  when 
Glanber^s  salt  is  employed ;  idso  in  the  saponification  of  soap  with  sulphuric  acid  for 
the  stearic  acid,  in  burning  fuel  containing  pyrites,  etc. 


Viacs. — Sulphurous  oxide  is  extensively  used,  its  most  important  application  being 
the  manufiictore  of  sulphuric  acid.  Another  important  application  of  stUphurous 
oodde  is  in  bleaching,  especially  in  the  case  of  silk  and  woollen  goods,  which  cannot 
be  bleached  with  chlorine,  owing  to  their  being  rendered  yellow  by  that  substance. 

C«Bp«iuids« — Sulphurous  oxide  combines  chemically  with  water  to  form  hydro- 
gen solpUte.  H^0„  or  sulphurous  acid;  but  this  compound  is  readily  decom- 
posed, and  upon  boiling  a  solution  of  sulphurous  acid  for  a  short  time  the  whole  of 
the  sulphurous  oxide  is  expelled  as  gas.  There  is  another  compound  of  the  gas 
with  water,  having  a  composition  represented  by  the  formula  H^0,8H,0,  which  if 
obtainable  in  the  crystallised  state  by  cooling  a  saturated  solution  of  sulphurous  acid  tc 
—t^f  while  a  current  of  sulphurous  oxide  gas  is  passed  through  it. 

Snlphurous  oxide  also  combines  with  basic  oxides,  forming  a  series  of  saline  sub- 
■tancea  called  sulphites,  some  of  which,  such  as  the  alkaline  sulphites,  are  freely 
soluble  in  water,  while  others,  like  barium  sulphite,  are  only  sparingly  soluble. 
Tliesesalta  are  readily  decomposed  by  hydrochloric  acid,  with  evolution  of  sulphurous 
oxide  gas ;  they  also  absorb  oxygen  from  the  air,  and  are  thus  converted  into  sulphates. 

By  passinff  vapour  of  nitrogen  peroxide  into  liquid  sulphurous  oxide  there  is 
fowed,  together  with  nitrous  anhydride,  a  solid  substance  having  the  composition 
fSO^Of,  aeoording  to  the  following  equation : 

2S0,   -I-  4N0,     -     2N0,S,O,  +  N,0,- 

This  substance  melts  when  heated,  and  volatilises  without  decomposition ;  it  dissolves 
in  eoneentrated  sulphuric  acid  without  change,  and  with  slightly  diluted  acid  it  forms 
a  bulky  crystalline  substance,  probably  H,N0,S04  (^^^  Sulphuric  Oxide,  Compounds : 
and  Mannfoctore  of  Sulphuric  Acid ;  Chamber  Crystals). 


FoJUfTTLA  HjSO,.      MOLBCULAB  WsiOUT   82. 

Tliis  substance,  which  exists  in  the  aqueous  solution  of  sulphurous  oxide,  can  be 
obtained  in  a  crystalline  state  by  passing  moist  sulphurous  oxide  gas  through  a  tube 
cooled  by  a  freecing  mixture,  or  by  cooling  a  saturated  solution  to  0°.  The  crystals 
Belt  at  a  temperature  a  little  above  0°,  and  decompose  giving  off  sulphurous  oxide 
pa.  Most  of  the  reactions  of  sulphurous  oxide  in  the  presence  of  moisture  are  really 
die  to  sulphttroos  acid. 

In  a  petheiXj  dzy  state,  sulphurous  acid  exerts  no  action  on  organic  colouring 
'^  n,  It  is  therefore  necessary  in  bleaching  with  this  substance  to  insure  the  pro- 
of moisture.    The  way  in  which  the  bleaching  action  takes  place  is  not  at 
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present  definitely  determined,  but  there  m\ist  be  at  any  rate  two  distinct  kinos  of 
bleaching  action,  for  there  are  vegetable  colours,  which  after  bleaching  with  sul- 
phurous acid,  reappear  upon  treatment  with  very  dilute  acids,  and  again  otheis, 
which  no  known  re-agent  restores.  Thus,  for  instance,  the  red  colouring  matter  of  the 
rose  is  completely  bleached  by  sulphurous  acid,  but  reappears  upon  dipping  the  rose 
into  very  dilute  sulphuric  acid.  On  the  other  hand,  the  red  colouring  substance  of 
the  beet  root,  which  is  also  bleached  by  sulphurous  acid,  cannot  be  recovered  by  any 
re-agent.  In  the  first  case,  it  is  supposed  that  the  bleaching  property  of  the  sulphur- 
ous acid  is  due  to  its  forming  a  colourless  compound  with  the  colouring  matter  of  the 
rose,  which  can  be  separated  again  by  a  weak  acid,  while  in  the  other  case  it  is  sup- 
posed that  the  bleaching  action  of  the  sidphurous  acid  is  due  to  a  decomposition  and 
reduction  of  the  colouring  matter. 

Some  vegetable  colouring  matters,  such  as  chlorophyll,  withstand  completely  the 
influence  of  sulphurous  acid. 

Sulphurous  acid  acts  as  an  antiseptic  in  the  case  of  several  organic  substances, 
which  property  is  probably  due  to  its  preventing  the  growth  of  organic  ferments. 

Sulphurous  acid  oxidises  very  readily  to  sulphunc  acid,  and  is  on  this  account  a 
powerful  reducing  agent  Sulphuric  acid  is  formed  in  an  aqueous  solution  of  sul- 
phurous acid,  exposed  to  light  and  air.  For  this  reason,  when  it  is  desired  to  preserve 
a  solution  of  sulphurous  acid  for  an^  length  of  time  in  a  state  of  purity,  the  bottles 
must  be  completely  filled,  and  kept  m  a  dark  place ;  it  is  further  necessary  to  expel, 
by  boiling,  the  air  dissolved  in  the  water,  before  dissolving  the  gas. 

Sulphurous  acid  readily  deprives  substances  of  oxygen.  Thus,  for  instance,  it 
liberates  iodine  fiK>m  iodic  acid,  reduces  permanganic  acid,  and  precipitates  silver  and 
mercury  from  solutions  of  their  salts. 

Ukes. — Sulphurous  acid  is  used  as  a  disinfectant  and  deodoriser,  as  it  destroys 
miasms,  and  decomposes  bad-smelling  substances,  such  as  sulphuretted  hydrogen, 
ammonium  sulphide,  etc.  Another  iise  of  sulphurous  acid,  which  is  not  less  im- 
portant than  the  latter,  is  for  preserving  wine,  hops,  and  other  substances. 

Calvert  has  recommended  the  addition  of  -j^  of  a  10  per  cent,  solution  of  sul- 
phurous acid  to  sugar  juice  before  boiling  in  vacuum,  for  lessening  the  coloration  of 
the  syrup,  and  for  stopping  any  fermentation  that  may  have  set  in. 

Sulphurous  acid  is  also  employed  for  bleaching  starch,  cane  sugar,  malt,  etc 

A  farther  use  of  sulphurous  acid  which  may  be  here  mentioned,  is  for  the  preser- 
vation of  corpses  for  anatomical  purposes.  Sulphurous  acid  tluit  has  been  treated 
with  an  excess  of  zinc  is  injected  into  the  corpse,  which  may  be  then  kept  for 
several  days.  The  oftect  is  not  to  be  attributed  to  sulphurous  acid  alone,  but  also 
to  zinc  sulphite  and  hyposulphite. 
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Cbaraoters.—This  substance,  which  is  also  called  sulphuric  anhydride,  is 
a  white  fibrous  mass  resembling  asbestos  in  appearance ;  it  melts  at  about  18^,  and  at 
a  higher  temperature  it  volatilises ;  the  vapour  is  decomposed  at  a  red  heat  into  sul- 
phurous oxide  SO,  and  oxygen  gas.  In  the  dry  state  sulphuric  oxide  is  a  neutral 
substance,  and  it  does  not  alter  the  colour  of  blue  litmus  paper,  or  exercise  any  corro- 
sive action  on  organic  substances,  but  it  attracts  water  from  the  atmosphere  with 
great  avidity,  combining  with  it  and  forming  sulphuric  acid  ;  it  also  graduallv  causes 
the  decomposition  of  organic  substances,  converting  them  into  water,  with  whicn  it  com- 
bines, and  carbon,  which  remains  as  a  finely  divided  black  mass.  The  specific  gravi^ 
of  solid  sulphuric  oxide  is  1*946  at  13°,  that  of  the  melted  substance  1*970  at  20^. 

PreparatloB. — Sulphuric  oxide  may  be  obtained  by  heating  perfectly  dry  ferric 
sulphate,  Fe^SSOf,  in  >  dose  vessel  connected  with  a  condenser.  The  decomposition 
that  takes  place  is  represented  by  the  following  equation : 

FejSSO^     -=     Fe^O,   -t-   3S0,. 
It  may  also  be  obtained  by  distilling  the  fuming  acid  known  as  Nordhausen  oil  of  vitriol 

Compounds! — Sulphuric  oxide  combines  roadily  with  water,  forming  hydrogen 
sulphate,  H^04,  or  sulphuric  acid,  which  is  the  representative  of  a  very  important 
series  of  saline  substances  called  sulphates,  containing  in  the  place  of  the 
hydrogen  of  sulphuric  add  two  atomic  proportions  of  monovalent  metals,  or  one  atomic 
proportion  of  divalent  metals  for  each  molectde  of  sulphuric  oxide. 

The  sulphates  are  mostly  crystallisablo  substances;  with  some  few  exceptions 
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tbej  are  soluble  in  water,  but  some  of  them  dissolve  only  m  very  small  proportions. 
MftDj  sulphates  occur  naturally,  and  in  some  instances  they  have  originated  from 
metfldlic  sulphides  by  oxidation. 

Sulphuric  oxide  absorbs  the  vapour  of  nitrogen  peroxide,  forming  a  crystalline 
nibetar.ee  having  the  composition  InO^SOi,  which,  when  sufficiently  heated,  is  decom- 
posed into  oxygen  gas  and  the  same  substance  that  is  produced  by  the  action  of 
nitrogen  peroxide  upon  sulphurous  oxide  (see  p.  107).  This  substance,  2NO,S20„  is 
ftlso  formed,  together  with  sulphurous  oxide,  by  the  action  of  nitric  oxide  upon  sul* 
phnrie  oxide,  according  to  the  following  equation : 

880,  +  2N0     =     2NO,S20,  +  SO^. 

The  crystals  sometimes  formed  in  the  lead  chambers  of  sulphuric  acid  works  when 
there  is  an  insufficient  supply  of  8t(>am  are  closely  related  to  these  compounds  {vid$ 
Salphoric  Acid,  Chamber  Oi^stals). 
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r.  —Most  probably  the  Arabian  chemist,  Qeber,  who  lived  in  Spain  in  the 
eighth  century,  was  the  first  to  prepare  sulphuric  acid,  for  it  is  hardly  possible  that 
the  *  spirit*  which  he  got  by  distilling  alum  can  have  been  anything  elsc^  In  the 
twelfth  century,  Albertus  Magnus  mentions  a  spiritus  vitreoli  romani,  which 
must  likewise  have  been  sulphuric  acid.  Basil  Valentin,  who  lived  in  the  fifteenth 
century,  wan  the  first  to  describe  comprehensively  and  exactly  the  difiorent  methods 
of  prep;iring  sulphuric  acid,  but  even  he  considered  the  sulphuric  acid  prepared  in 
different  ways  to  be  distinct  substances.  Libavius  was  the  first  to  recognise  the 
identity  of  the  sulphuric  acid  prepared  according  to  various  methods. 

The  composition  of  sulphuric  acid  was  long  a  matter  of  doubt.  Stahl  considered 
it  to  be  a  constituent  of  sulphur ;  and  Mayow,  who  lived  in  the  seventeenth  century, 
maintained  that  sulphur  was  a  constituent  of  sulphuric  acid.  It  was  not  until  1777 
that  La  voisier  established  the  true  composition  of  sulphuric  acid. 

Oeenrreaee*  Sulphuric  acid  seldom  occurs  naturally  in  the  free  state,  since  it 
M  one  of  the  strongest  acids,  and  readily  unites  with  metallic  oxides  and  other  bases. 
Its  occurrence  in  the  free  state  is  therefore  limited  to  volcanic  sources.  Thus,  for 
instance,  according  to  Boussingault,  tlie  water  of  the  Rio  Vinagre,  a  river  rising  in 
the  Andes,  in  South  America,  contains,  in  addition  to  hydrochloric  acid,  about  one-tenth 
per  cent,  of  iree  sulphuric  acid.  M.  Ikiussingault  calculated  that  this  river  brings  to 
the  surfiice  daily  more  than  38  tons  of  sulphuric  acid.  The  water  of  some  other 
volcanic  springs  in  the  Andes  also  contains  sulphuric  acid.  Another  spring  of  water, 
Teiy  rich  in  sulphurie  acid,  occurs  in  New  Granada.  It  is  a  hot  spring  from  a  volcano 
called  Paramo  de  Ruiz,  3800  metres  al)OV(;  the  sea  level,  and  according  to  Lewy  its 
water  contains  upwards  of  one  fourth  per  cent,  of  free  sulphuric  acid.  The  water  has 
a  temperature  of  69*4°,  and  contains  free  hydrochloric  acid  as  well  as  sulphuric  acid. 

Sidphuric  acid  exists  far  more  abundantly  in  corabinatioii  with  bases  as  sulphates. 
The  eommonest  of  these  compounds  arc  gypsum  (calcium  sulphate) ;  heavy  spar 
(barium  sulphate);  celcstine  (strontium  sulphate);  anglesite  (lead  sulphate); 
green  copperas  (iron  sulphate);  blue  vitriol  (copper  sulphate);  and  alunite 
(aluminum  and  potassium  sulphate),  etc. 

O— ippsHton. — Sulphuric  acid  or  hydric  sulphate  contains  more  than  six 
tenths  its  weight  of  oxygen  in  combination  with  sulphur  and  hydrogen,  and  ita  con- 

titutioBis  represented  in  accordance  with  the  double  water  type  ^^  I  Qj,  by  the  formula 
n*'0-,  or  as  a  monohydrate  of  sulphuric  oxide  by  the  formula  SO^HoO. 


, — In  its  most  concentrated  state  sulphuric  acid  is  a  colourless,  in- 
otlonms,  thick  liquid  of  oily  consistence,  on  account  of  which  it  is  termed  oil  of 
vitrioL  Its  density  as  compared  with  water  is  1-813.  By  contact  with  organic 
•obrtances  it  readily  assumes  a  brown  colour,  in  consequence  of  its  powerfid  dehydra- 
ting or  carbonising  action  upon  such  substances,  and  the  sulphuric  acid  met  with  in 
comaeree  is  often  coloured  brown  in  this  way  by  dust  or  small  fragments  of  straw,  etc. 
It  solidifies  at  a  temperature  considerably  below  the  freezing  point  of  water,  and  then 
Bielts  at  10*5®.  The  liquid  acid  commences  to  boil  at  290°  and  is  partially  decom- 
iy«d,  giving  ofiTsome  ▼.•ij»fmr  of  sulphuric  oxide,  the  temperature  of  the  remaining 
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Suipiiaric  acid  alao  formj  serorol  doBiute  ciTitBllJBbla  OM 
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Ttie  specific  griwitj  of  iulphnric  acid  dccroaMB  in  proportion  to  the  amonnt  i 
•Met  it  coutaias.  The  followuig  table  shows  t^e  strenglh  of  bolphuric  acid  of  difin 
r)tdcaBiti«it]fi°. 
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MANUFACTURE  OF  SULPHURIC  ACID. 
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The  folloiriiig  Uble  shows,  in  degrees  Baum6,  the  proportion  per  cent,  of  Bulphnric 
id  and  of  sulphuric  anhydride  in  sulphuric  acid  of  diflferont  densities  at  a  tempera- 
ture of  15^ 
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One  of  the  most  important  properties  of  sulphuric  acid  is  its  solvent  action.  It 
dinolyee  nearly  all  metals,  either  when  diluted  or  in  the  concentrated  state ;  in  the 
farmer  case  with  development  of  hydrogen  gas,  in  the  latter  under  reduction  to  sul- 
phurous acid.  Thus,  the  metals  iron,  zinc,  cadmium,  etc.,  dissolve  in  diluted  sulphuric 
acid  with  evolation  of  hydrogen ;  the  metals  mercury,  copper,  silver,  etc.  dissolve  in 
concentrated  sulphuric  acid  with  evolution  of  sulphurous  acid.  The  chemical  change 
in  the  first  case  is  represented  by  the  equation  : 


'h:|0' + 5'-° 


that  in  the  second  case  by  the  equation  : 


SOJq 
Zni"« 


+  H, 


K^f^O 


+  Cu      = 


-    ^^4o 


+  so,  +  2 


S|o. 


Other  reducing  agents,  such  as  carbon,  sulphur,  phosphorus,  etc.,  also  exert  a 
deoxidising  action  upon  concentrated  sulphuric  acid,  like  the  metals ;  but  a  higher 
temperature  is  necessary. 

Sulphuric  acid  combines  very  eneigetically  with  free  bases  forming  sulphates, 
and  it  IS  only  by  a  few  other  acids,  and  in  a  few  instances,  that  it  can  be  separated 
from  such  compounds  without  the  aid  of  heat. 

Nordhausen  oil  of  vitriol,  or  fuming  sulphuric  acid,  must  be  considered  as  a 
mixture  of  variable  quantities  of  sulphuric  anhydride  and  sulphuric  acid  monohydrato. 
Its  preparation  and  properties  have  been  known  longer  thun  the  ordinary  acid. 

gfcyrattoiu — Sulphuric  acid  Is  formed  by  the  hydration  of  sulphuric  oxide,  also 
bj  the  oxidation  of  sulphurous  oxide,  and  by  the  action  of  concentrated  nitric  acid  or 
of  aqua  regia  upon  sulphur,  but  these  processes  are  seldom  bad  recourse  to  except  for 
special  purposes.  In  tne  preparation  of  sulphuric  acid  on  a  large  scale,  sulphurous 
oxide  produced  by  burning  sulphur  or  pyntes  is  converted  into  sulphuric  acid  by 
means  of  some  powerfol  oxidising  agent.  Although  sulphurous  oxide  in  aqueous 
solution  is  g^radually  oxidised  to  sulphuric  acid  by  exposure  to  the  air,  this  change 
dtttti  not  admit  of  practical  application  when  large  quantities  of  acid  are  required. 

The  oxidising  agent  now  universally  employed  for  oxidising. sulphurous  oxide  to 
sulphuric  acid  is  nitric  acid.  The  greater  part  of  the  oxygen,  however,  is  not 
denvvd  from  the  nitric  acid,  but  is  obtained  indirectly  from  the  air  as  the  result  of 
a  complex  chemical  process  that  takes  place  in  the  lead  chambers  used  for  the 
porpose.     The  presence  of  water  is  very  important,  as  will  be  seeL  presently. 
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UunrrAontBii  op  Fninito  Oil  or  Vitbioj, — A  compamtivoly  nnall  qnantit;  irf 
mlphnric  acid  it  made  in  Sbiodjt  and  Bohemia  b;  diatillatian  from  calnDsd  fancoi 
nitphate  or  '  green  vitriol,'  alio  recently  frvm  acid  sodinm  sulpliaCe. 

Preparation  from  I'ilral. — Tho  mrthoct  of  procodnre  in  Bohemia  is  the  followii^ 
Pjntes.  freed  by  elutriaCioa  (tori  ulmiitnnB  of  cbij.  is  heated  lo  redness  in  fireclftj 
retnrtB.  ont  of  contact  -with  air,  iiccordins  to  the  method  described  on  pnge  99,  and  tlw 
sulpboT  distilling  off,  amounting  gonenilly  to  14  or  15  per  venL.  is  collerted.  The 
residue  left  in  the  retoits  is  farrons  sulphide,  which  is  ollowrd  to  disinlegimto  Aod 
oxidise  in  tbe  air,  a  process  whii^li  requires  seysral  years.  The  oiidisod  pFodnet  U 
liiiriated  and  the  Ije  ovaporuted  to  crystAllisation  by  the  heat  of  the  retort  f^imaeat. 
The  Srat  crystsllisstion  yields  tolerably  pure  ferrous  sulphate  (green  vitriol).  Ths 
mother  liquor  is  evaporated  to  drjnesii,  and  the  lesidne  oUcined  so  as  to  convert  Iha 
ferrous  sulphate  into  baac  ferric  gnlphate.  This  conversioQ  is,  however,  never  Bntirelj 
accomplished,  the  calcined  material  always  contJiiaiiig  small  quanlitics  of  femnu  siil< 
phatc,  and  with  this  soma  water  which  is  given  off  in  the  process  of  healiDg  to  redncw. 
The  ferrous  sulphate  also  decomposes  with  formation  of  snlphnric  anhydnde  and  nl- 
phuious  oxide,  according  to  the  equation  : 

2FeS0,    =  Fe,0,  +    80,  +  StV 

The  buii!  and nentml ferric snlpbates,  when  hmtodtoredDeas, yield  fgrHeo(kl«at>d 
Bulphnric  oxide  oranhydrids.  The  small  quantityof  water  contained  in  every  sample  of 
NordhaDBen  oil  of  vitriol  is  derived  from  the  water  contained  in  the  ferrous  sulphate, 
and  given  off  when  the  calcined  vitriol  is  htated  to  redness. 

The  distillation  of  faming  sulphuric  acid  from  calcined  vitriol  is  carried  out  in  a 
kind  of  galley  furnace,  both  sides  of  which  are  fitted  with  a  double  row  of  retorts,  S4 
innninber,  lying  over  each  other,  and  above  these  often  a  third  row  of  32  retort*.  The 
retorts  (b,b)  are  made  of  Are  cin;.  nnd  have  a  bore  of  about  8  inches  and  a  length  of 
12  inches.    Each  reWrt  is  furnished  witli  a  receiver  (a),  of  tlie  wime  size  and  form  aa 


Itself.  Tlie  200  retorts  hold  S  cwts.  of  cnlcined  vitriol,  and  are  so  heat«d  (2  tons  of 
brown  cooriieing  used)  as  lo^eld  2  cwtH.  of  acid  nnd  2}  cwts.  of  residue  (coloothar 
orferrio  oxide).  At  tiie  bcftinning  of  [he  procG»s  only  water  escapes,  then  Bulphiuons 
oiide  and  oxygen,  and  finally  sulphniic  anhydride  and  hydialed  sulphuric  acid  distil 
over,  which  mix  and  condense  in  the  receivers. 

Since  the  mnnufiiclnro  of  faming  sulphuric  acid  in  tlie  abnve  way  involves  COB- 
sidemble  loss  of  sulphuric  acid,  which  escapes  as  sulphurous  oiideand  oxygen,  it  has  of 
late  been  the  custom  lo  prepare  Nonlliausen  nil  of  vitriol  from  ferric  sulphate  ;  the 
latter  being  oblainud  by  thp  trentment  of  colctithar  witli  ordinary  sulphuric  acid,  and 
evaporating  the  product  to  dryness.  On  distilling  this  ferric  sulphate,  salph one 
anbydridB  of  great  purity  is  obtained  nnd  a  small  quantity  of  ordinary  salphnru  add 
is  placed  in  the  receivers,  with  which  the  anhydride  rwdily  mixes.  The  randae  in  the 
retortH  is  used  again  £jr  the  preitfiniiion  of  teiric  snlpbnle. 
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Fumina  Sidpkurio  Acid  from  Sodium  Biatdphate.—Thia  method  of  preparing 
Aiming  salphuric  acid,  which  has  recently  been  much  adopted  in  France,  is  analogous 
to  that  above  described.  Ketorts  of  a  similar  kind  are  used,  in  which  the  sodium 
faisalphate  is  heated  until  sulphuric  anhydride  begins  to  distil  over,  when  glass 
reeeiyen  are  attached  to  the  necks  of  the  retorts. 

Fuming  sulphuric  acid  is  further  manufactured  by  heating  to  redness  dried  Glauber's 
lalt  with  boracic  acid,  and  condensing  the  vapour  in  receivers  containing  ordinary 
snlphurie  acid.    The  residue  in  the  retorts  is  employed  in  the  preparation  of  borax. 

MAXUFAcruBB  OF  SuLFHUBio  AciD  IN  JjELD  CuAVBBBS. — The  preparation  of  thii 
add  on  a  large  scale  in  leaden  chambers  dates  firom  the  year  17^6,  when  Dr.  Boebuck, 
ofKnningfaam,  erected  the  first  leaden  chamber  at  Frestonpans,  near  E(tinburgh.^ 

The  fimnation  of  salphuric  acid  from  sulphurous  oxide  by  the  agency  of  nitric 
acid  and  the  lower  oxides  of  nitrogen  depends  upon  a  number  of  consecutive  chemical 
chaagee.    Till  recently  the  following  three  changes  wore  supposed  to  take  place : 

1.  Convenion  of  sulphurous  oxide  and  concentrated  nitric  acid  into  sulphuric  acid 
aad  nitrogen  peroxide  according  to  the  equation  : 


SO,  +   2^2«|0  -  ^^|0,  +  2N0,. 


2.  Beproduct  ion  of  nitric  acid  firom  a  portion  of  the  nitrogen  peroxide  by  tne  action 
of  water ;  another  portion  of  it  becoming  reduced  to  nitric  oxide,  according  to  the 
eqnatioD: 


3N0,  +  2(0  »=  2^h}^  •*•  ^^• 


8.  Tlie  nitric  oxide  foimed  in  the  second  process  combines  with  oxygen  from 
atmoei^eric  air  admitted  into  the  chamber,  and  is  thus  converted  into  nitrogen  per- 
oxide, according  to  the  equation : 

NO   +   0   -  NO,. 

This  nitrogen  peroxide  is  again  decomposed  by  tlio  action  of  water  producing  a 
farther  quantity  of  nitric  aci«!.  According  to  the  changes  thus  given  the  nitric  acid 
originally  employed  is  first  of  all  deoxidincd,  and  then  by  means  of  two  consecutive 
ehemicnl  changes  the  products  of  the  deoxidation  are  again  converted  into  nitric  acid  : 
theoretically,  therefore,  it  would  appear  from  this  that  a  small  qusmtity  of  nitric  acid 
should  be  '.>apable  of  converting  unlimited  quantities  of  sulphurous  oxide  into  sulphuric 
add.  But  in  the  manufacture  of  sulphuric  acid  it  is  necessary  to  keep  up  a  continual 
supply  of  nitric  acid  to  the  load  chambers,  because  the  nitrogen  introduced  into  the 
chamliers  in  the  form  of  atmospheric  air,  and  escaping,  after  the  oxygen  associated 
with  it  has  been  absorl)ed,  carries  with  it  various  oxides  of  nitregen. 

According  to  this  view,  it  is  nitrogen  peroxide  that  effects  the  transfer  of  oxygea 
ftom  the  air  to  the  sulphurous  oxide  by  a  constantly  recurring  conversion  into  nitric 
add.  Weber  has  suggested  another  view  of  the  change,  according  to  which  it  is  not 
nitrogen  peroxide,  but  nitrous  anhydride  which  performs  the  important  function  of 
transferring  oxygen  f*om  atmospheric  air  to  the  sulphurous  oxide  in  the  lead  chambers. 
lie  assumes  the  following  consecutive  changes  to  take  place : 

1.  B^  the  contact  of  sulphurous  oxide  with  a  dilute  mixture  of  sulphuric  acid  an  d 
nitric  acid,  Fuch  as  is  found  in  the  load  chamber,  it  is  oxidised  to  sulphuric  acid,  the 
nitric  add  being  reduced  to  nitrous  anhydride,  according  to  the  equation  : 

280,  +  2fH^'}0  j  +  H.0  -  2(h;}0.)+  N,0, 

2.  The  nitrons  anhydride  in  the  first  instance  dissolves  in  the  sulphuric  acid.  By 
the  reaction  of  nitrous  anhydride  thus  formed  with  forth er  portions  of  sulphurous 
oxide,  it  is  reduced  to  nitric  oxide,  while  the  sulphurous  acid  is  oxidised  to  sulphuric 
.uid  aoeozding  to  the  equation : 

SO,  +   NA   +   H,0  =  ®H*}Oj  +   2N0. 

S.  Conyefnon  of  the  nitric  oxide  into  nitrous  anhydride  by  contact  with  atmo- 
cleric  airaeoording  to  the  equation  2N0  +  0  »  N^O,.  In  this  way  the  substance 
is  reproduced  which  acts  upon  sulphurous  oxide  in  the  manner  above  described. 

The  important  fact  that,  in  the  lead  chambers,  nitric  oxide  gas  is  oxidised  to 
nitrona  anhydride,  and  not  to  nitrogen  peroxide,  has  been  confirmed  by 'Winkler,  who 
has  proved  that  in  presence  of  sulphuric  acid,  nitric  oxide  is  never  oxidised  to  nitro- 
gen peroxide,  but  always  to  nitrous  anhydride. 

Accordingly,  nitrous  anhydride,  and  not  nitrogen  peroxide,  must  be  considered  as 
tti-  medium  by  which  oxygen  is  transferred  from  atmospheric  air  to  sulphurous  oxide 
ill  the  manufacture  of  sulphuric  acid. 
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boiler  is  often  fitted  above  IhiB  furnnce,  s 
and  faraJBli  tho  steam  required  in  the  cbumb^r.  The  raore  general'  pUo,  howerer,  k. 
ID  have  Bt  least  nn  additional  boiler  readj  to  do  duty  in  eoM  of  repairs.  The  adil 
Tsponr  ot  tbe  chHmbers  is  preventod  from  getting  into  the  boilec  by  a  valve,  which  ia 
opened  by  the  aleiim  escaping  from  the  boiler,  but  preventa  the  Hccesa  of  Kas  Itom  tha 
cbftmbers.  Tbe  figure  repreiiButs  t\ro  fumncea  for  the  production  of  aulphurouH  add; 
ens  shomi  in  section  (a),  the  other  io  elevation  with  a  eliding  door  (n).  The  gas  tram 
^e*e  fumaceB,  conaisting  of  sulphurouR  acid  and  air.  escapes  through  tbe  tubes  (bb)  and 
(cc^intoasiiiBUIe»dcbainbec(d'c'),Bnd  from  thonceintothe  first  lend  chBmbor(B').  The 
tubes  (cc^  and  (D)haTea  sectional  area  double  that  of  the  tubes  (br),  since  they  hate  to 
convey  the  entire  qu;iutity  of  gas  passing  through  a  and  b,  Tbe  tulJe  (c)  is  sufBcientlj 
high  to  cause  a  draught,  by  which  the  gas  is  drawn  forward  trota  the  siilpbitr  bmiiar* 
The  dranghC  is  further  increased  by  passing  a  jet  of  steam  in  tbe  direction  of  9  iiiU> 
the  cbunber  (b')  and  another  through  a  pipe  (c")  into  the  chamber  (c"o').  Tbe  gM  pUMs 
tiom  tbe  first  chamber  (h^  through  the  pip«  (b")  into  the  second  chamber  (^),  whcm 
MonewarediBbes(^^)  are  placed  terrace-lite  above  one  another,  into  which  nitne  uad 
is  supplied  from  vessels  (/)  ontAde  the 
chamber,  and  ovcrfiowsfTOm  Ihem  so  u  to 
offer  an  eitouded  surface  to  the  gas  in 
.1.     L      !.__     ipi^^  supply  of  nitric  add 


either  c 


tbe  1. 
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bctWBen  the  acid  holders  and  tjie  d 
bere,  whichalloWB  about  11  Ibe.  of  nitrie 
acid  to  fiow  into  the  chamber  even  half 
hour,  or  whatovfr  quantity  may  be  re- 
quired. This  apparatus  conmsta  of  b 
vessel  into  wiich  nitric  add  is  permitted 
to  fiow,  and  from  wliicb  it  cannot  ea^a 
until  tiie  acid  has  reached  the  level  tt 
tbe  discbarffe  aperture.  The  diBchaigi 
F,o.  50.  's  reRulHted  by  a  syphon  arrangeanent, 

so  that  when  it  has  ones  begun  it  doM 
not  ceue  nntil  the  vessel  is  emptied.  Although  nitric  acid  is  conslandv  dropping 
into  tfa)snMeI.  the  discharge  is  intemipted  while  it  is  bfing  filled,  becaoee  the  s^ra 
la  then  filled  wi'i  air.  -"^ 
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1^  a  nnmbar  of  Tsrtieal  tabe*  of  stoneTsre  haying  u  funnel-fbnpeil  mauth  prOTJiled 
with  B  lip.  TbeM  tubas  are  ammgBd  like  tbe  pipra  of  an  organ,  along  the  aides  of 
lb*  saeood  chuDber.  The  nitric  luid  is  sapplieil  f^m  Tenuis  outride  Ihe  cbsmber 
iato  tlM  tallsrt  t£  them  tubw,  and  irhuD  that  in  full  it  flava  into  tbe  next,  and  so 
oo,  BDtil  it  naehes  the  lowert  (»").  Id  ita  long  paannge  from  the  flrat,  to  the 
latt  of  tbe  tubes,  the  nitric  acid  eiposei  a  cocaiderable  surface  la  the  surroiuiding 
fYjaia  at  salphurons  ncid,  air,  and  ateain,  and  is  to  a  great  pitent  reduveil  to  nitric 

Eincfl  the  nilpbnric  acid  formed  in  this  chamber  contAina  mnch  nitric  ncid 
■ad  other  oxidea  of  nitrogen,  it  is  conducted  bsck.  thraugh  a  pipe  («'«,  %.  48)  into  the 
flnt  chunbar  (^  the  floor  of  which  ia  somewhut  lower.  Here  it  1b  exposed  to  a 
bob  mixtnie  of  guea  coutainiog  a  large  amount  of  aulphnrDDa  acid  vhicb  reduces 
lbs  Bibrie  add  contained  in  it.  Ftodi  this  chamber  the  sulphuric  acid  ia  conducted 
dnoagfa  a  tDbe(//^  into  the  third  chamber  (F),«her8  the  whole  of  the  acid  produced  by 
the  Sanaa  of  ehuDb«rs  st-entnally  collecta,  and  from  whence  it  ia  drawn  off  at  iulerrnla 
or  in  a  eontiiiiKnis  streain.  Tbe  floor  of  this  chamber  is  tharefore  lower  than  that  of 
tbs  olhrrebaDibaia.  Thegss  escaping  from  lbs  chBmber(^  also  paaeea  through  the 
tobafi^  into  the  larger  chamber  (f).  only  theends  of  whichare  abown  in  figa.  48  and 
4B.  Ia  oidaT  to  increase  the  dmught  neceasai;  for  the  completa  mixing  and  decom- 
jTii<"™'  of  tbe  gas,  a  jet  of  steam  is  passed  into  f,  in  the  same  direction  as  the  gas 
tnrels  ;  while  at  the  bottom  of  the  chamber  there  are  aeveral  tubes  {h  h"),  which 
sapplj  Ibe  ataam  required  for  the  production  of  sniphoricacid.  The  most  jiidicioua 
■BMot  of  these  steam  tubes  iato  fit  them  in  at  the  sides  or  roof  of  th<'  chambers, 
o  aroid  j<nnta  at  the  bottom.  The  gas  that  is  not  condensed  in  this  chamber 
pasNa  tbroBg4>  >  (<■''<  (oo")  into  a  fourth  chamber  (h),  into  which  at«im  ia  po^aed 
■■  bstDtB,  both  in  the  direction  of  the  gasea,  and  also  through  a  tube  (h")  fltted  in 
filter  the  ads,  lop.  or  bottom  of  the  chamber.  The  goa  then  passes  through  the 
tnba(^B^intOBeloaadr«serToir(i(K),  fnmighHl  with  partitions,  in  which  it  circulates 
before paasingthrongh  the  tu1)e(K"]  into  Ihe  fifth  chamber  (h*).  Steam  in  passed  into 
(tis  ehaabar  to  fbiee  the  gaa  into  a  socuod  reaerroir  (ic'  u^  similar  to  the  Inat.  and 
tbta  it  either  escapes  through  the  tube  (ix)  direct  into  tbe  atmosphere,  or  through 
(ij^into  an  apparatus,  nhers  the  remaining  portion  of  nitrous  gaa  is  condensed. 
lbs  tabs  condncting  the  gas  into  the  air  or  into  the  condenser  is  fumislied  at  (])  with 
M  anat«eai«tit  for  ngulatii^  the  rate  at  which  the  gaa  pusea.  This  ia  effected  b} 
■ana  tf  a  boriMDlal  partition  fitted  into  tbe  box,  and  perforated  with  round  holes 
SB  wdt  vidsk  the  joint  ans  of  which  exactly  corresponds  to  tbe  sectional  area  of  the 
tilis;  n*  nta  at  paawgs  of  tha  gas  is  ngalai^d  br  cloning  theaa  hdes  with 
12 
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leaden  plo^,  the  legalator  for  this  purpose  being  famished  with  a  wooden  door 
covered  with  lead« 

Condensation  of  the  KUrr^us  Gae  (containing  nitrogen  peroxide  and  nitrous  anhydride), 
eseaping  from  the  dumber. — The  gas  escaping  from  the  chimney  (ik)  still  contains  oon- 
siderable  quantities  of  nitrogen  oxides,  which  would  be  lost  if  not  condensed  by  means 
of  a  special  apparatus.  An  apparatus  for  this  purpose  was  invented  by  Oay-Lossac ; 
its  construction  is  represented  in  fig.  49.  It  consists  of  a  cylinder  (j'j),  into  which  the 
gas  passes  from  the  tube  (j O  ^^^'  having  circulated  through  the  reservoir  (m'iO*  '^^ 
cylinder  has  a  perforated  bottom  supporting  a  column  of  pieces  of  coke.  Solphnrie 
acid  of  sp.  gr.  1*690  to  1*727  is  allowed  to  trickle  slowly  from  the  resenrmr  (mj  otw 
the  coke,  its  equal  dispersion  being  secured  by  means  of  a  cup  (I),  divided  into  two  parts 
by  a  partition  parallel  to  its  axis,  and  turning  on  an  axis  on  wnich  it  oscillates  between 
two  cross-bars.  When  one  division  is  filled  with  sulphuric  add,  it  top^efl  over  and 
emptiefl  itself,  and  the  acid  flows  into  the  other  division,  and  so  on.  The  snlphiirie 
acid  flowing  down  over  the  coke  meets  the  ascending  chamber  gas,  and  absom  the 
nitrogen  peroxide  and  nitrous  anhydride,  and  the  ma,  which  then  contains  onljr  tbej 
sUght  traces  of  nitrons  gases,  escapes  through  the  chimney  (o).  The  amount  of  nitvoas 
gases  absorbed  amounts  to  8|  per  cent  Since  the  absorption  of  the  nitroms  oasct  Is 
more  complete  in  proportion  to  the  diyness  of  the  gas,  it  is  passed  through  a  layer  of 
concentrated  sulphuric  acid  in  the  reservoir  (m'  x^  before  it  enters  the  flny  mnnfi's 
condenser. 

The  sulphuric  acid  which  collects  on  the  floor  of  the  cylinder,  and  contains  dis- 
solved in  it  nit«^n  peroxide  and  nitrous  anhydride,  is  conducted  for  further  use 
through  a  long  tube  into  the  reservoir  (i"),  and  is  pumped  from  thence  into  anothsr 
reservoir  (p).  From  p  this  acid  flows  into  the  vessel  (q},  and  from  thence  throu^  a 
funnel  andfa  swinging  cup  similar  to  the  one  marked  /  into  the  anterior  chamber  (ci^d^. 
The  acid  trickles  down  over  tho  shelves  (c*,  c^,  c*,  c^)  to  the  floor  of  this  chamber, 
finding  its  way  eventually  into  the  first  leaden  chamber  (b*).  The  shelves  (c*,  c*,  c*,  (T) 
serve  to  present  a  large  surface  of  the  acid  to  the  joint  action  of  the  sulphurous  add 
and  air  passing  into  the  anterior  chamber  (c",  c^),  tJ^ugh  the  tube  c  c',  and  Uie  steam 
let  in  at  c".  The  nitrous  gases  contained  in  the  sulphuric  acid  are  thereby  reduced 
and  the  sulphurous  add  oxidised  to  sulphuric  add.  By  the  use  of  this  apparatus 
oxides  of  nitrogen  are  again  rendered  serviceable,  which  would  otherwise  be  lost)  ajid 
bo  injurious  to  the  neighbourhood  surrounding  the  manu&ctory. 

Modifications  in  thb  Apparatus,  etc.— Since  the  introduction  of  the  mannfiu;- 
ture  of  sulphuric  add  on  a  large  scale,  many  improvements  have  been  made  in  the 
details  of  the  chamber  system,  the  most  important  of  which  are  the  following : 

The  Sulphur'Sumer  or  Furnace, — These  furnaces  have  various  forms  and  arrange- 
ments. In  thoir  construction  it  must  be  remembered  that  the  combustion  of  100 
pounds  of  sulphur  per  day  of  24  hours  requires  a  burning  area  of  about  6  smiare 
feet.  Consequently,  the  number  of  such  burners  depends  upon  the  extent  m  the 
manufacture.  In  many  works  four  or  six  sulphur  furnaces  are  employed,  their 
gaseous  products  passing  into  the  chambers  through  a  common  tube. 

Since  it  is  important  that  the  combustion  of  the  sulphur  should  admit  of  being 
regulated,  so  as  to  avoid  the  too  rapid  supply  of  sulphurous  oxide  to  the  chambers,  and 
to  prevent  its  entering  too  hot,  some  sulphur  burners  are  furnished  with  an  arrange- 
ment for  admitting  cold  air  beneath  the  iron  plate  upon  which  the  sulphur  is  burnt 
The  grating  admitting  air  into  the  fumnce  for  the  combustion  of  the  sulphur  is 
fumisned  with  a  register  for  regulating  the  draught. 

In  some  works,  for  instance  one  nt  Ck)rbetha,  near  Weissenfels  in  Prussia,  the  gas 
from*  the  burners  is  passed  through  a  long  brick  flue  furnished  with  partitions,  in 
order  to  cool  it  sufficiently  before  passing  into  the  lead  chambers.  In  Kuhlmann's 
works,  the  sulphur  is  burnt  in  cast-iron  retorts  having  a  hemispherical  cross  section. 
Eadi  Aimace  holds  four  such  retorts,  the  retorts  having  a  door  in  front  for  charging 
with  sulphur,  and  regulating  the  draught,  the  gas  escaping  from  an  opening  at  the  other 
extremity  and  passing  through  long  tubes  into  a  suitable  cooling  chamber.  In  other 
works  the  sulphur  burners,  instead  of  being  surrounded  with  brickwork,  are  fitted  on  one 
or  two  sides  with  cast-iron  plates  which  serve  to  cool  the  gases  to  a  considerable 
extent 

Veiy  well  worth  notice  are  tlio  so-called  continuous  burners,  in  which  a  constant 
and  uniform  combustion  of  sulphur  to  sulphurous  oxide  is  effected. 

In  a  burner  of  this  kind  invented  by  Petrio.  a  cast-iron  plate  with  the  rim  bent 
upwards  is  supported  on  brickwork,  and  forms  the  floor  of  the  burner.  Openings  are 
left  in  the  brickwork  basement,  so  that  when  necessary  air  can  circulate  under  the 
iron  plate  to  cool  it  The  cover  of  the  burner  consists  of  an  iron  plate,  also  with  a 
rim  bent  upwards,  into  which  ii-Hter  is  poured  to  cool  the  gases.    The  burner  has  a 
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door  in  front  for  admittiiig  the  air  necessary  for  combustion  ^nd  for  the  removal  of 
the  burnt  renduea.  Opposite  the  cast-iron  plate  which  forms  the  hearth  of  the  burner 
is  a  grate  forming  with  the  hearth  an  angle  of  about  45°,  upon  which  the  sulphur 
to  be  burnt  is  placed.  This  grate  is  heated  by  the  combustion  of  the  sulphur  in  the 
burner,  causing  the  snlphur  laid  on  it  to  melt  and  trickle  down  upon  the  iron  plate 
below,  where,  coming  into  contact  with  atmospheric  air  from  the  door  in  £ront  of  the 
famace,  it  is  burnt,  and  by  its  combustion  generates  heat  enough  to  melt  a  fresh  por- 
tion of  the  Bolphur  in  the  grate  above,  so  that  in  this  way  a  continual  supply  and 
combustion  of  sulphur  takes  place.  The  gaseous  product  of  combustion  escapes  into  a 
long  brickwork  flue,  where  it  is  cooled  before  passing  into  the  lead  chambers.  In 
order  to  prerent  the  grating  from  being  too  strongly  heated  and  the  sulphur  from 
itiAltiwg  too  rapidly,  a  screen  of  sheet  iron  is  placed  parallel  to  the  iron  hearth  between 
it  and  the  grate.  Up  to  the  present  time  it  has  not  been  found  possible  to  construct 
the  burners  so  as  to  insure  a  perfectly  equal  flow  of  sulphur. 

Blair  has  constructed  an  apparatus  depending  upon  other  principles.  The  action  of 
his  burner  depends  upon  the  sulphur  being  vaporised  in  a  separate  chamber,  and 
then  burnt  in  another  chamber,  the  sulphurous  oxide  and  air  being  then  passed  into  a 
chamber  immediately  above  the  combustion  furnace,  in  which  the  nitrous  vapours  are 
erolyed,  the  mixture  of  nitre  and  sulphuric  acid  being  charged  into  this  chamber  from 
the  side,  either  in  pots  or  small  trucks.  The  quantity  of  air  admitted  into  the  chamber 
where  the  sulphur  is  vaporised  is  just  sufficient  to  produce,  by  combining  with  some 
of  the  sulphur,  heat  enough  to  vaporise  the  remainder. 

I¥oduetion  of  Sulphurous  Oxide. — The  use  of  sulphur  for  this  purpose  has  been 
laigely  saperseded  by  the  production  of  sulphurous  oxide  by  roasting  native  metallic 
snlphides,  which  now  constitute  the  chief  source  of  the  sulphur  used  in  the  manufac- 
toze  of  sulphuric  acid.    (See  antCt  p.  107.) 

Among  the  diflferent  native  metallic  sulphides,  iron  pyrites  is  so  abundant  that 
it  is  Uigely  employed  in  the  manufacture  of  sulphuric  acid.  Copper  pyrites,  or  at 
least  pyrites  containing  copper,  is  also  roasted  for  the  preparation  of  sidphuric  acid 
MM  well  as  blende. 

Asraming  that  pyrites  contains  on  the  average  47  per  cent,  of  sulphur,  this  would  re- 
present from  40  to  42  per  cent  of  sulphur  available  in  the  manufacture  of  sulphuric  acid. 

The  amount  of  sulphur  in  pyrites  varies  somewhat  considerably  according  to  the 
locality  from  which  it  is  obtained.  Pure  iron  pyrites  contains  53*33  per  cent,  of 
sulphur,  but  it  is  never  found  of  such  purity  in  great  quantities.  Besides  this,  the  ad- 
mixtures occurring  in  pyrites  which  lessen  its  amount  of  sulphur  may  sometimes  have 
a  directly  iiyurious  effect.  Among  these  are  the  compounds  of  arsenic  which  pass  over 
into  the  sulphuric  acid  itself  and  lead  compounds  which  retain  the  sulphuric  acid,  etc. 

A  further  point  of  importance  in  the  use  of  pyrites  is  the  nature  of  the  burnt 
pyrites.  In  many  cases  this  is  not  further  worked,  but  it  often  happens  when  copper 
pyrites  is  used  that  the  roasted  material  may  be  profitably  worked  for  copper.  Some 
sulphuric  acid  works  indeed  are  supplied  with  pyrites  almost  gratis  by  the  proprietors 
of  copper  works  in  exchange  for  the  burnt  pyrites.  The  burnt  pyrites  is  also  often 
worked  for  green  vitriol  and  for  Nordhausen  sulphuric  acid. 

The  use  of  pyrites  as  compared  with  sulphur  nas,  however,  many  decided  disadvan- 
tages which  must  be  t'tken  into  consideration.  The  acid  obtained  from  pyrites  is  not  so 
pure,  generally  containing  much  arsenic ;  the  loss  of  chamber  gas  is  greater,  owing  to 
tlie  laiger  quantities  of  air  employed ;  more  especially  is  the  consumption  of  nitric 
add  greater,  being  nearly  50  per  cent,  more  than  that  required  when  pure  sulphur  is 
burnt.  The  process  is  more  difficult  to  regulate ;  the  pipes  or  tubes  conducting  the 
gas  from  the  furnaces  to  the  lead  chambers  must  be  of  greater  length,  on  account  of 
the  high  temperature  required  for  roasting  the  pyrites.  Another  point  of  very  great 
importance  in  the  use  of  pyrites  is  that  the  leaden  chambers  last  on  an  average  little 
uTcr  a  third  as  long  as  they  do  when  sulphur  is  used. 

As  already  mentioned,  pyrites  varies  in  value  according  to  locality.  The  chief 
pyrites  deposits  are  the  following :  Spain ;  from  Tharsis,  province  Huelva  and  Sierra. 
llie  pyrites  found  here  contains  from  46-60  per  cent,  sulphur,  and  from  3-6  per  cent. 
copper.  Portugal :  province  Alemtejo.  This  pyrites  has  the  same  composition  as 
that  fbnnd  at  Huelya  in  Spain,  and  forms  a  continuation  of  that  bed.  France  has 
large  beds  of  pyrites  in  the  Rh6ne  and  Gard  departments.  This  pyrites  is  worked  in 
France  at  Chessy,  St.  Fonds,  St.  Christ,  Oseniic,  Pontet,  as  well  as  at  Chauny,  Miihl- 
bt"— ",  Mannheim,  Thann,  Dieuze,  Lille,  Kouen,  and  Paris.  It  contains  from  45-47 
percent,  of  sulphur,  and  yields  from  120-1 26  per  cent,  of  sulphuric  acid  of  sp.  gr.  1*767. 
The  copper  amounts  to  3  or  4  per  cent.,  and  this  metal  is  worked  up  on  a  large  scale, 
espedallj  at  diessy.  The  pyrites  from  Alais,  departement  du  Gard,  contains -j^^  part 
of  gold.  The  Belgian  pyrites  from  the  provinces  Namur  and  Li^ge  contains  from 
47-49  per  cent  sulphur,  and  also  as  a  rule  much  arsenic.   Pyrites  is  found  at  CVuic\«co\ 
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at  Mciggan  in  Weatphalia.   Tha  amoutit  of  ■nlphni  i: 
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not  eicced  44  per  cant.,  &nd  ii  genarall;  ooiy  30  per  cent.  The  amonDt  of  ec^per 
eontainad  ia  tha  Irish  pTritei  mries  betreeo  ^  and  1  (  per  cent.  Norwaj  oomtaam 
vtrj  liurge  beds  of  pyrites,  jieldiog  ss  much  as  Ii  per  cent,  of  Bnlphar.  Italj  hat 
also  eoninderable  pyntical  beds.  SL  Domingo  exports  to  this  conatrj  copper  pjritaa 
containing  from  3f-4  per  cent,  of  copper. 

Pelonie  detennineE  the  nmonnt  of  sulphur  in  pyrites  by  melting  it  with  potaasiui 
chlorate,  sodinm  chloride,  and  an  axactlj  wnghed  quantity  of  calcined  soda,  whidi  is 
partly  conrerted  into  sodium  sulphate  and  the  remainder  in  titntcd  with  normal  acid. 
Lunge  oxidises  with  concrntratod  nitric  acid;  De  Ricqlis  with  nitric  acid  and 
potusinm  chlorate,  precipitating  the  anlphoric  add  with  barium  chloride.  Acc<«ding 
lo  Anthon  the  amouDt  of  pure  pyrites  in  a  sample  of  ore  may  be  sscartained  from  iti 
speciflc  gravity. 

Before  pyrites  is  roasted  it  roquiree  breaking  op  into  eqaal  piece*  ftom  1 1<  " 


inches  in  diameter,  bo  that  the  air  penetrates  a  layer  ol 


I  depth. 
Well-n: 


Fia.  61. 


ir  33  inchaa 

rfell-nrninged  roastiog  famaces  only  require  to  be  heated  with  coal  or  wood  at 
the  beginnini;  of  the  operation,  the  heat  neceasaiy  for  the  continuation  of  the  pn>cesB 
being  furnished  by  the  combusiion  of  the  p3iriteB  itself.  The  construction  of  the 
nMstJng  furnaces  raries  vith  their  age,  the  kind  of  ore  to  be  roasted,  and  the  amonnt 
of  beat  rrqatred.  Pyrites  that  hiis  afterwards  to  be  worked  for  copper  is  not  loaatad 
at  10  great  a  heat  as  that  containing  little  or  no  copper. 

SiafI  Fttniacei  or  Kiln*. — Figs.  61  and  52  represent  a  very  simple  kind  of  fnmac* 
tot  roasting  pyrites.    This  consists  of  the  fire-place  (a),  with  strong  horiEOOtal  gmtc^ 
^^  surrounded  by  thick  britiwork. 

In  Older  to  set  the  fumaca  going. 
It  IB  heated  to  bright  redness 
lutemally  with  fnel,  and  pieers 
of  pyrites,  in  smalt  quantities  at 
a  time  are  then  thrown  in  through 
the  lining  (e),  fresh  portions 
beiQg  added  according  to  the 
rate  of  combnstioaatthe  aurface, 
until  the  layer  of  pyrites  is  aboBt 
32  inches  high  Air  passea  into 
i*"  the  fomaco  throogh  the  open- 
ing A  fig  62  its  passage  being 
regulated  by  the  damper  (b). 
The  roasted  pieces  of  pyrites  are 
poked  down  with  a  rod  thrust 
between  the  ban  of  the  grst«,  whereby  the  ciccnialion  of  air  is  agsisted.  At  arerjr 
e — k  .k — :-g  ^g  lower  opening  is  closed  by  letting  down  the  damper  B,  so  as  to 
cause  the  draught  to  enter  fhr  a 
moment  through  t,  and  thatebj 
protect  the  workman  f^m  the 
TBpoora  The  gaseous  piodnet 
of  combustion  escapea  tbnni^ 
the  tube  i.  A  number  of  for- 
naca  of  the  kind  (a  d  o  d  ■  r. 
fig.  63)  are  built  round  a  commtMl 
chunney  (/),  through  whii^  tlw 
gas  posies  into  the  lead  ehaiB' 
ben.  The  chimney  (/)  must 
be  also  in  eommnnication  with 
the  air,  so  that  the  smoke  boiB 
the  fiiel  nsed  at  the  beginning 
of  &t  operation  may  escape. 

The  arrangement  shown  1^ 
figs.  64,  bb,  and  66,  used  at 
Chessy,  is  of  similar  cotutroc- 
tion.  Aaarethepyritesfiimacea, 
sixteen  of  which  are  amused 
aroand  a  chimney  (h).  This  chim- 
ney is  formed  of  Are  brieka  below, 
and  of  a  east'iion  tnbe  (i,  flg.  U), 
andingin  a  tubeof  ihMtbat  (Jt) 
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taiag  iDlo  tha  lead  chambec  at  i.    Tbs  fire-place  at  each  fonuue  u  5  [««t  long,  IS 
inchMwida,  Md  to  inches  higli.  Beneath  axe  lateral  openings  {bb.tig.  66),  each  8  iochai 


■id*  and  10  tnclwi  high,  closed  b^  doora  of  sheet  or 

hs  traiDmld  bds*  abonC  ^  inch  vide,  far  admitting  oi 
^■•TTMtiradinittiiip  tiiechorg     --      -         -" 

togMhar,  and  eommnnicate  with  o:  „  ^     ■,      , 

caHbnttMD  gM  [HI  Ml  III  from  IheseflnMi  through  the  tannel  (b,  Sg.  66)  into  the  chimneT(B). 
Tb*  dompas  (a  a'  a'  a"^  ore  for  the  pnrpoie  of  rpgnlatlng  the  drangbt  of  each  fdmoce. 
AboiiptlMOMningof  thesidetnimelgin  the  large  cbimooy  is  a  perforated  Bre-cl>j  plate 
4]  inchw  uiidu  and  corered  with  pieces  of  coka  or  bricks.  Birring  to  retun  the 
^Mk*.  Wbsn  it  is  dennd  to  nt  theen  pyntes  farnacee  going,  the  elbow  (j.  fig.  6fi)  which 
ui—slI*  the  dliinnsT  with  the  lead  chamber  is  removed,  and  each  fiirnace  ie  charged 
witll  a  kjar  of  bunt  pfrites  to  n  height  of  aboat  2*  inches  in  snch  a  manner  t£at 
it  uaka  WwMds  the  discharge  aperture.  The  oext  thing  to  be  done  is  to  throw  in  di; 
hsl,  to  ^at  tbe  fomace  to  brieht  redaeas,  to  remove  the  Htill  glowing  coals,  Mid  to 
ckorgB  tb«n  with  abont  1  cwt.  of  pyrites.  When  the  fnniacee  hare  been  thni  set  in  opers- 
tien,  the  sibov  (i)  is  again  fitted  on,  and  luted,  and  fresh  ehargea  of  t  cwt  at  a  time 
B*  added  at  intarrala^  three  hoars.  At  intern]  g  of  twelTe  hours  the  roosted  product 
■•iMBond  tluoDgh  the  openinge  A  2>.  ShonldthetemperatuTeof  anjoneotthefimtcee 
^at  too  hi^  the  nastad  product  ia  removed  after  eight  hours,  and  by  opening  one 
rflkadoon  (ft£)the  tampenlurc  is  lowered  loared  glow,  >o  Bs  to  prevent  the  pjrites 


■  Mac. 
Albrtb* 


Albr  tb*  hsatipg  of  the  liitecn  fomaceE  the  pyiites  boms  withontany  ftiel.  This- 
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fiiiDsce  anangemcnt  of  niteon  forttoeM  ndmila  of  tbe  nnatiiig  of  6}  tons  of  ijjiitM 
emj  21  houn,  and  Mgantaing  that  to  contain  10  per  cent,  of  aniiJablfl  •al[ilitU',  itcor- 
leaponds  vitll  7)  tonsof  unlphnricocid. 

Freiberg  Fgriltt  Bunur.— This  biis  a  form  something  like  a  bla«t  fnfflSOe ;  the 
health  is  uched  like  a  saddle  and  ini^lincE  towanis  the  diacharge  apertnre. 


-T^ 


been  brought  to  a  red  host,  the  pjiitH 

irown  upon  tlie  grate  (a)  in  a  Uj«» 

k  cnou^l  Id  effect  the  coatmnatioD  of 

combust  on  without  the  further  Die  el 

1      The  calc  ded  product  falls  lluoa^ 

b(  rs  of  t]  0  Rrato  into  the  aab-pit  (l). 

I  gaEcous  products  of  combnstion,  em- 

ng  of  su  phurona  oiide,  nitrogen,  aic, 

CM  pc  over  a  brickwork  partition  into 

ni    r(c)  whoreftnumberofcart-iion 

)   1    rgtrd  witti  nitre  and  Bulphorieaeid 

plHC   I    n  order  to  be  heated  bj  the 

gas.  Instead  of  pole,  pans  of  cast  iron 

arc  aometimes  omplojred.      Tbe  oitnni 

FiQ-  60.  TiipouTs  thcrelw  evolved  mis  with  Uia 

otbcr  gHE.  whiijt  passes  throngh  a  brick- 

k  Sue,  indicated  in  the  figure  lij  dolled  lines,  and  Uirongh  ■  into  a  reveTberatorj 


MANXIPACTUBB  OF  SULPHURIC  ACID. 


121 


«  (d),  vfaare  on  dart  eu  be  nwrted.  Fram  theoea  tha  gas  escspts  thiongh  th« 

ntal  floe  into  tlie  chief  chimDcj,  and  flnoll;  into  the  lead  chamben. 

Mm^hj  inummiiiaDtA  hAva  rectntlj  been  mode  in  pjriif  ■  furnaceB,  vith  Uia  oHed 
gflttctiiiKmon  perfect  caldoBtion  of  the  pyrites  ana  greater  cconomj  of  heat.  ^ge. 
SS,  M,  «iia  M  mimwint  a  pyriUe  fnniace  employed  at  the  earn*  time  for  ooneontrating 
lbs  dumber  add  to  sp.  gr.  IBfi.  a  i  are  a  couple  of  calcining  ftimacefi,  the  armnge- 
neot  of  the  grate  of  which  preaenta  characteriBtic  featnreB.  This  gntte  cocBists  of 
■qnara  iron  ban,  the  rides  <d  which  aie  each  1|  inchee  vide.  The  soda  of  these  bare 
SI*  nnmded,  ftod  they  lie  io  ling^haped  iion  frames,  in  which  they  can  be  turnnl 
bj  DuAu*  td  B  kev.  When  the  bus  lie  so  that  two  of  the  sides  are  Teitical  and 
Ito  bocUootal,  ana  tha  comspondii^  sidea  of  all  the  bars  are  parallel,  the  distance 
brtween  emdi  pail  of  bars  is  l}  inches,  sufficient  to  allow  theniastedpieaea  to  pass  down 
bctvwn  the  bu*  inCa  the  ash  pit ;  bat  when  all  the  bare  are  turned  45°,  the  distance 
lotveen  a«eh  pair  is  not  more  thsji  half  an  inch  ;  and  this  laaaanE  the  draoghL  The 
grata  bare  Muh  a  length  of  6|  feet  and  a  width  of  39  feet  The  entire  charge  of  thr 
fonace  amtnmta  to  8  cwt.  of  pjritM,  eight  charges  being  thrown  ia  in  toe  courss 
of  14  h<mt*,  in  cha^M  of  1  ewL  at  a  time  and  at  interrols  of  3  hours  between  each 
diarge.  Tha  pnitaa  ia  thrown  in  through  the  doors,  at  tba  apper  part  of  the  arch  of 
each  fBraaee ;  Uie  caloned  naidoes  beios  drawn  out  through  the  doors  of  the  sah-pit. 
The  doon  of  the  aah-pila  af«  ftmishea  with  holes  1}  inches  in  diametw,  through 
which  til  pnairn  under  tha 
gral«,  tha  draoght  being 
npilated  by  opening  or  dos- 
ing the  hues.  The  entire 
chjaige  lemains  in  the  fiimace 
1)  to  S  fM  high  for  48  honn. 
ns  guMMH  predoetaof  o — 


enpe  thmgh  thef 
(cclinto  a  bocixntal  Bne  (n). 
Rgr  «1  ud  aSrepreMmt 
aa  antin  sjMem  of  pyrites 
b«ra«n  of  Iha  abore  kind, 
rnnnected    with    the     lead 


Iba  gBMB  combine  and  a 
qsMiU  of  flw-dnrt  collsda ; 
cu  dbaw  of  cart  ime.  fitted 
into  a  Indan  flange,  through 
^aet  the  fisia  ara  conducted 
into  the  flm  nnall  lead  cham- 
b(T  (n),  which  aarr^s  to  oon- 
dMM  aneniesl  Tawnr,  nt 
the  rnM*  tima  the  flne-dnat, 
which  eontaiu  aaleninm  and 
thalUoB.  ia  ban  dapoaitrd, 
Fram  thii  chamber  the  gas 

r»  into  the  aecond  dum- 
(■,  Ig.  62),  and  cornea 
into  cootaet  with  aitrie  acid, 
tiicUing  down   in  a  lariaa 


Ihut.  —  Many   propositioiia 
hsT*   barn    made  with    the 


dMt  ia  miaad  with  day  into 

wnd  Inrnp",  or  briefca,  dried  and  burnt  in  the  orditiiirj'  pjiritc!)  furu^u-ua.  Thia  plan 
^  tba  dndrantago  that  the  brieki  or  lumps  am  apt  to  crack  and  crumble  when 
'  ig  np  the  grata  and  preventing  doe  drculatioD  uf  air. 
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FigB.  63  and  64  rflpreeent  a  calcininf;  furtiace  foi  ore  dolt  eoattralAtA  by  Olilriw 
and  Peuret.  The  oro  dast  is  sprBsd  upon  six  Cray's  (c  c*  c"  c~  c<  c*),  thnmgh  Uie  opea- 
ingB  Iffg),  vhicb  sro  closed  daring  the  routing,  and  is  beatsd  by  the  eniMilt  of  hat 
ur  ODd  snlphuTQUK  add  paning  up  feim  the  grate  (h)  of  the  furnace  (l),  vhrae  tbs 
pjritffl  IB  hanst.  The  gasee  escape  through  the  nppermaet  divialoQ  (d)  ttti  lbs  Am 
(!>')  into  the  chtmnry.  from  vhence  they  aro  pawed  into  the  lead  chtunbtig.     If  atasf 


Fia  63 


Via.  64. 


^Om 


period  of  the  oppratiou  the  roastiDg  pjntes  Bhould  bare  nisM  ,  .  _    _ . 

Airnace  too  much  or  bave  absorbed  all  the  oiygeo,  sir  is  niliffitfj^  llmiMh  M 
opening  at  the  aide  on  n  level  with  the  third  tray,  in  proportjou  as  tiu  taSiAif 
progreaseK.  the  bard  calcined  maaa  la  pnahed  with  a  b«nt  rod  inmted  thion^  •¥_ 
into  a  rertical  flue,  and  falls  iah>  a  pit  beneath  the  furnace,  whanoe  ititrecMTMllfa' 
laleral  aperture,  Thie  roaatiMg  apparatia  ia  worked  at  Chea^,  St.  Bel,  wttt  A 
■omewhat  simiUr  arrangemat  baa  been  introduced  t^  Mr.  Hilli  tot  (jUlMjUif 
■nlphnr  From  the  ferric  oxide  tliat  hfta  been  used  for  purifying  coal  gta. 

In  Spence's  fnmaoe  the  dnat  ii  rtrewn  upon  an  inclined  iwtj^  ot  flm-dn  ddi 
80  to  100  feet  lonf;.  The  clay  alabe  are  beaCed  from  bencAth  by  dinct  m«,  thm 
ealdnatioD  being  efFeeted  by  paanng  a  current  of  air  over  the  hnted  pyiitM  Am^ 
irhich  is  spread  upou  the  beuUi  at  the  end  furthest  from  the  fire  in  a  layer  two  or 
three  inchea  thick.  After  some  time,  when  it  has  become  hot,  it  is  pnihsi  IbnpMA 
tOTaids  the  olher  extremity  of  the  hearth  and  a  fresh  qnantity  is  put  in  ita  plmti 
This  operation  is  repeated  at  intwrals  until  the  portion  i^  pyritca  fint  cpnid  cat  tbt 
hearth  baa  been  tianaferred  to  the  end  vhere  the  flre  is,  and  the  vbole  i^  tin  baaitb 
has  been  coTared  with  a  layer  of  pyrites.  The  length  of  time  that  mnit  elapse  baftn 
llie  ore  ii  pushed  forward  most  be  detannined  for  each  kind  of  ore  by  npeneiiea,  and 
it  should  be  regulated  so  tliat  by  the  time  the  ore  reacbee  the  further  end  of  liia  hwth 
the  snlphnr  should  be  completely  burnt  off.  Hits  roasting  fhmaco  ia  flgnnd  tind«c 
the  head  of  Copper  Smelting. 

In  preparing  many  ores  for  the  operation  of  smelting  the  removal  of  the  snIfliDr 
thej  contain  is  verr  often  a  necemary  preliminary,  and  in  moat  itutaaces  the  solphac 
ia  not  only  wasted  but  is  likewise  a  source  of  great  annoyance  and  injorr  to  the 
nsighbou^ood.  liierefore  the  adoption  of  some  auch  method  of  roasting  sulphantted 
oi«a  as  that  above  deacribed  would  be  attended  with  considerable  economy,  inaamudi 
as  the  anlphnroua  oxide  then  produced  could  be  converted  into  sulphuric  acid.  This 
fomace  requires,  however,  too  mnch  air  and  fool  to  render  it  pmctjcally  aufnl  and 


Qtralenhoefa't  E'iln.— This  kiln,  which  has  b  .  _..  , 

places,  serves  also  for  roastinp:  small  ore,  and  is  the  best  kind  of  kiln  at  prsaent 
known.  Fig,  66  ropn^onta  this  kiln  in  section  along  the  line  x  i  (fig.  66),  and  fig. 
6S  a  section  along  the  line  v  t  (fig.  SS)  ;  a  *  is  the  grate,  about  16  feet  wide,  Tt  feet 
deep,  and  40  feet  hieh.  The  small  ore  brought  in  npon  a  special  chargingcontrivaiiM 
falls  through  the  slit  (n)  upon  the  fire-clay  ban  (m),  or  ore  distribntors,  and  fromthew 
upon  the  first  row  of  ore  holders  (n).  from  these  on  to  the  second,  third,  and  tbllonng 
rows,  until  all  the  16  rows  have  been  paased.and  it  finally  falls  into  a  hollow,  whsnes 
it  ia  removed  through  a  side  opening  at  x.  In  order  to  aet  the  oven  going,  a  number 
of  grate  bars  (r)  are  let  in  at  i.  and  wood  or  other  fuel  admitted  at  h  is  than  bnnt 
apon  the  grate  thus  formed.    The  oveu  is  thus  made  red  hot,  and  when  the  om  b 


nnastodo  so  withont  ftarther  appliestioD  of  heat. 
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WImo  this  hag  bean  dooe  the  sntte  ban  (r)  ore  removod  aod  the  neceiurj  air 

(d).  Oppont*  na  vpfv  ni&ce  of  «ch  row  of  ore  beareis  la  a  flae  (6  A  i)  leading  ant 
fwili.  iiiil  iJiMirt  tij  kn  iran  b<»c(i;);  ta  the  middle  of  each  bozu  a  hole  closed  bj 


a  daj  ping;  thiMlda  whidi  theitat«  of  the  roasting  charge  ma j  be  obieTTed     Tlie 
n*  pHMi  from  Ua  upper  part  of  the  epen  (a)  into  the  vartical  fl      '-'    —'  ' 
'  Dto  Uig  diamban  (c  and  ■)  vbeM  the  fine  doit 


I*  lod  into  the  Titriol  chambera. 


Fin.  W. 


Fio.  flS. 


n*  faftber  eonnnion  of  the  tnlphntoiuoiideintaBDlpburicacid  iapeifornied  in 
the  mm»  -wKf  u  when  enlphnr  is  owd.  Hie  add  obtained  ii,  howerpr,  generatlj 
iiiiliwinariiil  lilh  ennnir  frnni  which  it  can  b«  freed  according  to  one  of  the  methoda 
ifa»riibli1  «■  P>8*  '^-  ^'^o'B  BCid  is  reqnired  abaolotel;  free  from  areenic,  prHtce  ii 
■ot  and,  pTRtM  bmnc  ontj  employed  as  a  sonrce  of  snlphuHc  Hcid  irhen  it  ts  of  do 
«gaMqaiDeawliatli«Uw  acid  WPtWD*  arsenic  OT  not,  as  for  iDstanco  in  the  preparation 
«t  WBwiplwjiia  1 1  ■.  or  of  Mdiiun  sulphate  in  the  m&nnjactare  of  eoda,  etc. 

8inea  the  priitaa  tuid  ■■  a  eonrce  of  ralphnr  in  the  manufsctnre  of  Bolpburic  acid 
gaBanlly  contain!  aa  much  as  40  p^r  cent,  of  iron,  the  residue  ieft  after  xhe  sulphur 
llM  b««a  bvDt  df  M  snlphnRnu  oiide  would  be  worth  working  as  an  iron  ore, 
•■d  IB  MMi  "■>■■——  this  baa  been  done  with  same  advantago.  But  besides  iron, 
7  at  the  different  kinds  of  pjiitss  worked  in  solpburic  acid  faclorie*  eon- 
Jm  anonnt  raning  from  a  mere  fraction  per  cent,  to  I'S  or  2  per  cant. 
The  residna  uom  the  pjrites  burners  is  therefore  frequently  aa  ridl 

.- -"-ktare  worked  specia]];  for  the  oxlnictioa  of  the  metAl,  and  on 

ion  of  eoppet  bos  become  an  important  feature  of  the  opemtiima 
n  in  ««rkl  ^tera  snlphuric  acid  is  manufactured  apon  a,  Ini^  sciile  from 

of  the  poisible  utilisation  of  the  snlpboroua  oxide  pn>- 

for  the  mann&ctnn  of  sutphnrie  acid,  oopper  smelting 

temerlj  i^aitD 


I  bnBcbsB  of  indnitij  which  n 
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distinct,  both  as  regards  localitj  and  tho  objivts  with  which  they  were  ca 
have  come  to  be  so  intimatelj  connected  togtnhcr  that  it  seems  a  question 
tlie  manufacture  of  sulphuric  acid  and  soda  in  the  districts  of  the  Tyne,  am 
Lancjishire,  or  the  smelting  of  cop^  in  South  Walcii,  may  not  eventually  be 
and  carrind  on  concurrently.  As  it  is,  the  extraction  of  copper  from  burnt 
carried  on  to  a  considerable  extent,  either  in  alkali  works  or  in  their  i 
proximity,  and  the  methods  by  which  this  is  done  will  be  described  in  tl 
treating  of  Copper  Smelting. 

Meiliodji  of  using  the  l^Urous  Gases. — In  many  works,  instead  of  liquid  n 
a  mixture  of  nitre  and  sulphuric  acid  is  usetl  in  the  burners.  For  this  pun 
iron  crucibles  filled  with  equal  parts  by  weight  of  nitre  and  sulphuric  %eh 
gravity  1*551)  are  placed  on  the  hearth  of  tho  sulphur  burner.  Tho  crudblee  i 

by  the  burning  sol] 
by  decomposition 
contents,  nitric  add 
peroxide,  and  nitre 
dride  are  eTolved, 
along  with  the  othe 
the  lead  chambers, 
ing  as  Chili  salt 
potassium  nitrate 
ployed,  sodium  sol 
potassium  sulphate 
behind  in  the  cmdl 
As  soon  as  the  d 
Uon  is  over,  the  cm 
removed  firran  ihib  h 
replaced  by  othen ' 
b€«n  fresh  char;|;ed. 
tassium  or  aodiiim 
is  removed  from  the 
when  cold,  and  a 
useful  application. 

The  mixture  of  i 
potassium   nitrate 
phuric  add  is  often 
Fio.  67.  into  the  burners 

trucks,  which  may  1 
the  furnace  (a),  depicted  in  fig.  67.  The  trucks  (cfitf)  are  made  of  cast  iron  an 
into  the  furnace  on  a  small  tramway  set  a  little  above  the  bed  of  the  burner, 
trucks  are  employed,  the  burners  are  generally  so  constructed  that  the  tn 
be  run  in  at  one  end  and  out  at  the  other. 

The  use  of  this  mixture  for  the  development  of  nitrous  gnses,  instead 
acid  itself,  has  some  disadvantages,  amongst  tho  most  import^int  of  w 
first,  the  fact  that  the  vapour  of  nitric  acid  in  the  nascent  state  partly  de 
into  nitrogen  peroxide  and  oxyjren,  thus  causing  the  transmission  into 
chambers  of  inactive  oxide  of  nitrogen,  and,  secondly,  the  vapour,  on  acoou 
sulphuric  acid  it  contains,  attacks  the  tubes  through  whidi  it  passes  much  n 
getically  than  the  sulphurous  oxide  evolved  by  the  simple  combustion  of  suli 
Condensation  of  the  Nitrons  Gases.— Since  tho  condensation  of  tho  nitrog( 
which  escape  from  the  lead  chambers  together  with  other  gases,  is  a  mattei 
importance,  inasmuch  as  the  consumption  of  nitric  acid  may  be  thereby  reduce 
third,  a  number  of  contrivances  have  been  proposed  for  effecting  such  absorpti 
donsation.  The  most  important  forms  of  apparatus  that  have  been  constructe 
purpose  are  the  following. 

The  Gay-Lussac  coke  cylinder  has  been  already  described.  It  has  re 
late  several  improvements.  For  instance,  there  is  placed  between  the  swingi 
(/,  fig.  49)  and  the  coke  layer,  a  lead  plate,  into  which  are  fitted  from  20  to 
of  the  same  metal.  When  the  snlphuric  acid  is  tipped  out  of  the  trough  into  t 
it  fiows  through  the  tubes,*  and  is  thereby  better  dispersed  over  tho  coke  thi 
old  arrangement.  Further  the  perforated  leaden  fioor  of  the  cylinder  for  in 
the  coke  is  now  sometimes  replaced  by  firo-bricks  laid  crossways  over  one  an 
At  some  places,  instead  of  the  gases  being  passed  through  a  reservoir  with 
ments  (mV,  fig.  49),  they  are  conducted  through  a  long  fine,  from  the  other  • 
of  which  a  continual  fiow  of  sulphuric  acid  is  kept  up.  By  this  means  tl 
thoroughly  dried,  which  is  a  matter  of  importance  for  the  complete  absorpti 
pieces  of  ooke  in  the  Gay  Lussac  apparatus  are  replaced  in  some  works  by  bra 
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In  TiDkonludiai'a  sppontni  the  chamber  gaa  passesintothe  bottom  of  a  wide  itnne- 
wue  eylindBi  made  at  ■ereral  ptcta.  Snlphnric  Add  towe  dovD  from  aboro  over 
■ItcnadDg  nod  ineliDed  poronB  claj  platM,  and  is  dtawn  off  below. 

Id  all  thcM  fonn*  of  appsnttu  for  the  kbaorption  of  the  nitroni  gaees,  the  chief 
thing  is  to  aecnre  an  eqnallj  diBtribnted  flow  of  BolphnrLc  acid  from  aboTe.  This  in 
■ecuwl  eitiiCT  by  the  nae  of  Mariotti'a  Teesel  or  bj  an  To^nionslj  conHtmcted 
talancing  apparatna,  which  conaista  of  a  leaden  vessel  from  which  the  sulphuric  acid 
flowt  out  below  Uuinigh  a  horiamtal  tube,  terminating  in  a  vertical  cjlinder.  A 
leaden  bneket  floats  npon  the  surface  of  tJie  sulphnric  acid  in  the  cylinder  attached  (o 
one  <tf  the  umi  of  a  lever,  the  other  arm  of  the  lever  being  in  connection  with  a 
vmlva  which  opens  and  shuts  the  outlet  of  t^e  leaden  leseivoir.  Upon  opening  a  cock 
at  tlie  lovet  part  of  the  nlinder  containina;  the  leaden  bncket  the  sulphcric  acid  Hows 
dot  Ukd  eonaeqnantly  its  level  ainke,  and  t^e  bucket  sinks  with  it  until  it  opens  the 
Tnlra  at  tlw  letarvoit  and  admits  a  fresh  anppl;  oF  sulphuric  acid  into  the  cylinder 
BBtO  the  raliAnlic  acid  in  the  cylinder  has  attained  ita  former  level.  An  apparatus 
of  this  kilkd  whan  onee  properlj  setadmita  of  a  perfectly  regular  flow  of  sulphuric 
tM  haag  obtuned. 

Condmtation  of  SUtok*  Gout  in  Jbiorption  Bottlet.—An  appamtui  of  the  kind  is 
)  bj  fip.  S8  and  69.    The  chamber  gas  passve  from  the  last  chamber 


jh  the  tube  (i)  into  the  Teasel  ()),Hud  circtilating  from  i  to  j' is  partly  condensed. 
Ftan  i"  the  pa  passea  throagfa  the  tnbe  (k)  into  the  first  inabaj,  thencs  into  the 
asoond.  thitd,  etc,  circulating  through  the  three  rows  (i,  l',  l"),  and  finally  escaping 
into  tha  dianey  (m).    A  glass  tube  of  the  snme  width  as  tbo  tube  (k)  is  generally 


Fia.  69. 


bt  into  tlie  latter  for  the  purpose  of  watching  the  colonr  of  the  gitse«  escapinp:  from 
Um  ehanibera.  Entire  absence  of  colour  or  only  very  slight  coiomtion  iudicalcn 
an  inaofkieiicj  in  Uio  chambers  either  of  nitrous  gnsee  or  of  stonm.  When  the  pro- 
ttm  ti  emdneted  properly  the  racnping  gas  is  inrariably  of  an  orange  colour. 

nie  n^nlatiou  of  the  draught  in  thin  apparatus  is  effected  by  cnu»<ing  the  gas  to 
PHS  tbnragh  a  box  (o)  provided  with  n  perforated  screen,  the  lotnl  numl^rof  aperturce 
awbieb  hava  together  exactly  the  same  area  as  the  tubes  through  vhich  the  giia 
^mm.     The  cnrrent  is  regnlstod  by  stopping  up  these  apertures  with  inverted  cupe. 

Tbt  carbojK  are  filled  to  a  certain  bHght  with  sutpburic  acid,  having  a  strength  of 
abortl'TSS.     Thecarboysnf  the  first  row  arc  emptied  every  day  at  intMvals  of  an 
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hour,  theii  contents  tHung  rno  into  the  flnt  cIuunb«T,  and  tlie  earboji  again  dunged 
with  the  acid  from  the  secood  rtnr  of  carboja;  theoa  again  with  the  acid  oontMllJ  of  tht 
third  row,  and  the  latter  an  charged  with  &i>Bh  «plphnric  acid  of  ap.  gr.  ]'732. 

When  the  nneeastuy  contrirancea  are  at  hand  ths  filling opeiation  raaj  be  patfcnwed 
b;  a  single  workman.  Since  each  carboy  is  emptied  and  reehatged  once  dul;.  It 
follows  that  a  given  quantity  of  acid  raqoires  thtse  days  for  its  passage  throng  the 
series  before  bnng  mn  into  tbe  first  chamber. 

A  carboy  of  the  kind  with  fannel  (gp)  for  filling,  and  eoek  (r)  for  ninning  off  tb 
acid,  ia  shown  in  HcdoD  hj  S,  fig.  68  ;  *  shows  io  section  the  tnbulatnree  in  which 
tbe  fooiiBcting  tub«B  are  bstoiied  ;  S  shows  the  construc^on  of  a  cylindrical  carboj; 
and,  finally,  6  shows  Che  construction  of  the  itaae  cock  far  raoning  off  the  add. 

The  emptjiag  and  refilling  of  the  carboys  is  simplified  by  an  arrangement  repre- 
sented by  fig.  TO.    This  consists  of  Intend  tubulatores  {<  t),  ia  which  the  IotsI  of  th( 
ncid   stands  about  an  inch   higher  than 
(<  M  the  mouthsof  small  glBsss1phonB(y/).  Hu 

l&lter  when  filled  place  the  acid  contenlaot 
Ihn  carboys  in  communication ;  for  npcw 
fresh  acid  being  panredintu  the  last  carboj, 
this  pABSPB  into  the  one  Dsit  behind  it,  ate^ 
until  it  finally  rencbea  the  first,  bececniqg 
sntutated  with  nitrous  gases  on  iu  long 
Journey.  Tbe  gas  is  passed  throngh  the 
cimnecung  tubes  (c  c)  and  (bb)  in  adireetiM 
contnty  to  thr  acid,  thus  coming  on  ita 
Fia.  70,  way  in  contact  with  acid  of  coDtinDaUy 

increasing  pnrily. 
Ai  regard*  the  iiw  of  snlphnrie  add  for  the  alMoi^tion  of  nitrous  vapour,  tenati- 
snce  hna  shown  that  the  stronger  it  is,  tbe  more  nitrous  vapour  is  it  ca{ttbleaf 
absorbing.     Direct  eiperimenta  made  with  aidphuiic  add  that  had  been  traatad  with 
air  and  nitric  oxide  gave  the  following  results  ;— 

Sulphuric  acid  having  a  specific  gravity  of  Mil  absorbed  2-fi  per  cent.  (^  nitzow 
anhydride,  whilst  that  of  Bpecific  ginvity  t'8j6  absorbed  7'9  per  cent. 

According  to  the  remtta  of  the  above  experiment,  Bolphurtc  add  having  a  ^erille 
gravity  of  l'T67  absorbs  three  times  aa  mudi  nitrous  anbydridBasBddofsp.gr.  1-71 1. 
In  some  works  the  absorption  of  the  nitrous  vapiir  is  effected  by  other  snbatAneM 
than  sulphoricacid  ;  thus  for  instance  milk  of  lime  is  Bometimes  enployed,  withiriueh 
nitric  oiide,  nitrous  anhydride,  etf.  combine,  forming  calcium  citiate.  Further  witlMtita 
(barium  cnrbonalo)  in  a  stale  of  fine  powder  and  suspended  in  water  ia  t^nu,  for 
preparing  by  this  means  barium  nitrate,  and  flnally,  in  some  caaea,  pure  water  is 
rmploysd,  which  is  allowed  to  trickle  down  through  high  towers  something  like  the 
coles  towers  in  the  Gay  Lnasac  apparatne. 

Co«stTU£liov  of  tht  C^min-i.^Propositions  have  olten  been  made,  but  at  preaant 
without  success,  to  replace  the  lead  useil  in  making  the  chambers  by  a  Bubstanc* 
cheaper  than  lead.  Thus  amongst  others  the  following  substances  have  been  mo- 
posed  :  zeiodolite,  a  compound  coosifiting  of  mlphur  and  stoneware ;  panes  of  gtaas 
cemented  together  with  a  resinous  cement;  different  kinds  of  stone  plates  jdnsd 
leather  with  a  cement  made  of  sulphur  and  sand,  etc  Very  well  worth  notice  ia  the 
use  of  vulcanised  caoutchouc  or  of  gutta-percha,  both  of  which  substances  hare  th* 
advantage  over  lead  of  being  cheaper  and  figlit'>r  than  lead.  On  the  othvr  hand,  th^ 
are  more  readily  attacked  by  the  chamber  gaa  than  lead  is. 

The  number  and  site  of  Che  load  chambers,  ns  already  mentioned,  are  dependent  upon 
the  amount  of  anlphuc  that  is  to  be  bornt.  The  chief  point  in  constructing  chambot 
ifl  to  present  as  largii  a  surfuce  ns  possible  to  tho  cbambi^r  gHEes,  so  that  they  may 
mix  intimately  together  and  easily  condense.  For  this  reason  it  has  recently  been 
the  practice  to  place  a  number  of  chambers  one  after  another  in  a  series,  but  it  ia 
possible  to  obtain  (he  desired  effect  aa  well  with  two  chambers  as  with  six,  provided 
contrivances  are  employed  for  inercasing  the  surface.  Fig.  67  represents  an  arrange- 
ment of  this  kind,  in  which  the  chamber  ia  fitted  with  several  partitions  (a)  made  of 
iron  rods  extending  from  the  floor  of  the  chambers  t«  the  roof  which  they  support 
Theae  rods  ore  entirely  covered  with  lead  and  are  famished  with  sheets  of  glass  sap- 
ported  upon  leaden  hooks,  as  shown  at  2,  fig.  67.  These  partitions  are  Bhorter  thaa 
the  widm  of  the  cbambeis,  and  ore  so  placed  altemalely  as  to  make  the  gas  trarel  in 
a  ngiag  direction  from  one  side  to  the  other,  increasing  thereby  the  langu  of  ths  pa*- 
aage  and  presenting  to  the  gas  a  greater  surface,  by  contact  with  which  it  is  more  eaiil* 
intBrmixad  and  condensed.  Chambera  thus  constructed  have  a  more  ooustant  tenpa> 
rature  than  those  which  have  only  side  walls. 

In  some  worka  built  upon  this  system,  only  one  chiimber  Is  employed  havh^a 
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MpadtT  of  100,000  to  140,000  eabic  feet.  At  the  sumo  (jms  better  randta  hara 
bMd  obtaiosd  in  works  vberea  lecondandBnuiUoc  cbiunberwith  one  or  two  cuctaioB  ia 
kttacbad  to  tlw  lugs  oas.  Of  eoolM,  !□  dukmbera  comtructod  on  thU  BTit«m  tha 
acid  eoUecting  is  tba  leccmd  chamber  ii  made  to  flow  backinlo  the  prindpnl  chamber, 

AsoUur  plan  may  be  here  meationed  whHre  on!;  a  single  chamber  is  employed, 
bat  it  ia  dinded  bj  ennaiiu  into  three  ports.  These  curtainB  an  made  of  lead  platM, 
I  Ml  hi  lift  neariy  bat  not  quite  to  the  bottom  of  the  chamber,  bo  that  each  divieion  is 
tftiattd  &am  the  other  hj  the  acid  l^g  in  the  bottom  of  the  chamber.  The 
'Hli''-'  gaa  ia  luaad  from  one  difieion  into  the  other  through  tubes,  ibe  moullis  of 
wtiich  an  a  little  abore  the  level  of  tba  add  in  the  chamber,  while  the  other  euils  iire 
iaaailad  throngh  the  cartaine  at  the  upper  part. 

Jmmglmmt  nf  CMaahert.—'^a  general  method  of  armnging  ritnol  chambere  ia 
tkU  MpnMOtad  bj  flga.  48  and  19  where  they  are  ut  one  after  another  eapportod  upon 
wooden  frlmin  In  tbia  country,  oqt  temperate  climate  admits  of  the  chnnibera 
bang  in  the  open  air,  but  in  France,  Germany,  and  other  parts  of  the  continent 
they  are  geDerall;  roofed  in  and  surrounded  by  light  brickwork,  on  account  of  tliA 
Bon  seTcn)  cold  of  winter. 

Tha  moat  conTenient  arrangement  of  the  chambera  is  that  in  which  the  ex- 
tnmiticB  are  placed  near  each  other.  aiFoniing  thereby  n  better  opportunity  of 
ulmuiin^  the  process,  in.tsmuch  lu  these  parts  of  the  system  are  the  most  important 
and  require  the  mont  Hltcntion.     An  iirrangcmeiit  of  (his  kind  if  shown  by  tig.  71- 
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aA' are  buraen,  the  plates  of  which  aree.-ich  6]  feet  long  and  13  fr.-ct  wide.  A  tube 
troB  28  to  32  inches  in  width  roniluctn  the  products  of  combustion,  together  with  an 
raMM  ef  atmoapheric  nir,  into  the  nmnll  chamber  (i<).  whii^Ii  is  23  foct  In  length,  13 
fact  wide,  and  18j  feet  in  height,  nnd  receives  \mc\  from  the  SECOnd  chnmbor  the 
add  fotaied  thov,  passing  it  on  into  the  priDeipsI  chnmbcT.  n'  is  the  second  chamber, 
of  the  lana  dinunrons  as  the  Ont,  with  which  it  ie  in  communtcation  by  means  of 
Iha  tabai6.  which  has  a  diametOT  of  24  to  27  inches,  cc  is  the  principnl chamber, 
tk*  floor  of  which  is  made  lower  than  the  floora  of  Che  other  chnmliers,  as  it  receives 
the  egMtewed  acid  of  the  entire  synlem.  This  prlndpil  chnmbcr  is  about  120  feet 
b^,  |A  fM  wide,  and  20  feet  high.  D  is  the  fourth  ctinm)>or,  having  a  length  of  4S 
IM,  a  widtb  of  30  feet,  and  in  16  f>et  high ;  it  enmmanicnt«s  with  the  principnl 
chamlMr  bj  the  tabe  id.  ff  is  n  refrigerator  furnished  with  divisions  (similnr  lo  the 
«M*vi^  shown  in  fig.  49),  in  which  a  port  of  the  vnpour  is  condensed,  d' is  the  AfUi 
Aaabar,  of  the  «me  mie  as  d,  into  which  no  steam  ia  condnuted  :  i  ■  is  a  refrigerator 
siMiIatto//.  Hwtotal  capBdtj  of  the  five  chamben  is  therefore  opwarda  of  100,000 
enbie  feet.  These  chambera  receive  every  Iwenty-fbnr  hours  the  g^s  produced  by  the 
enahaationof  about  1  ton  and  a  half  of  nilphnr.  Fr  isa  series  of  carboya  charged 
with  snlnttnrie  arid  of  sp.  gr.  1-711-    a  is  a  box  with  perbrated  divisiooa  for  regulat- 

CeanntcT  or  m  CnucBaB  Fbockss.— When  s  chamber  syateni  has  to  be  set  in 
B,  tliiB  is  *Aet«d  in  the  following  manner.  Sulphuric  acid,  of  ep.  gr.  t  '3S7, 
wdapcn  the  flow  of  the  principnl  chamber,  i  a  qunntity  aufficient  to  shut  out  the 
■1  air  eompletdy  fimn  ths  interior  of  the  chamber.     Water  ia  not  to  be  recom- 
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mended  for  this  purpose,  both  on  aocoant  of  its  absorbing  snlphiiions  and  nitRNB 
acidii,  which  attack  the  leaden  floor,  and  also  on  aoconnt  of  ita  partly  decomposiiig 
nitrijos  anhydride  with  evolation  of  nitrogen  oxide.  As  soon  as  solphorie  add  is 
sufficient  qnantity  has  been  ponred  into  the  principal  chamber,  snlphuzoiis  oxide  ii 
passed  from  the  bnmers  into  the  chamber.  "VHien  the  air  has  been  displaced  from  the 
chamber  the  supply  of  nitric  acid  or  of  vapours  of  nitric  add  to  the  chambers  is  com' 
roenced  as  abore  described,  an  excess  being  employed  at  the  beginning.  The  tempefft< 
tnre  of  the  chambers  is  gradually  raised  by  the  hot  gas,  and  as  soon  as  it  ia  per- 
ceptible through  the  sides  of  the  chambers,  the  simply  of  nitric  acid  or  of  mtroiii 
Tapoor  is  reduced  to  the  normal  standard.  Earthen  plugs  fitted  into  the  ehamba 
in  varioa*)  parts  serve  by  an  inspection  of  their  surface  as  a  guide  to  the  stage  at 
which  the  process  has  arrived,  and  when  the  proper  point  is  attained,  steam  is  thea 
passed  into  the  chambers. 

Introduction  of  Sulphurous  Oxide. — The  relation  of  the  amount  of  sulphur  to  iJu 
surface  of  the  chambers  has  been  already  suffidently  treated  of.  Where  non-eoo- 
tinuous  burners  are  employed  the  sulphur  must  be  thrown  in  in  small  pordona,  at 
intervals  of  an  hour  at  a  time.  The  temperature  of  the  sulphur  furnace  shoold  nefei 
be  allowed  to  rise  too  high,  as  thereby  the  sulphur  is  apt  to  bum  too  rapidly,  and 
too  much  sulphurous  oxide  is  sent  into  the  chambers.  A  reduction  of  the  tem 
of  the  furnace  is  effected  either  by  reducing  the  draught,  or  by  less  frequent 
etc  of  the  burners.  As  a  matter  of  course  the  regulation  of  the  process  ia 
proportion  to  the  number  of  burners  employed. 

The  Supplv  r»f  Atmospheric  Air. — This  depends  upon  the  quantity  of  snlplnir  bunt 
Sulphur  roqmres  for  its  combustion  to  sulphurous  oxide  (SO,)  its  own  weighs  of 
oxygen,  and  for  oxidation  to  sulphuric  anhydride  (SO,)  half  as  much  more ;  so  that  it 
would  require  the  oxygen  contained  in  rather  more  than  six  and  a  half  tunes  its 
weight  of  atmospheric  air.  But  since  the  oxygen  of  the  air  admitted  is  not  pezftokly 
nbfiorbed,  some  excess  of  air  is  used  containing  oxygen  amounting  to  nx-tenths  tM 
waight  of  the  sulphur  burnt.  Accordingly  eveiy  pound  of  sulphur  requires  1  +  0*6 
+  0'6  »  2*1  pounds  of  oxygen  in  the  form  of  atmospheric  air.  Assuming  that  1 
cubic  foot  of  atmospheric  air  at  a  temperature  of  0^,  and  under  a  preasure  of  760^* 
of  mercury,  contains  *21  cubic  foot  or  0*187  pound  of  oxygen,  the  above  2*1  pounda 
would  correspond  to  a  volume  of  air  equal  to  113  cubic  feet. 

The  admission  of  air  is  generally  regulated  by  sliding  doors  attached  to  the 
burners,  and  sometimes  by  means  of  a  spedal  apparatas  which  admits  of  the  air  being 
measured  and  regulated. 

The  Supply  of  Steam. — This  may  bo  estimated  as  follows:  The  chamber  acid, 
when  it  has  a  strength  corresponding  to  sp.  gr.  1-530,  contains  51*1  per  cenL  of  sol- 
phuric  anhydride,  corresponding  to  20*44  sulphur  and  48*9  water.  Accordingly  eTSij 
20*44  parts  of  sulphur  requires  for  its  conversion  into  acid  ofsp.gr.  1*530,  48*9  parts  of 
water,  or,  what  is  the  same,  1  part  of  sulphur  requires  theoretically  2*392  parti  of 
water.  But  since  a  portion  of  the  water  employed  is  invariably  carried  off  with  the 
other  gases,  it  is  usual  to  pass  into  the  chambers  2*5  or  3  parts  of  water  in  the  form  of 
steam,  for  every  part  of  sulphur  burnt. 

Chamber  Oryetals. — When  vitriol  chambers  are  worked  with  an  insufficient 
supply  of  moisture,  this  compound  is  always  formed.  Its  production  is  consequently  a 
result  of  bad  management.  Different  views  are  held  as  to  the  composition  of  these 
crystals.  According  to  Weltzien  and  R.  Miillor,  it  is  a  compound  of  nitrogen  peroxide 
with  sulphuric  acid  (2H,0,  3S0„  2NO2) ;  according  to  Weber  it  is  a  compound  of 
sulphuric  add  with  nitrous  anhydride  (H^SO^  +  N^O^SO,).  Considering  the  varioiis 
ways  in  which  this  substance  has  been  prepared  artificially,  it  is  easy  to  understand  its 
formation  in  vitriol  chambers.  Thus,  it  has  been  formed  by  the  reaction  of  sulphurooi 
oxide  and  nitrogen  peroxide  at  a  moderate  temperature  in  presence  of  water;  by  the 
action  of  nitrogen  peroxide  upon  sulphuric  acid  monohydrute ;  by  mixing  red  fuming 
nitric  add  with  concentrated  sulphuric  add ;  by  conducting  nitric  oxide  gas  and  air 
simultaneously  into  sulphuric  acid  ;  by  bringing  together  sulphurous  oxide,  nitric  oxide 
gas,  air,  and  a  small  quantity  of  steam  ;  by  conducting  sulphurous  oxide  into  very  con- 
centrated nitric  acid,  or  into  a  mixture  of  nitric  and  sulphuric  acid,  etc 

Although  it  socms  most  probable  that  the  crystals  are  formed  in  the  lead  chambers 
by  the  mutual  action  of  nitric  oxide,  sulphurous  oxide,  air,  and  steam,  this  by  no 
means  excludes  the  possibility  of  the  crysUils  being  formed,  under  certain  conditiooi^ 
by  one  or  other  of  the  reactions  above  given. 

The  substance  is  deliquescent;  it  is  soluble  in  concentrated  sulphuric  acid ;  less  to 
in  nitric  acid.  It  is  decomposed  in  contact  with  an  excess  of  water  into  sulphuric  add 
and  nitric  add,  evolving  at  the  same  time  copious  rod  fumes  of  nitrous  anhydride. 
This  action  of  water  upon  the  chamber  crystals  is  of  great  practical  importance^ 
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OM  it  affosdi  a  meaiui  of  effeetiog  the  decompositioD  of  this  substance,  even  when 
dknlred  in  solphiiric  add.  When  it  has  been  formed  in  the  chambers,  the  admission 
of  fltaam  Bii£Beei  for  the  pinpoBe. 

It  is  eTident»  ftom  the  foregoing,  that  in  the  manufacture  of  sulphuric  acid  great 
most  be  taken  to  maintain  the  right  proportion  between  sulphurous  oxide,  nitric 
air,  and  water.  When  too  much  sulphurous  oxide  is  pi;e8ent  it  escapee  into  the 
ditmiMj  mmriHi— rf  •  when  nitric  acid  is  used  in  excess,  nitric  oxide,  nitrous  anhydride, 
etc  an  also  oanied  into  the  chimney  with  the  residual  nitrogen  of  the  air ;  when 
^^^tfilTiffnt  water  is  present,  chamber  crystals  are  formed,  and,  finally,  when  too  much 
air  ii  aent  into  the  ehambeis,  the  gases  haTe  not  sufficient  time  for  reacting  upon 
oaa  another,  and  thus  escape  in  part  unaltered. 

Hie  tflmpenttnre  most  suitable  for  the  formation  of  sulphuric  add  is  between  40^ 
and  Mf®.  It  is  regulated  dther  by  Uie  rate  of  admisdon  of  steam  or  by  the  extent  to 
wUeh  the  solphuDus  oxide  is  heated. 

JmirodmeHon  ^f  the  NUrie  AM, — At  the  beginning  of  the  operation  the  calculated 
qnmity  of  nitzie  add  required  is  about  10  or  15  per  cent,  of  the  weight  of  sulphur 
bvmt ;  dnring  the  process,  however,  the  quantity  of  nitric  acid  necessary  is  reckoned 
sfc  aboQt  6  or  6  per  cent.  Theoretically,  when  the  process  is  once  in  operation,  no 
fathw  addition  of  nitric  add  ought  to  be  required ;  but  in  reality  oxides  of  nitrogen 
sie  earned  away  in  sosh  Quantity  by  the  reddual  nitrogen  of  the  air  that  a  continual 
sapphr  of  fresh  nitric  ada  is  necessary.  If  a  cheap  method  of  preparing  oxygen  gas 
wwe  known,  it  would  be  posdble  not  only  to  effect  a  great  saving  of  nitric  add,  but 
St  the  same  time  the  operation  of  manu&eturing  sulphuric  add  might  then  be  con- 
daeted  in  Teiy  much  sinaller  chambers. 

TIgmptntwrt  of  the  Chambers, — ^The  proper  regulation  of  the  temperature  of  the 
ehaaslMra  is  a  matter  of  great  importance.  The  process  of  sulphuric  acid  manufacture 
is  Ibmd  to  be  most  successful  when  a  thermometer  placed  at  a  distance  of  5  feet 
tnm  the  floor  of  the  prindpal  chamber  shows  a  temperature  of  40°  or  44°.  The  tern- 
perata%  however,  in  the  interior  of  the  chambers  varies  far  more,  fluctuating  between 
40^  and  60^.  The  other  chambers  are  also  furnished  with  thermometers.  The  regu- 
lation of  the  temperature  in  the  chambers  is  effected  by  increadng  or  diminishing  the 
Hpply  of  nitrie  add  or  nitrous  gas ;  the  greater  the  quantity  of  nitric  acid  admitted 
in  a  giveo  time  die  higher  is  the  temperature.  In  oroer  to  prevent  the  sulphurous 
oxide  from  entering  the  chambers  too  hot,  the  gas  from  the  burners  is  first  conducted 
cither  through  a  brickworiL  flue,  or,  in  some  smphuric  add  works,  through  condensers 
kept  eold  by  a  stream  of  water. 

In  jndjDng  as  to  the  proper  course  of  the  process,  two  points  have  to  be  con- 
'    Tia.  the  spedflc  gravity  of  the  chamber  acid  and  the  character  of  the 


T%B  8pee{fie  Qravity  of  the  Chamber  Acid.— For  the  purpose  of  determining  this, 
fSBBBsl-shaped  arrangements  of  lead  (a  a,  flgs.  72  and  73),  pla^  about  3  feet  above  the 
floor  of  the  ehamben,  are  attached  to  the  chambers  in  different  parts.  Those  serve  to 
eoUeetthe  solphurie  add  as  it  trickles  down  the  ddes  of  the  chambers,  the  add  flow- 
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iig  oat  throi^  the  tube  (a")  which  passes  through  the  wall  of  the  chamber  into  the 
vmmI  (bI  ffff«t^'"'Pg  an  hydrometer,  and  then  flowing  back  again  into  the  chamber 
tboagk  l£e  tnbe  (<0. 

The  Charaeter  ^f  the  One.— This  is  determined  by  the  odour  and  colour.    The  first 
it  isentained  by  test  tappings,  the  latter  by  means  of  windows  set  opposite  one 
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'Ictcrmined  either  bj  ths  nid  c^  windowi  placed  opporite  one  SDOuer,  or  by  vide  gfaui 
tubm.  The  gaa  ooght  to  lure  a  reddiih-jcUow  colon.  If  the  eolotatioa  u  too 
li^ht,  mlphuioiu  ozida  and  Bal[rfiaric  add  are  apt  to  escape ;  if  too  daik,  ti 
nitric  acid  has  been  employed.    In  ("--  ' '"-- '-   '  -'^^ '-' 


another  in  the  rides  of  tha  chamben.    The  colour  tt  ths  CMtptng  gsa  ii  likawin 
ha  aid  c^  window!  placed  opporite  one  another,      '       ''     ' 

it  to  hare  a  reddiah-jcUow  colon.  If  the  e 
le  and  Bal[rfiaric  add  are  apt  to  escape ;  if  to( 
imployed.    In  the  former  case  the  mpply  of  nilzic  acid  n 

SettntinatioH  of  tkt  AbioTftvM  of  tit  XUroiu  Gasa  in  lie  Cole  Tineer,  or  atitr  0pm- 
dmiiug  JrnatgtnttKU. — This  is  most  sdTaatageonal;  effected  by  mnns  MT  Hart's  tilM' 
tion  method,  irtlicb  depends  apon  the  fact  that  urea  and  nitrans  aohydride  daoom|naa 
one  another,  forming  water  and  nitrogen.  When,  therefore,  a  noaU  qoantit?  M  tlw 
snlpbnric  acid  to  be  iceiod  is  droppeil  hj  means  of  a  bnrette  intofttolntioiiMmt^iiiiig 
a  definite  qoantitj  of  urea,  paste  conHiniog  potasainm  iodide  is  not  colonred  bins  w 
the  salotjon  to  laog  aa  nndecomposed  urea  ia  present,  as  the  nitrons  anhydride  vhiis 
IB  the  cauM  of  the  bine  coloration  is  decomposed  bj  it.  The  amount  of  nitnrai 
anhydride  in  the  sulphuric  add  to  be  examined  may  therefore  be  nurily  detarainsd  by 
the  qnSintit*  of  such  sulphuric  scid  necessary  for  the  decomporition  of  a  known  qnan- 
tity  of  a  solnlion  of  urea. 

CoKcmrTBATioH  OF  ScLFHORic  Aao.—This  optTatioD  is  coodncted  in  two  flages: 
first,  the  coneentnition  in  open  lead  pans  to  sp.  gr.  17S3,  and  then  tha  eonccntiatua 
np  to  sp.  gr.  rB4£,  in  rasela  of  platinnm  or  glass,  other  substances  not  being  aUsta 
resist  either  the  iction  of  the  hot  add  or  the  high  temperatnre. 

An  apparatOB  tot  concentnridng  solphoric  add  which  is  mnch  naed  ia  ehovn  ■ 
flg.  74.     It  coniists  <^  two  leaden  pans  (i  and  b)  supported  o  <  .   .  — j 
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heated  by  the  hot  air  from  the  furnace  (c).  ImmediatpJy  abOTe  c  is  a  platinnn  ntat 
(d),  into  which  flows  the  acid  (bat  bashed  cancentra1«d  in  the  pan  (b)  to  sp-gr.  l*Tfi), 
and  ia  therein  h«Lt4Hl  (o  the  boiling  point  Platinam  is  net  acted  npou  by  aithv 
cold  or  boiling  snlphnric  acid;  its  melUng  point  (1800°  — 1900°)  ia  far  abon  ths  bail- 
ing point  of  concentrated  sulphuric  acid,  which  ia  only  338°.  However,  the  platisma 
vessels  used  for  concentrating  sulphuric  ndd  are  often  considerably  eorrodad,  partly 
by  the  action  of  oxides  of  nitrogen,  nnd  partly  by  chlorine,  when  the  saltpsti*  osed  in 
the  nitre  pots  coatainiid  sodium  chloride. 

The  enlphuric  add  is  mn  from  the  chambers  througb  a  leaden  tuba  into  ths  paa 
(i),  where  it  is  often  submitted  to  a  process  of  purij^cation,  consisting  in  a  traabasoLi 
with  sulphnroos  oxide  gas  while  in  a  hot  ntate,  the  oxides  of  nitrogen  being  Ihas  la — 
doced,  and  the  sulphuroos  oxide  itself  cosverted  into  sulphuric  acid.  For  this  uuipusis 
the  pan  (a)  has  a  lid  made  of  sheet  lead  nrranged  bell-like  orer  the  sulphuric  acidin 
it.  The  four  vertical  sides  close  the  appamtus  hemieCically,  while  the  parlJliuns 
inside  do  not  qnite  reach  the  sides,  and  so  the  sulphurous  oxide  gas,  antering  at  s,  luw 
to  pass  backwards  and  forwards,  and  comrs  as  much  as  possible  in  contjwt  with  the 
sulphuric  add. 

Ths  sulphnrons  oxide  naad  for  this  purpose  is  drawn  from  the  sulphur  bnma((, 
flg.  iS)  and  passed  throogh  a  tube  (a,  %■  74)  under  the  leaden  lid  above  mentioDsl 
It  then  circnlaCes  over  the  bcAled  snJphuric  acid,  any  excess  of  it  escaping,  tc^etL* 
irith  nitric  oxide  aiid  nitrous  oxide  thoe  formed  and  the  steam  carried  over,  through! 
into  tho  wide  leaden  tube  (n,  flg.  4B),  whence  ihc  friu  posses  into  the  chamber  iJ\  It 
order  to  draw  the  sulphnrous  oiiito  from  the  hnmer  throngh  the  entire  nj^Kuntn^  i 


MANUFACTUEB  OF  SULPHUBIC  ACID.  181 

wipimtor  ii  fitted  at  d,  fig.  48,  oonsistiDg  of  a  steam-pipe  an  inch  in  diameter, 
ftoB  which  steam  is  ejected  through  an  opening  one  fifth  of  an  inch  in  diameter 
at  a  tension  of  about  two  atmospheres.  The  solphurie  acid  fiows  from  the  pan  (a) 
through  a  syphon  into  a  second  pan  (b),  where  a  further  concentration  to  about  sp.  gr. 
1*760  is  eiflbeted.  In  this  pan  tne  last  portions  of  oxides  of  nitrogen  are  often  de- 
strojed  by  the  addition  of  from  ^  to  1  part  of  ammoninm  sulphate  per  1000  parts  of 
add.  TIm  snlphurie  acid  then  flows  through  a  sjphon  (c)  into  the  regulator  (d),  the 
interior  arrangement  of  which  controls  the  flow  of  acid  into  the  still  (d).  This  re- 
gidator  eonnsts  of  a  cylindrical  yessel  (d),  with  an  outflow  pipe  about  half-way  up 
the  side,  and  supported  upon  chains  to  aomit  of  being  drawn  up  or  lowered  at  pleasure. 
The  Isrel  of  the  add  in  whidi  the  end  of  the  syphon  terminates  is  thus  raised  or 
lowered ;  the  flow  of  solphurie  add  into  the  funnel  of  the  platinum  retort  is  accord- 
inglT  made  q[aieker  or  slower,  or  stopped  altogether. 

Often,  instend  of  two  lead  pans,  tnree  or  four  are  airanged  terrace-like  one  above 
the  other,  tad  they  generally  haye  a  separate  furnace.  It  may  be  here  mentioned  that 
the  flnt  eoneentration  is  in  many  works  effected  by  passing  the  gas  from  the  furnace 
through  a  briekworiL  chamber  above  the  surface  of  the  add  in  the  evaporating  pans. 

The  final  eoneentration  of  snlphurie  add  is  generally  carried  out  in  platinum 
stills ;  a  distinction  bein^  made  between  intermittent  and  continuous  working. 

In  intermittent  working  the  platinum  still  (d,  fig.  74)  is  three  quarters  filled 
with  add,  the  quantity  of  acid  poured  in  being  observed  bv  means  of  a  platinum  float, 
and  as  soon  ss  about  two  tenths  of  the  liquid  has  distilled  over,  a  further  quantity  of 
add  is  mn  into  the  stilL  The  vapour  of  the  boiling  acid  escapes  through  the  head 
of  the  still  (d)  into  a  condensing  worm  at  the  dde  not  shown  in  the  drawing,  where 
it  is  condensed  and  fiows  into  a  leaden  reservoir. 

Tlie  distillate  thus  obtained  contains  at  first  a  great  quantity  of  water  and  very 
little  add,  but  in  preyorUon  as  the  acid  in  the  still  becomes  concentrated,  and  its 
boiliqg-point  rises,  a  stronger  add  distils  over,  and  it  would  be  possible  in  this  way 
to  raise  the  tempezatore  so  high  that  at  last  pure  acid  would  distill  over.  It  is, 
however,  not  cnstomazy  to  raise  the  temperature  of  the  acid  in  the  platinum  still  so 
high  as  this,  except  when  an  extra  concentrated  acid  is  required.  Tnis  add  ought  to 
have  a  spedfie  gravity  of  1*842. 

On  aoooont  especially  of  the  high  temperature  required  in  the  production  of  this 
«dd,  the  reduction  of  temperature  caused  by  the  flow  of  much  cooler  add  from  the 
Ifoden  pans  is  so  great,  that  the  sides  of  the  still  contract  very  considerably,  often 
produdng  cracks  in  the  still,  after  a  number  of  operations  have  been  carried  out. 
The  sulphuric  add  is  distilled  generally  only  up  to  the  point  where  the  distillate 
•hows  a  spedfie  gravity  of  1*152.    Payen  represents  this  acid  distillate  as  having  a 

rsfie  gravity  of  1*420,  and  it  would  be  therefore  stronger.    The  acid  remaining  in 
platinum  still  shows  a  spedfie  gravity  of  1-846. 

71s  Oomimmous  ProeeMS,--T\dB  process,  in  which  the  acid  is  kept  continually 
flowing  in  and  out  of  the  platinum  vessel,  is  as  a  rule  to  be  preferred  to  the  inter- 
mittent process.  By  the  continuous  process  an  acid  is  obtained  whidi  has  a  specific 
gravity  of  only  1*819,  but  fbr  most  purposes  it  is  as  good  as  the  acid  of  sp.  gr.  1*848. 
The  continuous  process  has  this  Author  advantage,  that  about  half  as  much  acid 
again  is  produced  as  by  the  intermittent  process;  and  owing  to  the  level  being 
eoostant  in  the  platinum  stills,  no  sudden  cooling  is, apt  to  take  place,  the  platinum 
itiUs  being  on  this  account  far  less  attacked. 

When  the  sulphuric  add  has  attained  the  desired  degree  of  concentration,  it  is 
diawn  off  with  a  platinum  svphon  {s^  f  K  flg-  74)  reaching  to  within  a  distance 
of  one  third  of  an  inch  from  the  bottom  of  the  still.  In  order  to  set  the  flow  of  acid 
godiw,  both  the  platinum  plugs  d^  are  removed,  and  sulphuric  add  poured  through  one 
uf  the  two  small  frinnels  into  the  long  arm  of  the  syphon ;  the  other  funnel  serves  for 
the  eacane  of  the  air.  As  soon  as  the  syphon  arm  is  fhll  up  to  the  mouth  of  the 
funnel  toe  platinum  plugs  aro  again  fltted  in,  and  the  cock  A  opened,  whereupon  the 
eooesotrated  add  flows  out  into  carboys.  Since  the  acid  as  it  comes  from  the  platinum 
retoit  has  a  high  temperaturo,  it  is  necessary  to  cool  it  before  running  it  into  the 
carboys,  so  as  to  avoid  cracking  them.  For  this  purpose  it  is  passed  through  a  tube 
fitted  into  a  condenser,  the  latter  being  so  arranged  that  cold  water  is  kept  flowing 
in  at  its  lowest  point,  and  the  heated  water  is  let  off  above.  Other  forms  of  apparatus 
•oasKhing  like  a  Liebig's  condense^  are  sometimes  used,  the  limb  of  the  syphon  passing 
through  a  large  tub  (k)  filled  with  water.  The  syphon  limb  has  often  several  branches, 
«>  as  to  increase  the  cooling  surface.  In  such  a  case,  however,  the  branches  all  taken 
together  do  not  represent  a  greater  sectional  area  than  the  syphon  at  its  upper  or 
lower  end,  wb^re  the  branches  unite.  Other  contrivances  consist  in  allowing  the  acid 
to  flow  firotn  the  qrphon  through  a  funnel  into  a  worm  condenser,  whereby  the  cooling 

x2 


ia  Tai7  thoiDnghl;  rfbcted.  When  it  ii  duirsd  to  dopatch  th*  taxboy  i 
SUed,  a  float  of  gihia  ac  platumm  is  placed  in  the  moiuh  of  Mch  ouboy 
brjond  iu  neck,  and  connected  with  a  mechanical  nmngemsnt  vhicb  nts  a 
ringing  u  won  as  the  add  in  the  cuboy  has  lisaa  to  within  1|  or  3  inchta  of  the 
month  of  the  carlx^,  thareby  intimating  to  a  workman  when  it  ia  neceMuy  to  doM 
the  cod  and  ramoTS  the  carboy. 

An  improred  appftntna  iaLradocedbj  Chapnia,  Demontia,  andQneneaen,  ii  nns- 
aentad  by  to.  TS  and  76.  The  pUtinnm  still  rest«  upon  a  bed  of  flre  brick^  and  il 
heated  I7  Us  hot  air  from  the  fomace  (a)  oircnlatitig  round  the  still  in  the  flnea  (o  tfy. 
The  itiU  ia  llttad  mth  a  head  (a),  throui^  the  neck  of  which  thn  rapoor  ii  eoDdoetad 
into  a  leaden  condanang  worm  (b  as  a).  The  hollow  globnlsirsesel  (a)  ia  kept  eootinn- 
allj  half  filled  witli  condensed  acid,  and  is  consequently  not  attacked  t^  the  add 
droppinainto  it&om  the  still.  The  continual  inflni  of  add  of  sp.gr.  1-680  Uharaalao 
af^etad  by  meansof  the  apparatus  (((fif^  741.  From  titis  theacid  lows  into  the  fonjial 
(b)  flUad  with  a  dropping  arrangement  with  holes  (i^),  which  Berrea  to  diitribate  the  add 
orer  the  interior  and  heated  sidea  of  the  still,  by  which  it  ia  eonsidarably  conaentr*tad 
before  it  gets  to  the  remaining  contents  of  the  (till.  On  the  other  aide  of  the  (till  U 
'"  '  'ion((f)fortheniniom1of  thecaneeaCnitadBcid,  whicbrunsofrinacoatinnBl 

le  tnoeeH  of  clarification,  coding,  and  filling  into  carbo  ■  <      •  • 


is^oi 

I.    The 


nraiatad  bythenseof  llieaifiaratus  shown  in  fig.  TT.  The  add  flows  from  tbeetdo/ 
the  cooling  syphon  through  the  cock  b  into  a  nnmber  of  Woulfe's  bottlra(o'a*^4~)i 
— anged  in  a  long  trough  flUsd  with  coldwater,  and  communicating  with  0:  "  ^ 


sparing  platinum  and  thereby  rendering  the  whole  nppntatus  <^eaper,  these  stills  Ht 
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Mibvetcd  with  a  teaden  hsad  fiti 
i«cf  thaplartnnm  ■tillii  then  bint  m 


Vta.  77- 


iMda  Iwad  flta  into  tbis  gatler  and  cloua  the  ntoK  with  on  hjidnmlic  joint.  At 
pnMBt  ■  BUiuble  cooling  spjantiu  is  wanting  for  ths  leaden  c&p,  which,  when  Coo 
bot,niiki  \o  bjTirtaa  of  its  own  waigbt.  A  cap  with  donlile  8idea,bBtVFen  which  the 
dluber  acid  might  be  made  to  flow,  so  as  to  ^vs  it  the  teqnirod  tempsratnre,  would 
pomblj  ramave  dis  difficulty. 

An  kHmrnto*  entiisly  of  platinum  costs  serecsl  thonnnd  poandi.  With  an  appa- 
ntni  of  UiiikiDd  as  mneh  aa  fonr  tons  of  ordinary  sulphnric  aodnisybe  produced  duly. 
Hu  dail;  wor  and  tenr  and  iatere«t  on  Itrst  cost  is,  howsreF,  less  than  the  cost  in- 
TolTvd  in  tha  naa  of  the  glass  retorts  in  many  cases,  apart  from  the  risk  iDCnired  by 
tha  wtafanen  when  (htry  are  used.  The  conditions  are  still  more  (kvonnhle  when 
llMinnm  alills  an  ampIojBd  in  the  oontinuoiu  process. 

CbaoMfriaMM  ^  Suipiurvi  Aeid  m  Glaii  Rrtortt.  -At  the  time  when  the  manu- 
(Mtna  of  anlidinTic  add  was  in  its  infiuu?,  the  acid  was  concentrated  in  large  glass 
ntcrta  of  onLnaiy  tbrm,  »ch  retort  being  set  upon  a  sand  bath.  A  Dninbec  of 
Mota,  taiTiog  from  ten  to  twalre  and  mere,  wore  placed  in  a  double  row  and 
baatad  by  a  aiogla  flie.  Each  retort  was  connected  by  nn  adapter  with  a  coiboy,  into 
^lich  tha  weHk«r  aeid  distilled  orrr.  This  arrangemeDt  was  simplified,  and  the 
eoosnmption  of  foel  reducod  by  covering  tha  retorts  with  a  coating  of  clay  befbra 


la  appantns  is  still  ^         .  .  ^ 

bood  of  Mooupenier,  and  genmally  id  the  vicinity  of  glaas  works,  where  large 


Id  several  ^Itcea,  ai 


tha  neighboor- 


'J^ 


PhtJaiiBi  apl^tns  has  of  late  i 


.  a  •  new  kind.  These  glu s  vessels  ara  cylindrical  in  shape,  their  bottoms 
g  ostwaids  ;  they  are  ftimished  above  with  a  neck,  iato  which  one  and  of  the 
dalivwjtaba  fta  tighUy,  while  the  utber  end  dips  into  a  leaden  receiver  forcollecting 
the  diatilled  acid.  ThagIassvesselstandsiiiasuidbBtb,tho  bottom  of  which  niona  is 
eovarad  with  sand,  each  sand  bath  U'iog  heated  by  a  sejHtrate  flro.  the  flame  imping- 
ing nMnd  tha  bath  on  all  sid(«.  When  the  concentration  has  proceeded  for  enough 
Ihs  tab«  connecting  the  rstoit  with  the  leaden  receivers  ara  removed,  and  the  acid 
*"  *  ■"  "  ■  "rith  a  nyphoQ.  The  retorts  are  then  again  filled  with 
k  retort  of  ths  kind  holds  about  30  gallons,  and  it  yields 
if  concentrated  acid.  Balloon -shaped  vessels  have  also 
le  concentration  of  sulfhuric  acij. 

vet  suitable  construction  of  the  glass  retorts  has  Isd  of 
lata  to  SBdi  perfsction  in  their  mannfsctnre  that  in  soma  locahtie*  the  coet  of  woddng 
th^  ia  IsM  than  that  involved  in  the  use  of  platinum  stills. 

Stvnnl  other  methods  of  concentratinB  sulphuric  add  have  been  praposad,  none 
f£  which  have  mat  with  success,  and  on  this  account  thay  need  only  cnreory  mention. 
Kahfanan  and  Keller  recommend  concentrating  sulphuric  acid  in  vacuom,  so  as  to 
ndae*  tha  bothng  point  of  the  acid  and  enable  veesels  of  lead  to  be  employed.  It 
haa,  hoiwartr,  bean  found  that  notwithstanding  the  reduction  of  the  boiling  point,  tha 
1— liin  Tsasils  SIT  &r  toomncb  iii-led  apon  to  reader  this  mothod  practicable.  Clough 
euuMuliating  the  acid  in  lekden  pans,  kept  cool  by  a  constant  current  of 
V  ;  the  ramoral  of  water  &om  the  add  being  efTected  by  passing  heated  air 
B«n  a  fliMM  over  ths  nrlace  of  the  add.  Oossage  suggested  a  method  according  to 
which  tha  acid  ia  allowed  to  trickle  down  ovsr  flints  piled  up  in  a  high  tower,  hot  ur 
Wsf  pMHd  throagh  thefiintii  in  anoppoaito  di 


PaBmciTtOH  or  CuAiamu  Acnt.— Tbe  ebunber  Mid  ganamllj  eoolaiii 
tiw  derired  from  th«  nv  iii«tm«l»  nsed  id  iU  prepumtion,  and  vImd  it  I 
toatrntbaUA  is  fint  nbmitted  to  a  iiimai  of  pmiflcatioii  vbieb  u  oftoi  < 
with  the  concentistim.    Tbe  ODamoneit  impqiitiw  ue  nli^imi 


7i(  Cbn^  qf  3RfcMga.~Nitne  add,  nitroni  anh^diida.  He.,  i 

wh«D  ralphnric  icid  ii  dapriTtd  of  iU  umueal  impnntiea  I^  mdjL 

but  if  tliia  )■  ncA  dona  ih^  ma;  be  viailj  lemoTed  b;  addiiig  to  Uw  mlplwE 
nnAll  qoftntity  of  ammonmni  anlphate.    On  tiia  applieados  ot  haat,  ■*■*■*«■' 
vilh  tba  nillDaa  aobjdiide  aorarding  to  tba  fblloving  eqnation  : 
2NH,  +   N.0,     o     4N   +   3H,0. 

The  ozSdM  of  niOvgcD  ma;  be  also  eomplsteh  ramorgd  b;  hntiig  tb*  ■ 
acid  wMl  a  little  omlie  add.  Carbonic  oxide  ia  tbna  foimed  whicb  seta  aa  ■ 
agent  spoD  tlu  oiidea of  nitngsD.  NitneactdmsT  be  got  rid  of  moateaailj  i 
to  Wadaorodcr  bj  healing  tbe  mlpboric  add  with  sngsr  or  ■tereh,  or  aeet 
BMroel  V)th  >ome  nlpbar.  By  treatmeot  vitb  snlpbnrona  oxids  gaa  aJooetll 
portion  of  like  oiidea  of  oitiiweD  maj  be  removed. 

Chambv  add,  haThig  aa  it  eranee  bom  Ibe  cbamben  >  ap.  gr.  of  1-S35  1 
may  be  eawentiated  to  ap.  gr.  r683,  and  at  tlia  nme  time  firaed  fMm  tiMi 


{4  A),    irfM 
gnater   poi 

Pia.  79.  Cl>e  mlphnr 

condanMB. 

thenea  it  takea  the  wa;  abore  mentioned,  paeaing  orer  the  sulphnhe  add,  i 

ing  from  the  latter  aome  of  ita  motsCnie,  and  deitrojing  the  nitroaa  adn 

eaeqnng  Snail;  thiongh  the  tnbe  (■)  into  the  flret  ritriol  chamber. 

jfrjenou  acid  may  be  got  rid  of  by  condncting  eulphureltcd  hjnlrogen  na 
add  dilvted  to  ip.  gr.  I'430,  a«elerating  the  nctton  by  the  applicaljon  M  h 
filtering  offlhe  aneaona  Eolphide.  The  anlphoretted  hydrogen  ia  either  pcej 
the  action  of  dilute  aolphnnc  add  npon  iroo  inlphids,  or,  according  to  Dn  Fi 
method,  it  ia  erolTed  in  the  add  to  be  pnrifled  1^  throwing  in  toma  i»ac«a  «/ 
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fgfphMi*.  Snl^Toetted  hjdrogen  may  also  be  produced  by  the  action  of  carbaretted 
gu  upon  zed-hot  pyrites.  When  the  arsenic  in  sulnhuric  acid  is  in  the  form  of  arse- 
DOiis  acid  al<Mi6|  it  may  be  easily  got  rid  ot  by  Bucnner*s  method.  For  this  pnrjpose 
tlie  ananic  is  oonrerted  into  arsenous  chloride  by  passing  hydrochloric  acid  gas  into 
tlie  solplmrie  add ;  by  subeeqaently  heating  the  acid  to  a  temperature  of  132°  the 
ToIati]«  anenons  chloride  is  driven  ofif.  When  arsenic  acid  is  present,  it  must  be  re- 
daoad  to  azsenoiis  add  by  passing  into  the  acid  to  be  purified  sulphurous  oxide  gas,  or 
hMting  it  with  some  charcoal  before  treatment  with  hydrochloric  add. 

Attapta  to  utilise  atmospheric  air  for  the  oxidation  of  sulphurous  oxide  by  con- 
dnding  a  mixture  of  the  two  over  porous  substances,  such  as  mixtures  of  day  with 
the  oxidea  of  iron  and  chromium,  or  of  copper  and  chromium  oxides,  pumice,  etc., 
have  not  as  yet  led  to  any  useful  results,  and  no  method  has  yet  been  devised  which 
would  supenede  the  indirect  oxidation  of  sulphurous  oxide  by  nitric  add,  and  the  use 
d  laige  leaden  chambers  for  bringing  about  the  reaction. 

Wohler  and  Mahla  suggested  conducting  a  mixture  of  sulphurous  oxide  and  air 
OTW  zad-bot  oxides,  such  as  a  mixture  of  copper  and  chromium  oxides,  etc  Petrie 
suggested  that  a  mixture  of  sulphurous  oxide  and  air  at  a  temperature  of  300^  should 
be  passed  upwards  through  a  high  tower  filled  with  pieces  of  granite  kept  moist  with 
water.  Penos  proposed  passing  sulphurous  oxide  into  diluted  nitric  add,  by  which 
the  solphuroiis  oxide  is  converted  into  sulphuric  add  and  remains  in  solution,  while 
the  nitrogen  peroxide  formed  escapes,  and  may  be  again  converted  into  nitric  acid  by 
the  action  of  air  and  water.  In  this  reaction  the  nitric  add  may  be  replaced  by  a 
nitrate  mixed  with  hydrochloric  acid.  In  the  latter  case  nitrogen  oxydichloride  is 
fanned,  which  by  the  action  of  air  and  water  is,  like  nitrogen  peroxide,  reconverted 
into  nitric  add.  Hahner  and  Mac&rlane  suggest  oxidising  sulphurous  oxide  by 
chlorino  in  the  peeenoe  of  steam. 

Bnt  althongn  such  methods  have  not  yet  been  rendered  practicable  on  the  large 
scale  te  the  production  of  sulphuric  acid,  the  oxidation  of  sulphurous  onde  by  atmo- 
spheric air:  and  without  the  intervention  of  nitric  add,  has  been  so  far  successfully 
annliad  by  Harp;zeavee  in  the  direct  production  of  sodium  sulphate  from  sodium 
CBuride,  that  his  method  pn>mises  to  do  away  with  the  necesdty  for  sulphuric  acid  in 
the  marnifacture  of  soda,  for  which  purpose  greater  part  of  the  sulphuric  acid  now 
Bide  ia  used.  So  &r  as  this  manu&cture  is  concerned  therefore,  the  adoption  of  Har- 
nsavtss^  method  would  render  the  use  of  lead  chambers  unnecessary.  (See  *  Soda 
Mannftctore.') 

Mfthoda  hare  also  been  proposed  for  separating  the  sulphuric  add  contained  in 
gjpsnm»  Frftmy  suggesting  heating  gypsum  with  sand,  and  Tilghman  proposing  to 
paas  staua  over  red-hot  pieces  of  gypsum,  the  products  in  both  cases  being  passed 
into  the  lead  chambers.  Kohsel  suggests  heating  gypsum  with  charcoal,  thus  form- 
ing carbonic  add  and  caldum  sulphide.  The  carbonic  acid  hereby  evolved  is 
■nda  to  decompose  a  solution  of  caldum  sulphide  from  a  former  operation,  the 
sdphmtted  hydrogen  thus  formed  being  burnt,  and  the  gaseous  product  conducted 
into  the  lead  cnambers.  A  number  of  other  propositions  luive  been  made  for  making 
vMcf  gypaum  as  a  source  of  sulphuric  add,  which  for  want  of  space  cannot  be  detailed 


VliMS« — Sulphuric  add  is  used  in  the  nreparation  of  most  other  adds,  as,  for 
tastanee^  solphnrons,  hydrochloric,  nitric,  phosphoric,  boradc,  fiuoric,  tartaric,  citric, 
sUaric,  and  ^er  &t^  adds. 

Snlphnric  add  is  employed  in  the  preparation  of  most  sulphates,  such  as  those  of 
toStam  (Olanber's  salt),  potassium,  ammonium,  aluminum,  iron,  copper,  magnesium 
(baom  salt),  mercury,  the  latter  being  acain  used  for  the  preparation  of  mercury 
fbhrida  (conodve  sublimate),  and  protochloride  (calomel) ;  alum  also  is  indirectly 
prapnnd  ogr  the  a^ncy  of  sulphuric  add. 

Solphnric  add  in  a  diluted  state  is  used  for  dissolving  iron  and  zinc  ;  the  hydrogen 
thos  evolved  being  employed  for  filling  air  balloons,  for  Dobereiner's  fire  apparatus, 
for  the  ozhydrogen  flame  used  for  melting  purposes  and  for  illuminating  microscopic 
ebjeetSy  also  for  the  detection  of  arsenic  in  Marsh's  apparatus.  Diluted  sulphuric  add 
is  aln  made  use  of  in  exciting  an  electric  current  between  zinc  and  copper  and  other 
sabslanpf,  for  electro-plating,  t^ilegraphic  and  other  purposes. 

Mphnric  add  is  fiirther  a  valuable  reagent  in  the  hands  of  the  chemist,  in 
iOnliBetrical  and  acidimetrical  determinations,  in  the  quantitative  determination  of 
bsrivm  §nd  lead,  etc.  Sulphuric  add  is  also  used  for  cleaning  the  surfiice  of  iron 
fiatei ;  in  the  manufacture  of  tin  plate  and  galvanised  iron  ;  for  cleaning  copper  and 
■Ker  before  coining;  for  refining  of  gold  and  silver;  for  separating  gold  from 
•Dojs  of  copper;  further,  in  the  dissolving  of  indigo.  It  is  also  used  in  the 
BRDBation  of  eUier,  madder  dyes,  in  the  purification  of  various  oils,  for  giving  a 
ineoloor  to  wood,   in  the  mann&cture  of  blacking,  of  sugar  from  starch,  and 
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for  preparing  ganeoUon,  oollodion,  nitrobenzol,  nitn^lyoeriii,  picric  acid  and  its  aafti, 
▼egetable  parchment,  etc.  Snlphiuic  acid  mixed  with  firom  20  to  80  timea  ita  wcig^af 
blood  ooagohiteB  and  pnaeryeB  it ;  it  also  acts  in  the  same  way  npon  urine,  pravantiiig 

cuain' 


in  it  the  anpleasant  alkaline  fermentation,  and  is  on  this  account  nsed  for  diainftetug 
purposes.  Sulphuric  add  is  also  used  for  precipitating  the  lime  from  molnsaea,  te  ex- 
tracting &tfi  from  woollen  or  cotton  goods,  for  separating  out  the  pure  hydrocarbonaaiid 
other  constituents  from  different  kinds  of  tars.  Sulphuric  acid  is  also  veiy  eflbetiTa  tor 
the  removal  from  casks  or  vats  of  bad  smells  caused  bj  fungoid  growths,  such  Taaaali 
being  treated  for  a  short  time  with  sulphuric  acid  and  afterwards  rinsed  out  with  daan 
water  to  remove  adhering  acid. 

A-  very  extensive  use  is  now  made  of  sulphuric  add  in  the  manu£u*tnre  of  aoper- 
phosphates,  for  converting  the  insoluble  calcium  phosphate  of  various  substanoea  into 
a  soluble  condition.  The  manu&ctories  of  superphosphates  at  Barking,  Plaiatow, 
Deptford  and  Birmingham  consume  annually  several  thousand  tons  of  8i2phi|rie  add 
in  the  manufacture  of  superphosphates. 

Finally,  sulphuric  acid  i8  extensively  employed  as  a  drying  agent  in  chemiral 
lalxvatories,  in  virtue  of  its  strong  hygroscopic  properties. 


FOBMULA     H^.         MOLBCULAB     WbIOHT     84. 

Biatory. — Although  this  gas  must  have  been  firequently  observed  by  the  old 
chemists,  its  existence  as  a  distinct  substance  was  not  recognised  until  the  aeventeendi 
century,  and  it  was  not  until  the  end  of  the  eighteenth  century  that  its  chemicel  natue 
was  definitely  established  by  BerthoUet. 

Ooonrrenoe. — Sulphuretted  hydrogen  often  occurs  naturally  in  the  water  of 
springs.  The  beet  known  of  the  sulphuretted  springs  are  those  of  Hantigate^  Aix- 
la-Chapelle,  Baden  near  Vienna,  Eilsen,  Burtacheid,  Bagniree,  Barjgee,  etc.  8d1- 
phuretted  hydrogen  is  also  found  wherever  nitrogenous  organic  subatancea  i^ftH^fag 
sulphur,  or  in  contact  with  sulphates,  are  undergoing  decay. 

Oliaraotem.— Sulphuretted  h^rdrogen  is,  at  ordinary  temperatnzea,  aootoulflM 
ffas ;  its  density  as  compared  with  hydrogen  gas  is  17,  audita  specific  grvnigr  re- 
latively to  atmospheric  air  is  1'1912.  When  submitted  to  a  pressure  of  16  atmo- 
spheres, sulphuretted  hydrogen  gas  condenses  to  a  colourless  mobile  liquid,  harii^  a 
spedfic  gravity  of  0*9  as  compared  with  water,  and  this  solidifies  to  a  cryataUina  ma* 
at  a  temperature  of  —85°.  Sulphuretted  hydrogen  has  a  penetrating;  di^natii^ 
smell,  resembling  that  of  rotten  eggs :  it  is  irrespirable,  very  poisonous,  and  oombiiatiblf, 
burning  with  a  bluish  flame,  the  products  of  its  combustion  being  aulphurooa  oxide aed 
water.  Sulphuretted  hydrogen  imparts  a  wine  red  colour  to  the  blue  colouring  mattaroC 
vegetables,  a  property  which  it  shares  in  common  with  boracic,  carbonic,  and  otiier 
weak  acids,  and  on  this  account  it  is  also  called  hydrosulphuric  add.  YThen  paHod 
through  a  tube  heated  to  redness,  sulphuretted  hydrogen  is  decomposed  with  depo- 
sition of  sulphur.  Water  dissolves  from  2'5  to  3  times  its  volume  of  anlphnzetted 
hydrogen  gas.    The  solution  is  clear  when  freshly  prepared,  but  gradually  ~ 


muddv  by  keeping,  owing  to  the  separation  of  sulphur  as  a  result  of  partial  oxidatioii. 
For  tliis  reason  sulphuretted  hydrogen  water  requires  to  be  kept  in  well-stoppved 
botUes. 

Sulphuretted  hydriM^en  absorbed  by  humus  or  other  porous  substanoea  decompoees 
in  contact  with  air,  its  hydrogen  oxidising  to  water,  while  sulphur  is  at  the  aametimB 
set  free.    When  a  mixture  of  sulphuretted  hydrogen  and  air  is  heated  in  eontatfi 
with  porous  bodies  to  40^—50°,  a  portion  of  the  stSphur  is  oxidised  aa  well  as  tlac 
hydrogen,  water  and  sulphuric  acia  bdng  formed. 

Sulphuretted  hydrogen  is  an  unstable  substance ;  chlorine  readily  abetracta  its  hy- 
drogen, forming  hydrochloric  acid  and  liberating  sulphur,  which  then  oombinee  wiCii 
chlorine  when  it  is  present  in  excess.    Ohlorine  is  therefore  employed  aa  an  antidote  la 
cases  of  poisoning  with  sulphuretted  hydrogen.    Bromine  and  lodme  act  in  a  similsr 
manner  upon  sulphuretted  hydrogen.    Fuming  nitric  acid  decomposes  aulpfaueCtsi 
hydrogen  with  explosive  violence.    Sulphuretted  hydrogen  is  decomposed  by  moit 
metals  with  the  aid  of  heat,  hydrogen  gas  being  liberated  and  a  sulphideofthe  mitd 
formed.     The  property  possessed  by  sulphuretted  hydrogen  of  predpitating  aeiwal 
metals  in  the  form  of  sulphides  from  solutions  of  their  salts  renders  it  a  veiy  vafaaU* 
reagent  in  analytical  operations. 
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len  required  on  a  Bmall  scale,  snlphuretted  hydrogen  is 
fvnerallj  prepand  by  pouring  dilnte  snlphnric  acid  or  hydrochloric  acid  upon  pieces 
of  fenoQS  ■amide  contained  in  a  good-fiized  glass  flask.  The  reaction  is  represented 
hj  the  f oUowiDg  aquation : 

FeS  -f  H^0«  a  FeSO«  +  H^. 

Tlie  gas  is  passed  through  aWoulfe's  bottle,  containing  some  water,  to  free  it  from 
any  paitielee  of  acid  carried  over  with  the  stream  of  gas. 

For  the  preparation  of  sulphuretted  hydrogen  free  from  uncombined  hydrogen,  it  is 
better  to  use  antimonous  sulphide,  instead  of  ordinary  ferrous  sulphide  which  alwa^ 
eontaina  some  metallic  iron  UiAt  gives  rise  to  evolution  of  hydrogen.  The  crude  anti- 
monous sulfide  of  commerce  suffices  for  this  purpose,  and  hydrochloric  acid  is  used  for 
deoompoocg  it. 

Snlphuretted  hydrogen  is  also  prepared  on  a  large  scale  from  ferrous  sulphide  and 
dilute  anlphuric  add.  The  ferrous  sulphide  is  obtained  by  melting  together  28  parts 
of  iron  scraps  with  16  parts  of  sulphur  in  graphite  crucibles  two  feet  high.  At  Oker 
the  finxous  sulphide  is  prepared  by  melting  together  2  parts  of  iron  pyrites  poor  in 
eopper  with  1  part  of  copper  ore  slag,  containing  about  50  per  cent,  iron  ana  1  per 
eent.  eopper.  The  excess  of  sulphur  of  the  iron  pyrites  combines  with  the  iron  of  the 
slag,  forming  ferrous  sulidiide.  Upon  tre^iting  the  product  with  acid,  the  copper 
sulphide  remains  unalterecL    A  similar  method  is  employed  at  Freiberg. 

The  ferrous  sulphide  obtained  in  either  of  the  above  way8  is  placed  in  leaden  vessels 
and  eovered  with  dilute  sulphuric  acid,  the  sulphuretted  hydrogen  evolved  being 
pawed  before  using  through  a  vessel  containing  water. 

Welti's  method  of  preparing  sulphuretted  hydrogen  depends  upon  the  fact  that 
hydrogen  and  hydrocarbon  gases  in  contact  with  red-hot  iron  pyrites  yield  sulphu- 
retted hydrogen.  The  gas  employed  for  this  purpose  is  obtained  by  imperfect  com- 
biution  of  foel,  conducted  in  such  a  way  that  the  air  supplied  for  the  combustion,  in- 
stead of  ascending  through  the  burning  material,  is  made  to  pass  downwards 
ihronfjtk  the  heated  fuel  and  thus  produce,  by  the  heat  generated,  a  kind  of  distillation 
of  tlis  onbumt  fuel,  by  which  means  the  gas  becomes  charged  with  hydrogen  and  car- 
hsntted  compounds. 

The  geneiator  employed  has  the  form  of  a  shaft  furnace ;  it  is  completely  filled 
with  dumoal,  which  is  ignited  above  the  grate,  and  while  the  furnace  is  open  above, 
air  la  blown  in  from  below,  so  as  to  bring  the  entire  mass  to  a  red  heat  The  generator 
is  then  well  closed  above  and  the  gas  is  compelled  to  pass  downwards  through  the 
mt^  and  through  a  brick  fine,  into  the  pyrites  furnaces.  The  pyrites  fomaces  are 
built  of  fire  bricks,  and  are  entirely  filled  with  pyrites.  The  gas  from  the  generator 
wtcBS  the  pyrites  furnaces  througn  a  fire  bridge,  through  which  air  is  passed  at  the 
ssma  time,  sufficient  to  cause  partial  combustion  of  the  gas  and  the  heating  of  the 
nrritet  up  to  the  tempcHrature  required  for  its  decomposition  by  the  unburnt  gas  in 
tM  manner  already  mentioned. 

,  — 43ulphuretted  hydrogen  is  employed  principally  as  an  analytical  reagent  in 
labonlories,  in  a  state  of  solution  as  well  as  in  the  gaseous  state.  It  is  used 
in  quafitattre  analysis  for  separating  one  group  of  metals  from  another,  the  metals  of 
the  one  group  being  precipitated  by  it  from  acidulated  solutions  of  their  salts,  while 
the  metals  of  the  other  group  are  not  precipitated,  but  remain  in  the  filtrate. 

Snlphuretted  hydrogen  is  also  often  employed  in  quantitative  analysis  and  for  the 
pnpafmtion  of  ammonium  sulphide  and  potassium  sulphide,  etc. 

fiNdphuretted  hydrogen  is  used  on  a  large  scale  for  removing  arsenic  from  sulphuric 
acid,  for  pfeeipitating  copper  from  solutions  of  the  salts  of  that  metal,  and  for  pre- 
dpititing  gM  in  the  extraction  of  gold  and  silver,  from  waste  materials  containing 
Umb,  bj  t£e  chlorine  process. 


.  OAMMOm    BZBUtiFHXBS. 

Formula  CS^      Molbculab  Weight  76. 

—Bisulphide  of  carbon  was  accidentally  discovered  by  Lampadius,  in 
ITM,  while  heating  charcoal  to  redness  with  pyrites.  He  described  the  properties  of  the 
body,  bat  he  did  not  succeed  in  obtaining  it  again  according  to  the  old  method  until 
IM.  Meanwhile  CUment  and  Desormes  obtained  the  same  substance  by  the  action 
flf  SBlphnr  upon  charcoal,  and  named  it  ml/ure  de  carhone.  Its  composition  was  long 
fiipated.  Mrthollet  asserted  that  the  compound  obtained  by  CUment  and  Desormes 
~  DO  carbon,  but  consisted  of  sulphur  and  hydrogen  only,  and  Vauquelin  ex- 
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prc88«d  the  nme  opinion.  In  1811  Cliuel  laid  before  the  Fnneh  Academy  a  pa^ 
containing  the  resnlte  of  experiments,  according  to  niiich,  carbon  bifolfdiide  nia 
asserted  to  contain,  besides  carbon,  nitrogen  and  hydrogen  as  well.  The  oooseqiieim 
of  this  assertion  of  Clnxers  was  that  Vanqnelin  began  a  new  series  of  reeearehea  into 
the  nature  of  the  body,  and  eventoally  succeeded  in  establishing  its  true  oompoeition. 

Cliaraoters. — Carbon  bisulphide  at  the  ordinary  temperature  is  a  mobile^ 
strongly  refracting  liquid,  having  a  specific  gravity  of  1*298.  It  is  eolomxleHi 
and  luks  a  peculiar  unpleasant  odour.  The  smell  of  commercial  carbon  bisnlphida  is, 
however,  partlr  owing  to  its  containing  small  quantities  of  sulphuretted  hjdxageo; 
it  may  thererore  be  got  rid  of  by  shaking  the  carbon  bisulphide  up  with  watei 
containing  hydrated  oxide  of  lead  suspended  in  it,  decanting,  and  disdUiiig;  tbe 
sulphuretted  hydrogen  combines  with  the  hydrated  lead  oxi£,  and  the  smell  dis- 
appears. According  to  Cloez,  it  is  better  to  make  use  of  small  pieces  of  merenric 
chloride,  in  the  pUce  of  hydrated  lead  oxide,  the  carbon  bisulphide  being  shaken  up 
with  the  mercuric  chloride,  and  then  sloiH.y  distilled  In  a  water  bath.  Pore  carbon 
bisulphide  boils  at  48^,  the  specific  gravity  of  its  vapour  is  2*66.  The  latent  heat  fd 
the  vapour  of  carbon  bisulphide  is  much  less  than  that  of  steam.  It  follows,  as  a 
consequence  of  this,  that  carbon  bisulphide  vapour  need  be  deprived  of  only  a  mall 
quantity  of  heat  in  order  to  insure  its  condensation ;  and  that  on  this  aoeount  it  ii 
advisable  to  surround  vessels  from  which  carbon  bisulj^de  is  distilled  with  bad 
conductors  of  heat,  otherwise  a  large  quantity  of  the  vapour  condenses  befoce  gettii^ 
into  the  condenser,  and  flows  back  into  the  distilling  vesseL 

When  burnt,  carbon  bisulphide  develops  a  heat  equal  to  3400  heat-nniti,  len 
than  half  that  of  wood  charcoal.  It  bums  with  a  beautiful  blue  flame,  yielding 
carbonic  dioxide  and  sulphurous  oxide,  according  to  the  equation: 

GS,  +  60  -  CO,  +  2S0, 

Its  tension  is  so  considerable  that  it  takes  flre  at  the  ordinary  tempentnre  (18^^ 
22^  C.)  when  a  burning  body  is  brought  near  the  surfiice  of  the  liquid  it  not  **^^ 
necessary,  in  order  to  cause  ignition,  Uiat  the  burning  body  should  oome  in  oontaet 
with  the  liquid  itself ;  a  property  which  very  much  increases  its  dangerous  natu»  A 
mixture  of  carbon  bisulphide  with  air  explodes,  under  certain  conditions,  with  groat 
violence.  For  this  reason,  it  is  necessary  to  exercise  great  caution  with  Tnmnli  con- 
taining carbon  bisulphide,  for  an  explosion  of  a  vessel  containing  this  substanee  may 
very  easily  cause  the  contents  of  neighbouring  vessels  to  take  flra ;  and  in  addition  to 
the  danger  arising  from  the  explosion  itself,  suffocating  gases  are  produced,  saflh  aa 
sulphurous  oxide  and  carbonic  dioxide,  as  well  as  the  unbumt  nitrcgen  of  the  air. 

Carbon  bisulphide  is  almost  insoluble  in  water,  but  is  very  easily  aolnhle  in 
alcohol,  benxol,  oil  of  turpentine,  and  other  liquid  h^rocarbons ;  it  is  an  <rTw>1lftit 
solvent  for  iodine,  ordinary  phosphorus,  and  crrstalbsed  sulphur.  Payen  sneoeedad 
in  freeing  illuminating  gas  from  carbon  bisulphide,  by  passing  the  gas  throng  TMnlf 
containing  pieces  of  crystalline  sulphur.  In  order  to  regain  both  the  snlpliv  and 
the  carbon  bisulphide  it  was  then  only  necessary  to  distill  off  the  UXUr, 

If  a  few  drops  of  nitric  add  be  poured  into  a  jar  containing  carbon  >«fn1phi5ift 
vapour,  sulphur  is  deposited,  and  a  ireddish  gas  is  formed ;  the  reaction  being  aflooB- 
panied  by  the  ai^)earance  of  a  bluish  white  flame,  a  portion  of  the  ■nlphnr 
being  oxidised  to  ndphurous  oxide.  Carbon  bisulphide  deports  itself  to  scmie  extent 
as  an  add.  It  combines  with  metallic  sulphides,  such  as  potassium  sulphide  and 
sodium  sulphide,  etc,  forming  crjstallisable  salts.  Brought  into  contact  with  the 
alkalies  and  6(^uble  earthy  bases,  carbon  bisulphide  replaces  the  o^^gen  in  them  with 
sulphur,  forming  carbonic  add  and  metallic  sulphides  which  combme  with  a  ftutiber 
portion  of  carbon  bisulphide,  forming  salts.  It  reacts  in  an  analogous  manner  with 
the  insoluble  metallic  oxides,  when  its  vapour  is  passed  over  them  at  a  red  he«t. 

The  characteristic  coloration  of  a  weak  solution  of  iodine  in  carbon  bisulphide  is 
taken  advantage  of  as  a  test  for  iodides.  One  tenth  part  by  volume  of  carbon 
bisulphide  is  added  to  the  liquid  to  be  tested,  forming  according  to  the  density  of  the 
liquid  a  well-defined  stratum  either  above  or  below  it.  A  few  drops  of  chknine 
water  are  then  added  to  set  the  iodine  free,  and  the  whole  well  shaken.  After  «t^MMiit^ 
for  a  moment,  a  beautiful  violet  coloration  of  the  carbon  bisulphide  is  observed ;  witE 
traces  of  iodine  the  coloration  is  of  a  rose  tint.  Carbon  bisulphide  is  not  decomposed 
by  boiling  water  under  the  ordinary  pressive  of  the  atmosphere :  a  fact  of  importanee 
in  the  rectification  of  crude  carbon  bisulphide,  and  its  use  on  a  huge  scale. 

Sulphuretted  hydrogen  dissolves  readily  in  carbon  bisulphide,  forming  with  it, 
according  to  Zeise,  an  unstable  chemical  compound.  The  following  substances  an 
either  pfutly  or  entirely  soluble  in  carbon  bisulphide,  riz.,  the  resins,  the  varieties  of 
gum  resin,  the  balsams,  asphalt,  camphor,  wax,  the  &ts  and  fatty  adds,  the  adds  cf 
camphor,  benzoic  and  dnnamic  adds,  parafiin,  etc. 
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Owing  to  thv  gnat  Tolatility  of  carbon  Uiulphide,  great  cold  maj  be  prodoced  bj 
itB  er^wrMioD,  ud  if  diis  Ulua  place  ver;  qoicU;  oncler  tbe  oU  pomp  a  rold  of  —  60° 
■aj  b«  obtained. 


Vi  apM I  ■  I luu.— Carbon  biaolpbide  nu;  Iw  prapand  on  a  smalt  scale  hy  m 
of  the  ftpparatni  (howo  in  fig.  80,  conmsting  of  a  itoneiraie  retort  (a)  with  a  tnl 


i,  bf  meani  of  a  Inte  conriiting  of  daj  and  -water,  a  porcelain  tabs 

idi.    The  retolt  ia  filled  np  to  the  neck  with  peOM  of  charcoal, 

K«  M  and  fitted  ui  tight  with  on  adapter  (f).    This  adapter  is 

d  wilb  a  Uebigi  coDdenacr  (o),  the  gitut  tabe  <^  which  (j)  pause  nito  a 

,    mbnlatad  receirer  (a).    A  glaM  tabs  (I)  ia  fitted  into  the  neck  of  tfae  sfoond 

Inbilni  ef  the  iMMTer  to  condoct  the  nncondenaed  gasM  into  •  floe  with  a  good 


dra^L 
WbMtl 


_ipBistai  hae  been  proved  to  be  air  tight,  ths  retort  ia  heated  to 
bri|^t  tedneM,  and  amall  piecee  of  mlphnr  are  thrown  into  it.  at  interraU  of  atunt 
two  "■■""'—,  thnnigh  o ;  the  porcelain  tobe  being  cloaed  with  s  cork  aa  aoon  ai  posaible 
after  Mch  fteah  addition  of  Bulphur.  AccoMtng  to  the  dsrelapment  of  carbon 
I-— ipinj.  wfaiohia  obaerred  in  tlie  adapter  (f),  the  operator  can  j'ndge  ef  the  lapidi^ 
wHb  whidi  anljdinT  is  to  be  added. 

Hm  nl{4iBr  iqion  &lling  into  the  retort  ia  Tolatiliaed,  and  coming  into  contact 
with  BB  exeiM  of  charcoal  at  a  hi^  tempeiatnre.  combinee  with  it,  forming  carbon 
liiailnhiiVi  ^la  pcodoct,  which  sKapea  tut  rapidly  at  ao  high  a  temperature,  oarrJM 
with  it  I  HMJilMalilii  quaotitiea  of  ■olphur.  The  Tapour  condenMS  partlj  in  the  adapter 
(r)  aod  partlj  in  the  eondaour  (□),  the  liquid  collecting  in  Iho  receiver  (■). 

Can  nnat  be  taken  to  inenle  a  conatant  flow  of  water  in  the  condenser  (o),  which 
niMJata  cf  an  ontar  matallic  tube,  through  the  axis  of  which  is  paoed  a  long  Btam  tube 
mtfpCKlai  bj  perforated  corks.  The  vapour  which  has  to  be  condtnscd  la  poaaad 
thrao^  tbe  innar  glass  tnbe,  while  the  space  between  the  two  tnbes  is  continuall; 
^[^n»<  with  cold  water  b;  a  funnel  (h)  near  the  lower  eztremitj,  while  the  b(^ 
watOT,  baing  speeificall;  lighter,  escapeH  at  the  other  end  (i). 

In  otdar  to  free  the  carbon  bisulphide  collected  id  tho  receiver  from  anlphnr,  it  ia 
aabnittad  to  diatillation  in  a  glass  retort  over  a  water  bath,  the  Balphnr  renvuaing  in 
the  ntoit.  CarboD  biaolphide  thus  truted  ia  however  not  quite  pnre  ;  it  atill  contuna 
aatpfaarattad  fajdrcgen.  To  get  rid  of  this,  the  carbon  bisulphide  is  allowed  to 
Maad  Int  cf  all  in  contact  with  hydratad  lead  oxide,  then  dried  omr  caldnm 
eUorida.  and  finallj  distilled.  Calcium  chloride  ma;  be  with  advantage  replaced  by 
lamiilnliiil  ■nlpfanria  and,  &am  which  it  is  easy  to  aepante  the  carbon  bianlphide 
bj  laaana  of  asqianliiighmnel. 

By  anng  the  appaiatns  jnst  dMcribed,  it  ia  easy  to  produce  in  a  single  day  40 
oaneaa  of  eatboa  bianlphide,  bnt  the  preparation  is  tliia  way  ia  seldoni  earned  out,  as 
eaitiaa  baanlphide  i*  manu&ctnred  on  a  very  large  scale. 

Tha  ptapaiBtioD  of  carbon  bianlphide  for  induBtiial  purposes  was  introduced  by 
DaJM  and  jaaa*  Kahra.  Tbe  first  forms  of  apptratns  connstad  ofcait-iron  cylinders, 
is  ^dcb  anlphnr  vaponr  waa  passed  over  charcoal  heated  to  rsdness.  A  nngle 
nliDder  yielded  dally  about  2  cwts.  of  carbon  bisulphide.  Fire-clay  retorts  were 
thaa  employed,  gland  internally,  so  as  to  prevent  the  escape  of  carbon  bisulphide 
thlM)^  tlwir  pocaa,  and  a  nnmber  of  iuch  retorta  were  arranged  in  a  fomsce.  An 
ap|«ist«a  of  the  kind,  aa  conitroeted  by  Deisa,  is  represented  by  figs.  81  and  82. 

a  ia  A  fnnBM,  eontwning  four  retorts  (c)  so  arTanf;:eil  thnt  the  flame  can  play  quite 
MMid  thaaL    Tbt  interior  of  the  retorts  ia  divided  into  two  parts,  by  means  of  a 
...       .._  ->-^.  ijig  appar  part,  which  ia  the  larger  of  the  two,  eervea  to 


TspDor  fanned  npon  hasting  the  retoita  pum 
diameter  of  3  inches,  ftnd  tfasii  ioto  the  eoadMwa 


in  fig.8S;  ■ 
of  them  an  eonnaetad  togaUwr  vilh 
tnbsK  The  condNuen  ue  m*d«  of 
ahaet  linc,  and  conaiit  al  b  efOm- 
drieollj  ahaped  Ttaad,  2t  inrhw  ■■ 
diiimet«r.  provided  with  ^tcftnticM 
(_>  i)  belov,  and  Btuidiog  in  vbUt  h 
A  trough  np  t«  the  npper  aztnmi^  «f 
iheperfbrHtiona  (i  j).  TwowidatMaa 
{DUB  throogh  the  lid  of  ths  ^lindriMl 
TpincI  into  ils  intfrior,  and  aervB  tar 
<li<-  'raniraisaioii  of  the  rapoot.  'Dm 
farther  fanuahed  with  a  rim  (sV 


)>oiired  in  onler  t 

tents  can  either  bo  lemoTBd  tran  mA 

Fio.  83.  Bj-pbon,  or  the  enljre  nnmb«r  cf  »■ 

ociTen   are    to   connected  with   oat 
anotlMr.  that  it  is  onlj  neceesar;  to  drair  off  the  liquid  frum  ths  last  one. 

Theprocewof  manufacture  i«  the  fbUowing:— The  fourrelorta  are  fillad  with  ebu- 
mti,  and  then,  after  closing  the  openings  through  vhich  thp  chanxAt  waa  intmlim^. 
the  retorts  are  heated  to  bright  rednesa  by  a  coal  fire.  The  next  opeistion  uumiila 
in  dropping  pieces  of  Eulphni.  done  up  in  cflindric»I  psiper  p»;ketB.  through  ths  Mb* 
which  possaa  through  the  lid  of  the  retort  to  beneath  the  perforated  flr^-cla;  jdau. 
Two  such  pwkola  each  containing  about  &£  eaa.  of  sulphur  ure  thrown  in  at  inUnBll 
of  three  minutes,  the  opening  at  the  upper  end  of  the  porceLniu  tube  being  ciOMd 
with  a  p\ufi  of  clay  after  each  addition.  The  charcoal  is  rensved  GTery  leTen  kom, 
bwng  encb  time  heated  for  about  an  hour  anil  thnw  quarters  before  the  tempaTBtim 
requiiito  for  the  combination  with  mlphur  is  attained.  The  rapour  of  carbon  Unl- 
ptude  mixed  with  raponr  of  sulphur  escapes  through  the  dsliTniy  tuhee  (b),  paaiig 
into  the  flnt  row  of  condaman,  where  it  ia  pertly  condenwd,  togethai  wita  Mai 
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M^nr,  lli*t  U  dcponted  ii 


a  the  lolid  atate  and  is  used  agnin  ;  from  thence  the  dd- 

._^._  , to  the  (eoood.  Ihtrf,  etc.  condonBAiw,  until  at  lait  the  gaa 

fian  the  four  ntmU  is  eonditeted  ntlier  throiigh  a  chimney  into  the  air,  or  throagh 
T«Mda  eoDtainiiig  »  miittae  of  hydnted  feme  oiide  and  calcium  Bulphata  (t*ie  '  Oaa 
Mmmibcliin "),  Ii^  which  mgani  the  salpbiiretled  hydrogen  is  retained. 

Qfasvl  in  Ormdle  hat  eonaideiablj  improTed  the  npparatui  far  the  production 
at  cufaoo  btnilphid*.  An  improred  foim  of  apparatui,  an  couBtnicted  bybim,  ie 
Jaown  in  lljt.  St. 


yiaelMtl 


madp  of  c 


1,  having  sides 


1  feet  8  inches,  and  is  6J  feet  high.  It  standa  upon  n  brickvork  arch, 
«od  ia  heated  from  b  b j  the  flame  which  entirely  Buirounilx  it.  Near  the  boitom  la  a 
Jiipe  (vX  ttXtd  with  a  relre  (k),  through  which  the  sulphur  is  thrown  in,  p  is  a  tnb« 
of  cut  iron,  tutTing  a  somewhat  conical  shape  lowanl  its  upper  cxtiBmitj.  which 
eu  b*  rlnsjiil  with  a  tid.  Il  is  connactod  by  menu  of  a  metal  tube,  furnished  with 
a  tabolol  (o)  *hid  can  be  closed,  with  the  ceceivei  (h),  &om  which  the  vapour  puses 
Ibmai^  tlw  tube  (i)  into  the  condensers  (i,  k,  l).  which  are  conaectad  with  one  another 
W  msiiM  of  two  tube*.  To  the  uppermost  condanser  is  attached  a  delivery  pipe  (h), 
tCipa^  whidi  the  Dncoodensed  gas  and  vapooi  ocape.  The  whole  of  the  condensed 
NriMM  bkolfdiide  eoUeds  in  the  lownt  vessel  (j),  that  portion  which  candeneeB  in  E 
lldt.  flDWiug  down  into  i  through  the  communicatini;  tubes,  and  it  is  drawn  off 
bj  MMM  M  th»  a>ck(>>).  The  three  cylindrical  condensers  (j,  x,  and  l)  are  con- 
Uiiad  in  a  luve  tank  6  feet  high  and  6  feet  wide,  filled  with  cold  water,  which  can 
b«  fswri  >t  [deunrr. 

Tllc  fjMt-iwin  TBMal  (c)  is  charged  with  dry  wood  charcoal  broken  into  fmall 
jittm,  vfaich  an  thrown  in  through  a  funnel  (fig.  Si),  and  it  is  then  heated  to  bright 
ndasa;  Salphar  is  next  thrown  in  at  intervals  at  k.  and  upon  coming  into  contact 
with  ths  red-bot  rend,  melts,  is  convened  into  vapour,  and  passing  over  the  red-hot 
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rbnnoal,  (onnii  with  it  earboD  taiBlpbidr.  A*  vu  tbe  oar  *ith  the  atiua  fcrai 
III  npparatoH,  no  nlwi  hca  Mlpbnr  vaf^isr  U  dirieJ  onr  with  the  .-arbau  biulphida, 
and  is  mnilMmii  in  the  rvmel  (u).  from  which  the  lulphur  can  be  caalj  remored, 
dw  more  volatile  c&ibon  bimlphide  paasing  Ihrongli  ihe  pipe  (i)  loto  the  condfiiiHn 

(1. «.  ■■)• 

The  additioD  of  aolpbnr  is  euned  on  ten  houn  daily :  in  poftiou  of  abuol  I  Ibl. 
•t  intsrvaU  of  three  minute*.  The  otbii  ir  heated  during  the  night  in  ordei  to  ens- 
pletely  rolKtilite  all  the  KDlphor ;  the  iwidue  of  chaTcml  left  the  next  momiaf  ii 
nllowed  to  remain,  and  a  new  charge  \i  Added  to  it.  For  the  jmrpoae  of  rxduiguig^ 
the  communication  between  tbe  dereloping  vnael  and  H  ii  brakan,  bj  openiB(  th* 
tnbnina  (a)  and  stnfGng  it  with  a  piece  of  moi»I  rag.  The  renal  (c)  ii  then  ndiwgad 
with  fieih  chsKoal,  the  rapoim  of  ctrbon  bienlpbide  which  are  alwaji  theiaby 
(brmed  eaeaping  throngli  thechimuej  (p).  The  m.-eiTer  (h)  ia  emptied,  connected  again 
with  C,  a  ia  cloaed,  and  the  chariMal  ng^in  biviir<l  to  ndnaaa. 

Tha  nppaiatoa  jielda  in  tweat^-foar  houn  about  44  galloDH.  or  STO  lb*,  of  cMibna 
biaulphide,  whid  requires  Iheoteticnllj  480  Ibe.  of  aolphut  and  00  Ibo.  of  carbon, 
bat  in  practice  6M  Ibe.  of  sulphur  and  242  IbH.  of  wood  cborcoal  are  nied. 

Qfimld  bM  raeentlf  found  it  Expedient  to  lunound  the  eaM-iron  veeaela  wil^ 
brickwoili.  which  reodera  them  more  durable  and  capable  of  lasting  two  <a'  thiM 
ntonlha.  whereas  before  they  only  looted  a  fortnight  at  the  most. 

InSg.  BS  is  giren  a  horizontal  section  of  the  new  arntngementMadoptedbjOfaBid. 
A  is  the  cast-iron  Teasel  in  which  the  charcoal  is  heated,  bent  twice  inwiidi^  inofdtrla 
increase  the  radiating  nir&ce ;  b  brickwork  mTering ;  c  flre-ploce,  in  which  the  llsmi 
circulnteii;  and  o  the  brickwork  of  the  entire  furnace. 


■TV 


dD) 


HiDBcansidersbleqnan* 
if  Bulphur  mnr  be  effected  bj  diatilla- 
bon.  The  diEtilliitg  leuel  (B,  Sg.  80)  Uak 
of  pbuet  Einc.  ii  fllted  into  a  water  b^  (a). 
whifh  IN  Rlightty  hented,  ths  Tapoors  of 
rarb  n  bisulphide  paexiDg  through  a  wide 
tubo(c)  into  a  serpentine  pipe  (■)BqnTOinils4. 
hj  cold  water,  where  they  coadensa ;  th^ 
liquid  carboD  bisulphide  f^  from  anlphx^ 
trickling  into  u  vessel  placed  beneath  I'to 

DcisB  roctifios  carboa   bisulphide   fiw 

lar^e  boilers  with  a  flat  bottom,  whidi  aM 
Fio.  SB.  1*>  ''™^  '"  'enelli'  H  ''^'^^  '"  diameter,  and  M 

fi.'et  higb  Tho  covers  are  domed,  and  pnitecM 
externally  by  a  bnd  conductor  of  hcnt  m  orler  thai  lu  little  carbon  bisulpluds  as 
possible  may  be  condensed  anil  returned  Vi  llie  boiler.  The  boiler  is  capable  of  r»- 
coiving  fi  tons  of  crude  carbon  bisulphide  at  a  single  charge.  A  mon-bola  ia  eoo- 
iitrucli'd  nt  the  uppei  part  of  the  boiler,  and  also  bIk  delivery  tubes  which  tcrmiuli 
iu  sii  Fcnicnlly  placed  condenserB.  At  the  bottom  of  the  boiler  thme  are  two  snpsi- 
tine  pipes,  iJimngh  which  eleam  can  be  potaed.    Steam  being  paisad  thnra(^  on  «f 
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tbna  pipea,  the  oode  carbon  bisidphide  is  hentai  U  iU  boiling  point  (18°).  The 
dittilbitioa  of  5  tons  UsIB  three  or  foaf  dsja ;  the  latent  beaC  of  100  puta  of 
■mm  ntSdng  to  hnt  to  its  botlisg  point  6S0  paiU  of  carbon  biBulphide.  The  pio- 
dncta  (rf  the  diSarant  stoeee  of  diBtillal.iDa  are  aeparntely  collected,  by  which  meana 
carbcm  binlphide  in  obtiuned  of  different  degrees  of  purity,  and  serving  different  pni- 
poeee.  The  fini  portioiu  vhich  pnss  over  contain  the  easily  Tolatile,  and  especially 
the  □dorifenmi  constitoents,  anch  na  eolphiiretted  hjcirogen,  etc.  The  middle  portions 
■r*  the  ponst,  while  the  last  portions  are  impDre  from  coataining.  aulphur.  Pot  the 
porpoae  of  distilling  off  the  veiy  last  portions  of  carbon  bisalphide,  sMam  is  passed 
throa^  the  *ee<ind  pipe,  direct  into  l^  boiler,  by  which  meaiiB  the  remainder  of  the 
carbon  binljdiide  mixed  with  eteam  passes  over  into  the  uiodensere,  where  lH>th  coa- 
ilfnt.  tlia  Guhon  Insntphide  fbrming  a  layer  at  the  bottom  of  the  water. 

'When  the  apnation  is  oter,  a  workinan  enton  the  boiler,  which  has  been  pre- 
TJooilj  Toitilated,  throng  the  manliole,  and  removes  the  sulphur  residuee. 

Tma  ^pM«tnB  baa  eesentiaUy  the  same  amngemeet  as  that  employed  in  the 
ntnetion  of  oils,  which  ia  represented  by  figs.  90  and  01. 

For  the  lemoTal  of  the  sidphnretted  hydrogen,  a  small  qaantity  of  caustic  soda  is 
tbrawn  into  the  boiler,  which  retains  the  sulphuretted  hydrogen  by  combining  with  it. 
In  Bonitie'i  appamtus  the  carbon  bisulphide  is  run  &om  a  large  reeerroir  into 
a  alill  contvnii^  eoncenttaled  caustic  soda,  and  heatsd  eitemally  by  eteam  j  the 
npoBT  ii  then  made  to  pan  through  several  other  reesels  of  the  same  kind,  some 
eontaintiig  alkaline  liquids,  and  some  coDtainiug  solutions  of  salts  of  iron,  lead,  or 
smar;  fiom  which  it  is  distilled,  and  finally  condeosad  in  a  condenser  furnished 
witb  •  Btrpantine  tab*. 

MUloa  ffanted  a  pnceea  in  which  the  carbon  bisulphide  is  mixed  with  half  its 
TDlnaa  erf  milk  of  lime,  and  then  carefolly  distilled  off. 

Oubon  binlphide  thus  obtained  and  purified  by  rectification,  conies  into  the 
maikst  in  iheat-tna  dmms,  which  hare  a  form  represented 
by  fig.  87.    Hm  plstas  fbnning  the  top  and  bottom  are  bent 
inwarts,  and  t^  nppn  one  has  au  opening  closed  by  means 

HwimoD  or  Snuixa. — In  the  manufacture,  storing,  and 
aseof  azfaon  Unlphide,  ^mat  precaution  is  necessary,  owing 
to  the  bet  ibat  at  the  ordinary  temperature,  so  mach  carbon 
bisaltAide  mar  voladliae  as  to  render  the  air  in  the  vici- 
nity uni^trable.  Ftuther  (as  hse  already  been  mentioned) 
the  Taponr  of  carbon  bisulphide,  mixed  with  atmosphenc 
air  in  certain  proportions,  forms  an  explosive  mixture,  which 
ia  the  more  dangeroiia  owiw  to  the  products  of  snch  an  ei- 
plonon  b^ng^ree  irresnnbla gases,  vii.,  carbonie  dioxide, 
ralphwoa  oxide,  and  the  unbnrnt  residue  of  the  air  itself.  Fiu.  87. 

Booms  in  which  carbon  bisulphide  Is  stored,  or  in  which  it  is  nsed,  onght  there- 
bn  to  be  isolated  from  other  buildings  and  well  ventilated.  The  vcbsels  in  which 
tlie  snbatanee  i*  stored  must  be  tolerably  large,  and  so  placed  that  they  arc  not  likely 
to  reeaivs  a  blow,  or  get  thrown  over. 

dg.  88  represents  a  vessel  for  storing  cncbon  bisulphide,  as  introduced  by  G^mrJ. 
It  ia  mada  of  sheet  line  of  a  nlindrical  shape,  holding  na 
mwh  as  30  or  SO  gallooa.  Heceiven  of  the  kind,  to  the  num- 
ber of  10,  SO,  SO,  or  more,  are  placed  upon  n  wooden  platform 
■aised  three  feet  &om  the  ground.  Each  receiver  has  u  cyliti- 
drieal  cavi^  at  the  bot.tom  in  which  a  tube  (hb)  terminntes, 
nia  tuba  has  a  rim  above  tamed  outwards,  which  serves  to 
aaearait  flnnly  upon  the  cover  of  the  reservoir.  Tliu  reservoirs 
are  filled  by  fitting  a  fonnel  into  the  mouth  of  the  tube  (h  b), 
and  pooling  carbon  bisulphide  through  it  into  the  reservoir ; 
the  air  in  the  raasrroir  eecaping  through  the  open  cock  (c). 
Whan  saffideot  carbon  btanlphide  haa  been  poured  into  the 
naerrain,  a  small  quantity  of  water  is  poured  I  n  to  prevent 
thr  avaparatioa  of  the  carbon  bisulphide,  the  cock  (c)  ia  closed 
and  (fa*  month  of  the  tube  (n)  is  plugged  up.  p,g^  gg^ 

When  required  for  use.  the  carbon  bisulphide  is  drawn  off 
fcoM  S*dl  rf«rvoirs  by  means  of  n  syphon  (fig.  89),  which  is  plunged  in  the  tnbo  (b'); 
tke  cock  (')  is  opened  and  carbon  bisulphide  to  the  required  umonrit  is  drawn  off  into 
a  TCMd'held  beneath  it.  A  singl*  syphon  serves  for  the  onliro  number  of  resen-oirs. 
Vtta  Tim  Ills  price  of  carbon  bisulphide  lias  rendered  it  possible  to  mnki'  uxo 
of  it  br  a  number  of  pnrpOMis. 


Una  it  hu  basD 


SULPHUB. 

lUy  lued  fbi  Uie  extnetioa  ottittj  oili  bom 

from  which  do  more  oil  can  be  preued  oat,  uid  alio  ii  .    _  _ 

bma  erode  vool  of  feX,  vhicb  «»a  formsrlj  loat    Tha  chiaf  M«  of 

carbon  bimlphtde  is,  hovever.  in  the  pnpuitioD  of  TiilonUed  euqt- 

cfaonc    CarboD  buulphids  U  furthei  luad  fbi  porifying  pmSa,  for 

ilphur   from  its  ora,   tar  the  prepaivtioii  of  • 

.nd  cement,  &Dd  for  filling  prisms,  foi  irtueh  pur- 

le  It  u  niea  on  account  of  its  refraetire  propertiea  ;  it  ii  also  twed 

a  poison  for  venniLi   in  ths  mannfucture  of  alnmionm.  Tsiioiu 

colooM,  smmoniom  flnlphDC3'uiide,  and  otJior  prapazmtions,  far  di*- 


solriiig  phospbonia  in  slectro-piatJng,  e 
Finally,  it  may  be  mentioned  tb  ' 


. .  d  that  atMmpta  ha*«  be«o  madr  to  n^ 

place  the  waut  in  steam  boilers  by  carbon  bisnlphida,  anas  U  doN 
not  reqnira  so  mnch  beat  for  iU  convemon  into  nfcm  u  «at« 

ExTounoM  ov  Pat,  Oil,  arc. — Deias  first  wnptojitd  esfboo  U- 
T  solphide  for  extracting  fMty  oils  from  seeds,  oil  cakes,  and  atlur 
pN«sed   residues,  and  its  application  for  such  prnpossa  hM  Hnsa 
atUined  coniiderable  dimeoaioni. 
The  anangsment  of  Deisa'  apparatus  is  represented  W  figs.  00  and  91.  AiaaasmsB- 
tPd  !jrickwork»serralr,«ith  a  manhole,  which  is  gensrally kept  doitd.  ^Rie  tail  [ap*  (4) 


Flo,  89. 


of  the  eondanser,  and  the  supply  pipe  (h')  of  the  pump  {hh),  dip  into  this  1111  iisi. 
which  it  about  22  feet  long,  6  feet  in  diameter,  and  nearly  6  feet  deep,  atid  lined  with 
lead  up  lo  ths  height  at  which  il  is  filled  with  carbon  btsulphida  and  wstor. 

The  reeerroir  aud  condansen  are  made  of  inia ;  but  siuca  it  often  happens  that 
add  residues  irom  ataaric  acid  manufactories  hare  to  be  trrated,  Che  bottom  and  dde 
walls  of  the  extracting  apparatus  are  made  of  lead,  the  tid  only  being  made  of  inm. 

The  eitracting  apparatus  (h)  has  a  domed  carer  tightly  screwed  npon  the  flanga  of 
the  extractor,  has  a  capacity  of  4400  gallons,  and  may  be  charged  with  13  tOM  of 
oil  cake.  At  a  height  of  6  inchss  from  the  floor  is  a  perforated  Aaii  [d  i\  wiaA  can 
be  remoTsd  at  plnsnre.  In  the  space  between  the  bottom  and  this  perfaiktsd  duU 
is  a  perfbiated  coil  of  pipe,  through  wbicb.  at«am  can  be  passed.  At  ths  upper  ftit 
of  tbe  eitractoF  there  is  a  second  moveable  perforated  ahelf  (if  lOi  having  abmns  it. 
nt  the  side,  two  pipes,  which  place  the  extractor  in  direct  cammnnieatioa  with  Ih* 
distilling  veesel  (n)  and  allow  the  carbon  bisulphide  saturated  with  oil  to  flow  into  ths 
still  (d)  as  soon  as  it  rises  to  the  level  of  the  upper  shelf. 

Just  below  the  lid  of  the  extracting  vessel,  on  a  level  with  one  another,  aisDiiuifaihM 
{ee),  B  inches  diameter  at  the  extremity  nearest  the  extractor,  and  6  ii 
at  the  other  extremity,  through  which  the  vapour  is  conducted  into  the 
At  each  end  of  the  extractor,  between  the  bottom  and  the  perfoiated  s] 
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•BMtttoJ  with  tha  pomp  {h  h).  throngb  which  carbon  bisulptiida  is  pttmpad  up  fiom 
tlu  naamuT  (t)  into  the  eibraclor.  At  the  liotlom  of  the  extractor  ihore  is  Mso  a 
taba  (ib')  which  upon  the  opaniDgof  a  cock  serves  to  let  oat  the  enCiro  liquid  contente 
into  llie  naanoir  (*).  Two  ether  tubes  placed  at  the  ends,  and  >it  the  bottom  of  the 
atnetoiv  gire  exit  to  the  water  uead  in  washing  or  Bleaming  th<:  ;ippanitiu.    Farallpl 


r^rra. 
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ar  (a)  is  a  large  distilling  vosse!  (d)  about  1 1  feet  long,  fi  ftet  wide, 
and,  wUhtmt  the  arching  of  the  roof,  16  inches  deep,  holding,  when  lia!f  (Hied,  about 
404  g«H™"  I>niing  the  entire  course  of  the  operation  this  distilling  vessel  is  eup- 
plie<l  bj  meuii  of  two  pipes,  with  carbon  bisulphide,  that  flows  over  above  tbe  lovel 
of  the  Bppar  shelf  in  the  extractor  (b),  after  having  mnpcmtod  its  contents.  The 
rtfaar  tnia  this  still  passes  through  9  tubes  (c  e')  into  the  pondensor  (c),  hud  by  this 
masiu  the  whole  of  the  carbon  bisulphide  volatilised  in  the  appamtus  is  condensed  and 
eoUeeted  into  the  reserrotr  (a),  from  whence  it  can  be  of^ia  pumped  up  into  the  ei- 
tiaeter  (b).  In  order  to  lessen  the  evapamtiou  of  curbon  bisulphiile  in  the  reservoirs 
(*)  it  m  coTsrvd  with  s  small  quantity  of  water. 

Hie  liquid  in  the  still  (d)  is  heat«d  b;  mE^ns  of  steam  supplied  through  the  pipe 
(/)  to  two  p'pes  coiled  several  times  upon  the  bottom  of  the  still,  the  condensed  steam 
■oiriu  bau  again  into  ths  Iniler.  By  means  of  two  other  pipes,  steam  ma;  be  ad- 
vitteddiraetl;  into  tha  still. 

la  woAing  this  appuntus,  the  6nt  thing  to  be  done  is  to  remove  the  lid  of  the 
■xtnctM'  (b).  and  fill  the  space  between  the  Bhalven  (dd)  and  (f  if)  with  the  material 
to  be  <Mnt«d  upon.  The  li<l  of  the  extractor  is  then  fastensd  down,  and  carbon  bi- 
nlpbide  ftirced  into  the  extractor  (b)  b;  means  of  the  pumps  (hh).  As  the  bisulphide 
psQStiUM  the  man  it  becomes  spedfiQill;  lighter,  owing  la  tlie  fict  that  ihe  oil  with 
wUdi  it  mixes  hni  a  specific  gisvitj  of  about  0-000,  while  carbon  bisnlphide  has  a 
BMoScgnTitjr  of  1-293,  From  the  macerating  vevsel,  the  liquid  containing  extracted 
lal  tan  in  a  continoal  stream  into  the  distilling  vessel,  which  is  heated  b;  tbe  stsam 
fspa  at  its  bottom,  and  the  carbon  bisulphide  is  distilled  off  through  the  pipes  (e*/) 
MM  tb*  condenser  into  the  reservoir  (x).  In  order  to  deprive  the  oil  of  the  last  traces 
if  Cuboo  bisulphide,  when  the  ejitructing  operation  is  over,  Weam  is  passed  direcUf 
{■la  tbe  Tiwl  (d).  throngh  tiie  ullirr  ^ipes  at  its  bottom,  which  are  perforated,  and 
tksa  iseontimied  nntil  sit  the  carbon  bisulphide  has  been  carried  away  by  the  steam. 

The  point  of  exhaustion  of  the  material  in  the  oitraclor  is  ascertained  either  from 
lb*  dar^jon  of  the  filtration,  or  by  watching  the  colour  of  the  carbon  bisulphide 
tkrawll  a  glass  tnba  let  into  each  of  tbe  pipes  conducting  the  liquid  from  ihs  extractor 
iMo  l£*  still.  Altbongh  the  oil  is  of  itself  colourless,  then  are  still  sufficient  colouring 
M  dissolved  out  Iiy  the  carbon  bisulphide  (o  admit  of  an  opinion  being  formed 
IT  the  ntncting  process  is  complete  or  not ;  as  soon  as  ths  carbon  bisol- 
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phide  pmft  owr  colonrUw.  the  extzBetion  ii  oaaradaHl  to  b«  connate.  tbatoA 
a  then  cipentid.  and  the  liqoul  cantanU  of  the  aitnctcr  (b)  ttu  mto  the  luauiiuir. 

Attn  this  opeftttioo  u  ortx,  nnrtiatcd  itcun  ii  puBcd  into  the  exti>etor  bt 
ths  ptK'.iated  Berpentina  pipe  at  the  bottom,  and  thiu  thavhtds  man  is  bood  bnMa 
up  to  IM>°C.,  any  adheriu  caibon  Inmlphide  being  thna  n>latiliwd,  and  pminfwi 
tb«  rtcam  thnn^  the  cooSeoMtt  into  the  RMmii. 

The  fllljng  Ol  the  maeenliitg  rnwl  with  earboo  laaalfAide  tahaa  ei^t  boon,  t 
macantioQ  itMlf  finr  boon ;  the  eaiptjiiig  of  the  Ducaradng  vcaael  into  the  luaiiiii 
It  the  end  of  the  operatioD  takes  two  hoan,  and  the  ««— "'"g  of  the  oil  in  orior 


the  ntatl  ii  opened,  the  eondeued  water  is  let  oat,  the  lid  and  npper  ahelf  n 
aai  Uu  itmlhtm  tpt^d  ont  in  the  air  to  irj. 

Wnfciiv  ^>1>  u  sppantnB  ol  the  abm  dimeniioca,  about  3)  Uwm  td  oil  hb 
obtaimd  ID  ttuT^  hoiin  from  26  tons  of  olim  oil  cake.  The  naidnee  traat  Ota  aao 
■ting  tmmI  an  tiMd  in  K«a  for  heating  th«  boilm,  riich  pradnoea  th«  acaam  fer  1 
wlttSe  appalatni. 

Tta  eztndioD  of  &t  from  booea  ia  at  preaent  generallj  eaniad  ou  bj  bdii 
them  in  clowd  vaatet*  with  water,  an  opaiatioD  hj  which  a  good  deal  of  JU  b  ri 
left  in  thobonea;  itaeAmetioti  maj  beelIected*ithgnateiadTaiitageuiduan«a 
pletely  bj  meana  of  carbcm  tnanlphide. 

Whan  bonea  an  treated  in  the  appuatoa,  a  tempsston  of  140°  0.  ia  m 
extractioo,  and  thia  ia  attained  l^fwaing  hot  wstsr  or  ateun  intothadigea 
a  anpoDtiDC  tnbe. 

Booea  axhaaatad  of  llidi  bt  bj  uuentirai  with  mbon  bifolphida  an  ym  h 
able  tat  preparing  bone  charcoal,  while  on  the  othsi  band  tha^  an  not  St  tat  1 
pnijioae*  of  the  ^ne  boiler,  owing  to  the  fact  that  the  actiim  of  c&rfacn  tnmlpUda 
thepteeeiiceof  water  at  100°  C.canMa  a  decompoaitioa  of  the  organic  aobatance^whi 
rsnden  the  glne  brittle. 

Thia  effect  ia  apparantlj  aimilar  to  that  CReited  upon  wool  whan  it  ia  baatad  W) 
earboa  bianlphide  (v  pnrpoaea  of  eztncting  ita  fat  in  the  above  manner. 

Eitradiim  of  Fat  from  WmI. — The  apparatna  lued  for  this  ponnae  bj  Hoii 
and  Jtaime  ia  reproaanted  bj  flg.  92.    The  eitractor  conaiBta  of  a  laige  ej^ndiii 


Tcaael  (a.)  of  sheet  iron,  with  a  doee-Etting  covac  and  double  walla,  between  wfaidh 
water  eireolnljis.  At  a  short  dietance  &oni  the  bottom  there  is  a  peiforatad  M 
apon  which  the  wool  to  bs  extracted  is  placed.  A  perforatod  plat«  can  be  piMS 
down  npon  the  wool  by  meana  of  screws.  A  pump  (c)  foicea  t^  carbon  bisa^W 
from  the  reservoir  (s)  into  the  cjlinder  (i1  beneath  the  perforated  shelf,  and  a  B^ 
Dlaeed  as  near  as  poeeible  to  the  centre  of  the  extractor  conducts  the  fat  dissdlndas 
by  the  carbon  bisnlphide  into  the  still  (b),  which  is  heated  bj  &  coil  of  pipe  at  A 
bottom,  and  has  a  cock  for  the  pnrpose  of  letting  oat  the  fat  freed  from  earbtm  IM 

elide.    Bj  a  second  coil  of  perforated  pi[|e  saperbeated  steam  can  be  paaaed  doMll 
to  the  Ikt,  so  as  to  nmoTe  tltc  Inst  portioDs  of  carbon  bisulphide. 
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A  worm  tabe  (l)  placed  in  the  yessel  (j)  oondenses  the  vapour  of  carbon  bisulphide 
iping  from  the  still  (b)  and  deliyers  it  into  the  reservoir  (d).  By  means  of  the 
air  pomp  (■)  air  is  pumped  out  of  the  reservoir  (d)  and  pressed  into  tlie  extractor  (a), 
thxoQgh  a  tube  Mvend  times  bent  and  fitted  towaras  the  end  with  a  jacket  (m)  through 
'whkh  water  is  passed  at  a  temperature  of  70^  C.  The  heated  air  being  at  the  end  of 
the  operatioB  forced  through  the  wool,  carries  with  it  the  last  portion  of  carbon  bisnl- 
phide,  through  a  pipe  at  thfl  bottom  of  the  macerating  vessel  into  the  condenser  (h), 
where  the  vs|xnir  is  condensed  and  flows  into  the  general  reservoir  (d).  ^  The  entire 
appantOB  is  in  oommonication  with  the  interior  of  a  gasometer  (^),  which  serves  to 
regulate  the  preesnre  in  the  interior  of  the  apparatus  in  such  a  way  that  it  is  always 
the  nma  as  the  pressure  outside.  In  the  tube  leading  from  the  macerating  vessel  (▲) 
into  the  distilling  vessel  (b),  as  well  as  at  the  ends  (o  and  n)  of  the  condensing  worms, 
pieoM  of  glass  are  let  in,  which  serve  to  show  the  colour  of  the  liquid  flowing  from  ▲ 
to  B,  and  also  the  rapidity  of  the  distillation.  Close  to  each  of  these  glass  windows  is 
a  small  cock,  from  which  a  small  quantity  of  liquid  may  be  drawn  off  to  test  whether 
the  eartzBfeting  process  is  still  goins  on  or  not ;  for  which  purpose  a  little  of  the  liquid  is 
plaoed  i^on  a  watch  glass,  and  aUowed  to  evaporate  in  order  to  see  if  a  residue  of  fat 


The  eoek  (x)  between  the  reservoir  (d)  and  the  air  pump  (s),  and  the  cock  (t) 

WMD  the  maoeratiDg  vessel  (▲)  and  the  condensing  worm  (h),  have  a  double  perfor- 
atioo,  so  as  to  admit  of  these  parts  of  the  apparatus  bein^,  at  pleasure,  either  placed 
in  oonmnmication  with  one  another,  or  of  air  being  drawn  in  by  means  of  the  air  pump 
(a)  throng^  the  cock  (x),  forced  through  the  apparatus,  and  expelled  by  the  cock  (v). 

The  maoeratang  vessel  (▲)  is  chimed  with  about  10  tons  of  wool,  and  the  press 
plate  serswed  down  so  as  to  reduce  its  bulk  to  at  least  one  half.  The  pump  (c)  is 
thm  set  going  and  the  maoerator  gradually  filled  with  carbon  bisulphide,  ^niich  enters 
vndflRMath  ue  perforated  fiilse  bottom,  penetrates  the  wool  gradually  from  below 
npwtfds,  passes  through  the  holes  of  the  press  plate,  and  flows  at  last  into  the  distill- 
iBg  veanl  Tb).  The  fihration  of  the  carbon  bisulphide  through  the  wool  is  continued 
■Dtil  the  liquid  flowing  from  ▲  ton,  when  examined  through  the  glass  window,  appears 
CGloiiileaB,  and  a  portion  of  it  drawn  off  and  allowed  to  evaporate  leaves  no  residue 
offiit. 

In  proportion  as  the  carbon  bisulphide  containing  dissolved  &t  flows  into  the  dis- 
tilliag  vessel,  it  is  evaporated  by  means  of  the  serpentine  tube  at  the  bottom,  the 
vapour  eondensing  in  the  worm  (l).  When  the  extracting  process  is  complete,  the 
eoek  eomiecting  the  pump  (c)  with  the  macerator  (a)  is  closed,  and  tho  air  pump  (e) 
set  IB  motioii.  By  tnis  means  the  air  is  drawn  from  the  extractor  ^a)  through  tho 
take  coptaining  the  cock  (t),  the  greater  portion  of  the  carbon  bisulphide  adhering  to 
the  wool  beiBg  carried  with  it  at  the  first  few  strokes  of  the  pump,  through  the  eon- 
dcBMT  (m)  into  the  reservoir  (n).  When  no  more  liquid  is  observed  to  flow  past  tho 
risss  wuMow  {is\  water  at  a  temperature  of  70^  C.  is  allowed  to  circulate  in  the 
jai^at(]f);  the  air  thus  warmed  penetrates  the  wool,  removing  the  greater  part  of 
the  adhenot  carbon  bisulphide  as  vapour  which  is  condensed  in  the  worm  (h).  At 
the  sad  of  the  process  the  cocks  (x)  and  (t)  are  set  so  that  air  can  enter  through  the 
fonnsr  and,  after  having  passed  uirough  the  wool,  escape  through  the  latter ;  it  always 
eontaiBs  tanoes  of  carbon  bisulphide  and  is  therefore  conducted  into  the  open  air. 
The  wool  thus  delved  of  fat  and  dried,  is  taken  out  and  freed  mechanically  from 
paiCieles  of  dust. 

Bj  this  method,  a  considerable  amount  of  fatty  substance  is  obtained  from  sheep's 
wool,  and  it  bibt  be  employed  advantageously  in  the  preparation  of  soap. 

The  materials  treated  with  carbon  bisulphide  in  order  to  obtain  the  fatty  ingre- 
dients they  contain  are : 

L  The  dark-ookrared  tar-like  residues  of  stearic  acid  manufactories,  which  are 
piodiiets  of  the  treatment  with  sulphuric  acid.  They  yield  to  carbon  bisulphide  from 
18  to  20  per  eent.  of  fatty  acid,  which  was  almost  entirely  lost  before.  The  residues 
an  miasa  with  sawdust  in  order  to  facilitate  the  filtration  of  the  dissolved  portion. 

n.  The  dark  brown  cart  grease  which  ooses  from  the  axles  of  cart  and  carriage 
wheels^  beeoming  hard.  For  obtaining  the  fatty  acids  from  this  kind  of  refuse,  it  is 
int  of  aH  ticated  with  sulphuric  acid,  washed,  and  dried. 

TTT  Tow  and  rags  used  in  cleaning  and  oiling  machinery.  These  can  be  treated 
aX  OBee  with  carbon  bisulphide  without  the  addition  of  sawdust.  This  treatment  of 
rags,  etCL,  has  a  threefold  advantage :  recovery  of  fat  or  fatty  acids ;  purification  of  the 
raos  so  that  they  ean  be  used  again ;  and  the  prevention  of  danger  arising  from  tho 
^SUitj  to  spoDtaneous  ignition  which  oily  rags  or  other  greasy  materials  possess 
whrapiled  together  in  heaps. 

IV.  The  leAiM  of  the  preparation  of  bees'  wax,  which  yields  with  carbon  bisulphide 
a  entain  amount  of  yellow  wax  that  is  useful  for  many  purposes. 

1.2 
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V.  Sawdust  that  has  been  used  for  filtering  oils  after  purification  with  eolphurie 
acid. 

VI.  The  dirty  sediment  produced  by  the  treatment  of  various  oils  with  sulphuric 
acid  contains  about  50  per  cent,  of  oil,  which  may  be  extracted  with  carbon  bisulphide, 
after  treating  the  sediment  with  boiling  water,  to  destroy  the  sulpho-fatty  acids,  diy- 
ing,  and  mixing  it  with  sawdust. 

YIL  Bones  from  slaughter-houses  and  kitchens,  that  are  to  be  used  in  the  prapa- 
ratiraof  bone  black,  yield  with  carbon  bisulphide  from  10  to  12  per  cent,  of  fat 

VIII.  The  expressed  residues  of  oil  seeds,  such  as  rape,  sesame,  nettle,  flax,  etc, 
when  they  cannot  be  profitably  employed  as  fodder.  In  all  cases  it  is  necessary  to 
break  up  the  oil  cakes  into  small  pieces  before  treating  them  with  carbon  bisulphide, 
so  as  to  insure  thorough  penetration  of  this  substance.  The  residue  left  after  extract- 
ing the  fat  is  hardlpr  suitable  for  fodder,  but  it  is  a  valuable  manure. 

IX.  The  cracklings,  or  greaves,  obtained  by  the  melting  of  tallow. 

X.  The  pressed  cacao  ^ns,  from  which  no  further  cacao  butter  can  be  obtained 
by  mere  pressing. 

XL  The  prised  residues  obtained  in  the  preparation  of  olive  oil ;  there  an  two 
sorts,  according  to  the  way  in  which  the  expressing  operation  has  been  petfbrmed. 
Sauza  is  the  residue  obtained  by  simply  crushing  and  pressing  the  olive.  It  oon> 
tains,  besides  the  pulp  of  the  fiesh,  also  the  kernels,  which  increase  the  weight  and 
volume  of  the  mass  very  considerably,  without  being  of  any  intrinsic  value.  Suceia 
is  prepared  from  sanza  by  boiling  it  for  a  short  time  with  water,  until  the  kernels  are 
detached,  and  fall  to  the  bottom  of  the  pan ;  while  the  fiesh  of  the  fruit  remains  sus- 
pended in  the  liquid.  This  is  skimmed  off,  placed  on  a  sieve,  and  pressed.  Although 
a  small  quantity  of  oil  is  thus  pressed  out  with  the  water,  the  buccia  or  doubly  preft-od 
residue  contains  a  larger  amount  of  oil  than  sanza,  because  the  kernels  have  been  re- 
moved. This  rich  oily  refddue  is  used  in  Italy  as  fuel,  and  especially  in  cases  of  fee 
tivity,  on  account  of  the  bright  fiame  yielded  by  it.  On  this  account  its  price  is  so 
high,  that  although  it  contains  from  22  to  25  per  cent,  of  oil — ^that  from  Calabria, 
indeed,  often  containing  28  per  cent,  -  there  is  difficulty  in  obtaining  a  suffident  quan- 
tity at  a  price  cheap  enough  to  render  its  working  up  practicable. 
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These  two  rare  elementary  substances  are  closely  analogous  to  sulphur  in  their 
chemical  relations.  Selenium  occurs  naturally  either  with  sulphur  or  combined  with 
other  elementary  substances  as  seleuides,  which  resemble  sulphides  and  are  often  pre- 
sent in  small  proportions  in  some  kinds  of  pyrites ;  hence  selomum  is  frequently  fimnd  in 
the  flue  dust  deposited  in  the  cham))ers  of  sulphuric  acid  works  where  pyrites  is  burnt  as 
a  source  of  sulphur.  A  mineral  occurring  in  the  Harz  mountains  and  consisting  of  lead, 
selonide,  and  cupric  selenide,  is  one  of  the  chief  sources  of  selenium.  Tellurium 
occurs  naturally  in  the  free  state  and  in  combination  chiefly  with  bismuth  as  tetra- 
dymit  e,  also  with  gold,  silver  and  lead ;  combined  with  oxygen,  it  occurs  as  tellurite. 

Selenium  is  a  solid  substance  of  a  brown  colour  and  considerable  lustre;  it  is,  like 
sulphur,  capable  of  assuming  two  allotropic  conditions,  one  of  which  has  a  vitreous  tex- 
ture and  a  speciflc  gravity  of  4*3  ;  the  other  is  crystalline,  has  a  speciflc  gravxtgr  of 
4*8,  melts  at  217°  and  is  volatilisable. 

Tellurium  is  a  crystalline  brittle  substance  of  a  white  metallic  colour,  vety  con- 
siderable lustre,  and  decided  metallic  characters.  Its  specific  gravity  is  about  6*2,  it 
melts  at  about  500°,  and  is  volatilisable  at  a  higher  temperature. 

The  compounds  of  selenium  and  of  tellurium  doselv  resemble  in  constitution  the 
compounds  of  sulphur  as  shown  by  the  formuls  of  the  compounds  coirespoDding  to 
sulphuretted  hydrogen,  sulphurous  add,  and  sulphuric  add. 

Hydrides        H^  H,Se  H,Te 

.  . ,  {   H^Og  H^eO,  (Selenous  Acid)    H,TeO,  (Tellurous  Add). 

Adds         j   2^Q^  HsSeO,  (Selenic  Acid)       H^TeO^  (Telluric  Add). 

The  general  characters  of  the  corresponding  compounds  also  approximate. 

The  selenates  are  frequently  isomorphous  with  and  otherwise  resemble  the  oone- 
sponding  sulphates,  but  the  tollurates  as  well  as  the  tellurites  present  more  thecharaotari 
of  salts  containing  an  acid  oxide  of  a  metal. 


PHOSPHORUS. 

Symbol    P.      Atomic    Weight    31. 

This  substance  was  discovered  in  1669,  by  Brandt  of  Hamburg,  and 
ihoitlr  afterwards  by  Kunkel,  but  it  is  probable  that  he  was  in  some  way  aware  of 
Bksim*8  method  of  preparation,  which  consisted  in  distilling  the  residue  from  the 
erapocation  of  urine  with  charcoal.  In  1743  Marggraf  prepared  phosphorus  from 
otMr  sabfltaneeB,  such  as  mustard  seed,  garden  cress  seeds,  wheat,  etc. 

Kanj  opinions  were  formed  as  to  the  chemical  constitution  of  phosphorus.  Accord- 
ins  to  Stahl,  it  was  a  compound  of  phlogiston  and  hydrochloric  acid.  Boerhare  con- 
ndez«d  it  to  be  a  compound  of  phlogiston  and  sulphuric  acid.  The  former  view  was 
tke  one  meet  generally  adopted,  untU  it  was  proved  to  be  incorrect  by  Marggraf,  who 
eoDsidered  phoephorus  to  be  a  combination  of  phlogiston  and  phosphoric  acid. 
LaTGuier  ahowed  however,  that  when  phosphorus  is  burnt  it  combines  with  oxygen, 
h&utg  thoB  oonverted  into  phosphoric  acid,  and  that  phosphorus  ought  therefore  to  be 
cooeidered  as  a  constituent  of  phosphoric  acid. 

OfiuijraBea. — Owing  to  the  readiness  with  which  phosphorus  combines  with 
oxygen,  it  doee  not  occur  naturally  in  the  free  condition  ;  but  it  occurs  abundantly  in 
combination  with  oxygen  and  metallic  bases  as  phosphates.  Thus  calcium  phosphate 
oeenn  ae  a  mineral  called  apatite  (a  compound  of  calcium  phosphate  witn  calcium 
chloride  and  fluoride)  and  as  osteolite;  aluminum  phosphate  as  wavellite; 
fetxoQB  and  ferric  phosphates  as  green  iron-stone;  lead  phosphate  as  pyromor- 
phite.  Sombrerite,  a  mineral  found  in  the  Antilles,  under  guano  beds,  probably 
btimeetone  partly  converted  into  calcium  phosphate  by  the  action  of  solution  of  giianu 
nits ;  it  contains  about  66  per  cent,  calcium  phosphate  and  17  per  cent,  aluminum  phos- 
phate. Laige  quantities  of  calcium  phosphate  also  occur  in  g u  a  n  o,  the  excrementitious 
immt  of  sea  birds,  which  sometimes  contains  from  75-80  per  cent.  A  guano  which 
is  imported  from  Navassa  in  North  America,  and  is  related  to  sombrerite  in  composi- 
tion, eontains  30  per  cent  of  calcium  phosphate.  Coprolites  are  also  rich  in  calcium 
nhoR)hate. 

rhio&phamB  is  also  very  widely  distributed  in  the  vegetable  kingdom,  where  it  is 
diicfly  ftmnd  aa  phosphates.  Seeds  are  especially  rich  in  phosphates  ;  thus  the  ash 
of  wheat  contains  from  39-47  per  cent,  of  phosphates  ;  that  of  peas  and  beans  about 
40  per  eent;  maise  ash  contains  about  50  per  cent.  Other  parts  of  plaitts  are  less 
ridi  in  phosphates,  the  ash  of  maize  and  pea  straw  containing  only  12-15  per  cent. ; 
that  of  nay,  clover,  bean  straw,  etc.,  from  7-8  per  cent.  only. 

Fbospfaoras  is  also  abundant  in  the  state  of  phosphates  in  the  animal  kingdom, 
when  it  ooeors  chiefly  in  the  bones,  which  contain  from  25  to  27  per  cent,  of  phos- 
phoric acid.  A  still  greater  percentage  of  phosphorus  is  found  in  the  teeth  and  their 
rnameL    The  othw  organs  of  animals  also  contain  more  or  less  phosphorus. 

iJhmrmttmUm — There  are  two  modifications  of  phosphorus ;  the  ordinary  ciystal- 
litaUe  phosphorus,  and  the  red  or  amorphous  phosphorus.  Ordinary  phosphorus  is 
eokmrlem,  or  of  a  slightly  yellow  tinge,  and  is  often  quite  transparent ;  it  has  an  un- 
pleasaat  smell  and  taste.  At  a  moderately  warm  temperature  it  has  a  waxy  con- 
and   may  be   easily  cut;  but   at  lower  temperatures  phosphorus  is  hard 


and  brittle ;  a  small  admixture  Uj^)  of  sulphur  has  the  same  effect.  Phosphorus 
mdtM  at  44**,  forming  a  thick  oily  liquid  that  may  be  cooled  much  below  the  melting 
point  without  solidifying ;  it  boils  at  290^,  and  the  Tapour  has  a  density  of  62,  as  com- 
peted with  hydrogen,  even  when  heated  above  1000®.  When  heated  above  its  melting 
point,  jhoephcfruB  takes  Hie  in  the  air,  and  at  the  ordinary  temperature  it  gradually 
osidisee,  giving  off  a  &int  light.  This  phenomenon  is  termed  phosphorescence. 
Even  at  ue  ordinary  temperature  this  process  of  oxidation  is  apt  to  cause  sufficient 
hssting  of  the  phoephoms  to  make  it  melt  and  bum,  and  on  this  account  phosphorus 
■ait  be  kept  under  water  out  of  contact  with  the  air.  Phosphorus  has  a  speafic  gravity 
flf  1*S26-1'840.     It  is  insoluble  in  water*  and  almost  insoluble  in  alcohol ;  slightly 
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soluble  in  ether,  volatile,  and  fat  oils ;  but  veiy  readilj  Bolnble  in  sulphur  ehlonde 
and  carbon  bisuphide. 

When  phosphorus  is  allowed  to  oxidise  slowly  in  contact  with  a  limited  amount  of 
air,  the  product  of  oxidation  consists  of  the  trioxide  or  phosphorous  oxide  only 
(P,0,),  but  when  the  oxidation  is  more  rapid,  pentoxide  or  phosphoric  oxide  (P«Of) 
is  formed.  It  is  remarkable  that  phosphorus  scarcely  emits  any  li^t  in  an  atmoi^khara 
of  pure  oxygon,  but  upon  rarefying  the  gas,  or  diluting  it  with  another  gas  that 
itself  exerts  no  action  upon  phosphorus,  the  phosphorescence  increases  in  proportion 
to  such  dilution.  Phosphorus  which  is  only  partly  covered  with  water  induces  oxida- 
tion of  atmospheric  nitrogen  and  the  formation  of  dense  vapours  of  ammonium  nitrite, 
ozone  being  produced  at  Uie  same  time. 

Phosphorus,  even  when  entirely  protected  by  water,  undergoes  a  change  in  direct 
sunlight,  passing  into  the  amorphous  condition*  The  clear  transparent  stickB  of 
phosphorus  become  gradually  less  transparent,  the  change  beginning  at  the  sur&ee 
and  gradually  penetrating  the  entire  mass.  For  this  reason  phosphorus  requires  not 
only  to  be  kept  under  water,  but  also  to  be  protected  from  sunlignt. 

Phosphorus  abstracts  oxygen  from  a  number  of  substances,  such  as  nitric  acid* 
chromic  acid,  chloric  acid,  etc.,  which  are  either  thus  reduced  to  lower  ooides,  or 
entirely  decomposed. 

Phosphorus  combines  readily  with  chlorine,  bromine,  iodine,  and  solphur.  It  does 
not  combine  directly  with  hydrogen ;  but  upon  heating  phosphoros  with  conoeiitrsted 
solutions  of  the  caustic  alkalies,  phosphoretted  hydrogen  is  formed. 

Amorphous  phosphorus  has  been  long  known  ;  it  was  however  for  some  time 
considered  to  be  a  lower  oxide  of  phosphorus,  until,  in  1848,  Schrotter  pKOved  it  to 
bo  an  allotropic  modification  of  phosphorus.  When  ordinary  phosphorus  is  exposed 
under  water  to  the  action  of  sunlight,  an  opaque  reddish  crust  is  formed  upon  its 
surface,  which  increases  in  depth  until  the  crust  formed  is  so  thick  that  the  suits  rays 
can  no  longer  penetrate  through  it  This  change  consists  in  the  conversion  of  ordinsiy 
or  crystallisable  phosphorus  into  the  amorphous  or  allotropic  form.  The  change  msj 
bo  effected  with  greater  rapidity  by  heating  phosphorus  in  an  atmosphere  flree  ftom 
oxygen  to  a  temperature  of  160®,  either  alone,  or  in  the  presence  of  a  small  quanti^ 
of  iodine,  which  accelerates  the  alteration. 

Amorphous  phosphorus  has  a  brownish  red  colour ;  it  is  odourless,  opaque,  hard 
and  friable.  It  has  a  specific  gravity  of  2*106,  the  spec.  grav.  of  ordinary  phomhoms 
being  1*826-1*840.  Amorphous  phosphorus  begins  to  bum  at  a  temperature  of  200^ 
exposed  to  the  light,  however,  it  takes  fire  at  a  temperature  of  55°-60°.  It  vadargoes 
no  change  when  exposed  to  the  atmoephero,  and  is  insoluble  in  all  those  mixtores 
which  dissolve  ordinary  phosphorus,  such  as  alcohol,  ether,  fat  oils,  carbon  bisulphide^ 
etc  Owing  to  its  not  being  poisonous,  and  to  its  taking  fire  when  rubbed  with 
potassium  chlorate,  amorphous  phosphorus  is  used  in  the  manufacture  of  matches. 

Preparation.— The  raw  material  used  in  the  manufacture  of  phosphorus  is  heme 
ash,  obtained  by  removing  the  cartilaginous  tissue  from  bones  by  burning  them.  Bone 
ash  varies  somewhat  in  composition,  the  amount  of  calcium  phosphate  generally 
varying  between  82*5  and  84*5  per  cent.  Besides  this,  it  contains  firom  2  to  8  per 
cent  of  magnesium  phosphate,  from  8  to  10  per  cent  of  <nlcium  carbonate,  and  8  to  4 
per  cent  of  calcium  fluoride. 

The  calcined  bone  ash  is  decomposed  with  sulphuric  add,  and  thus  the  insoluble 
neutral  tricalcium  phosphate  is  converted  into  the  soluble  acid  calcium  phosphate, 
according  to  the  equation  : 

Ca^PjO,  f  2H^04  «  CaH^PjO,  +  2Ca  SO^. 

After  separating  the  calcium  sulphate,  the  clear  solution  is  evaporated  nearij  to 
dryness,  the  residual  acid  calcium  phosphate  intimately  mixed  with  charcoal  and  dried, 
80  as  to  deprive  it  of  water  and  form  calcium  metaphosphate  : 

CaH^PjOg  =  CaPjO,  +   2H,0. 

The  mixturo  is  then  heated  to  redness,  and  a  part  of  the  calcium  metaphosphate  is 
reduced  and  phosphorus  liberated,  as  shown  by  the  following  equation : 

Caldam  metaphosphate  Trioalcio  phosphate 

SCaPjO.     +     IOC    =     C^jOg     +     lOCO  +  4P. 

Caloinaiion  of  the  Bonc8.~Th\B  operation  has  for  its  object  the  destmetioo  of  the 
organic  substance  of  the  bones,  and  it  is  generally  carried  out  in  kilns  similar  to  those 
used  in  lime  burning. 

Fig.  93  represents  a  kiln  of  the  kind,  which  is  so  constructed  that  the  eseapiBg 
gases  are  burnt,  and  thus  nuisance  is  avoided.  ▲  is  a  cylindrical  shaft  fnmaoe,  the 
mouth  (▲')  of  which  is  contracted  and  closed  by  a  lid  of  cast  iron.    By  means  of  litenl 


MANTTFACTUEE  OF  PHOSPHORUS.  161 

qstoM  (b)  (i{«Bing  into  &  drcnl&r  fins  extending  eotirelj  round  the  body  of  tha 

^B,  tha  lower  put  of  it  near  the  iimue  commnnicates  with  the  chimney  (ii  n).   Tha 

bim  «f  tha  giMa  (c)  are  moveable,  and  are  Bappcn:t«4 

^CB  ova  ban.     To  set  the  opundan  going,  the  d.ior  " 

(■)  HopaDad,  and  the  fire  ban  lud  in  dnd  covered  vilh 

■■aeaailj  eotnbiutiblB  material,  vhich  ia  eet  fire  \(i. 

Aa  BOOD  ai  the  Sie  burns  briglitlv,  the  door  (h)  in 

doaad  and  a  fira  of  shavings  made  at  (d*),  in  rln- 

dOBiw;  {a),  ao  aa  to  diav  oat  and  bncn  the  gns  o'- 

caping  from  the  flre^grate  (c),  thiongh  the  side  opi  ti- 

iag*  (b),  and  upon  donng  the  door  (n')  throngh  iLi: 

dimaa^  (d  d)  into  the  air.    When  the  oven  has  been 

haatad  in  this  my,  bonw  ue  thrown  in  throngh  tho 

■oDtk  (aO  DDtU  Uie  kiln  ia  full ;  then  *  is  closed  for 

a  BomeDt  and  the  flra  bars  are  drawn  ont,  so  that 

tha  bnmt  bonta  &11  down  npon  the  lowest  part  of  the 

kilB,  whanea  they  an  dnwo  oat  throogh  the  o^cii- 

ilg(B).    DilBCtly  the  bnnit  bones  have  been  dn.ii'n 

ott,  dtb  aMmn^  ia  cloaed  and  more  bones  ore  thron-n 

iBata'.     Tlu  kllB  is  thus  kept  in  conBtnnt  operat:<-,n, 

Uw  wgBiiie  aabataDCe  of  the  bones  snfBdng  for  i1 

aldnatten  after  comtmstion  has  been  once  etatted. 

Flad:^  Aoiiaoa  conaista  of  a  alwft  vhich  is  chuged  fm.  93. 

*^— ■g*'  alataral  opening  above,  the  eombnation  being 

^-^-^  by  acme  eanly  eombnitible  fael.  The  products  of  combustion  escape 
tlma^  uie  hi^^eat  ptM  of  tha  abaft  inta  a  horixontal  fine,  at  the  month  of  vbick  a 
In  it  kept  np  thmigh  which  the  ooxioas  gasee  pass  and  am  burnt,  the  heat  evolved 
balK  died  tit  evaporatioD.  Tha  horiiont^  fine  (ermituLteB  in  a  chimney.  The  yield 
rfjJinn^  boM  tSh  obtwnad  in  this  operation  amoonta  to  from  50  t«  6S  per  cent,  of 
tb*  wai|^  of  tha  bonia  emplojed. 

Ovaiiaf  lie  burnt  Bona. — The  extent  ts  which  the  cmihiDg  of  the  bones  is  carried 
TBiisA  In  aoma  plaeea  tbebonn  are  redoced  to  powder,  and  aomotimes  only  to  pieces 
abovt  tha  aiie  of  pau.  The  erashing  of  tha  bonea  to  piecea  of  the  siie  of  lentils  is  the 
■oat  aailable  for  ftitther  worting.    The  crushing  t^Mratioii  ii  efiectad  either  between 


TVeafflMsf  iMk  aeid. — The  quantity  of  solphuric  acid  required  fbr  the  decompou- 
tioa  of  tha  bonea  depends  upon  its  eoDoenttalion.  100  parts  of  bone  ash  require  for 
dseanpoutioii  6epait«by«tdght  of  concentrated  eolphnric  acid,  or  100  pattaof  acid 
rf  SB.  gr.  1-4B. 

AaoovdiBg  to  other  authoritiea— 

100  parta  of  bona-ash  reqnite  106'T3  porta  of  snlphnrio  add,  sp.  gr.  VAM. 

8668  „  „  „  1-862. 

„  :  I,  73-63  „  „  „  1-747. 

Tk*  daooBipoBttion  of  the  bone  ash  by  sulphuric  add  is  carried  out  in  tubs  lined 
with  I«d,  In.  which  1  DO  parla  by  weight  of  boiling  water  is  mixed  with  20  parta  of 
—Iphwie  add  of  ap.  gr.  1-400;  into  this  miitore  is  then  thrown,  iu  small  qnantiliel 
BtaliBa,  SOputs  of  bine  ash  powder.  A  lively  &othiag  takes  plae«,  owing  tutbe  evolu- 
tioM  rf  earbODIC  add.  As  soon  as  this  has  caiaed,  farther  quantities  of  boiling  water. 
nlpfaliw  add,  and  bane  ash  are  added,  this  being  repeated  until  four  separate  cluirgca 
bava  ban  thrown  intu  tha  tab,  making  in  all  80  parts  of  bone  aeh  and  80  parts  of 
adphnieaaid  irfsp.  gr.  1'490.  The  mass  is  kept  warm  for  twenty-four  hours,  dnring 
wh^  time  it  is  often  stirred,  and  is  then  left  at  rest  for  tan  boon.  The  clear  liquid 
ia  than  drmwii  off  from  the  precipitate  through  a  leaden  pipe  into  a  wooden  gatter  lined 
with  lewl,  then  puasd  flm  through  a  filter,  aod  afterwards  into  leaden  evapoisting 
pans.  The  preeipitata  which  remaine  in  the  tabs  is  covered  with  a  i^nsntity  of  water 
aqaal  to  that  originally  used,  stirred  np  end  left  to  settle.  The  dear  liquid  is  then 
drawn  off  and  oMd  to  wash  the  reaiduea  of  four  or  five  other  tubs.  In  this  way  the 
tiqoid  o(  the  fifth  or  sixth  tub  is  brought  np  to  a  coaceotration  rspreaented  by  sp.  gr. 
1-470   b>  I*0S6.    Tile  last  portions  of  waah  water  are  need   for  preparing  fresh 

This  kiod  of  waahing  is  somctimee  replaced  by  a  process  of  filtration.  For  thia 
frntput*  the  nddnca  ar«  claced  in  a  Cub  with  a  doable  bottom.  The  residues  are  laid 
ipoB  the  oppsr  p«9<oiBtad  bottom  of  the  tub,  which  is  covered  with  a  doth,  and  ere 
wasiMd  oat  by  povring  water  upon  them.    Gentale  covcre  tbe  porforaled  bottom  of 

it  with  qurti  sand,  instexd  of  with  a  dcth.     Kcceotly  it  has  been  proposed  to 

— ^^" — ' ■■■— ■  for  the  washing. 
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OiHeentralioii  of  He  Liquor. — The  comtnoed  iH^oid  ia  eoDMnlnlad  to  a  ap.  g& 
1-lSB,  nod  left  to  cool  in  large  leaden  Temela.    It  u  sAccwsidi  dtcuitcd  bna  mt 

gyfeum  AcfoiiUd,  aail  fUterM  by  pasaiug  it  through  a  filter  of  nod  or  *od-  It  U 
next  eraporstfd  until  it  has  a  specific  gravity  of  1-277,  left  U>  cool  sod  (ettle.  uid 
once  more  decanted  and  filtered.  The  Rltered  liquid  of  the  lait  opention  U  Uien 
cTBporated  to  a  9;frt]pj  consiatene;  (about  sp.  gr.  1'19),  and  mixed  with  dij  ptjwdond 
wood  chaiToal,  id  the  proportiou  of  100  parU  of  ajrup  to  20  putj  of  ebaicnL  Tlii* 
mixture  ia  dried  in  cssl-tron  pane,  bj  heatiiig  aiid  couatantlj  atjning,  and  finallj 
heated  to  Inw  reiinesi.  The  eiceas  of  aulpburic  acid  ia  thna  daeompoaed  br  tu 
ehsrcoai,  carbonic  oxida,  carbonic  acid,  and  sulpbunjut  ozids  e«caping,  vhidi  am 
paased  into  a  cbimDej. 

Diiiillatiim  of  PitupAorw.— The  miitnre  aubmitted  to  diatillntioa  conaiata  of  acid 
caldnm  pboaphata,  charcoal,  and  a  small  quanCi^  of  vater.  It  ia  put  into  retort*  of 
BtoDeWBre  or  firu  clay,  which  are  three  fonrtha  filled,  then  amearsd  over  witli  d»j, 
careMlj  drisd,  and  plncsd  in  funuKW,  The  fiLmacea  employed  an  galley  fuinKM 
(fig.  64).  Each  furnace  holds  tou  letorta,  which  ara  heated  by  a  eonunon  ixt,  fire  a 
eaut  aide.  Tba  bot  air  &om  tha  furnace  yauet  tbrough  the  fine  (*)  nndemealli  tlia 
ratorta,  lonnd  irtiich  it  piaja,  and  fimill^  eacapee  into  Ibe  common  llns  (dV  Above 
(d)  ia  an  erspocating  wn  (j).  in  which  bqaon  are  concentnted.  The  neck  of  aaefa 
Mton  ia  connected  witli  a  copper  oilapter  (i),  teimitaating  in,tbe  copper  ncaiyer  (■). 
The  copper  adapter  it  luted  Co  the  neu  of  the  retort  with  a  luting  conaiitiiw  eitlwr  of 
lime,  Uaod,  iron  filings,  and  powdered  eulphur,  or  of  di?  loam  mcoatened  with  liiia»»l 


oil.  The  ncsivor  (a)  ia  famished  with  a  wide  opening  abova,  clneed  UT-tigllt  bftha 
lid  (A) ;  ^  ia  u  amall  tube  throngh  which  air  and  other  gasea  escape  &MB  tba 
apparatus ;  /  ia  a  tube  for  allowing  the  axceaa  of  water  coutaioed  in  the  recrinr  to 
eacape  in  proportion  aa  pboaphorus  collecta  in  tho  receirtr.  The  retorts  haring  ban 
charged  and  placed  in  the  furnace  ia  tho  above  manner,  the  nicbea  (c  c)  an  bridtad  in, 
and  the  fire  lighted.  At  fint  a  fire  of  turf  ia  made,  care  being  taken  to  hsaC  the  i»- 
torts  gradually,  the  temperature  coutinnally  incrsaaing  for  IS  honrs,  and  finally  wood 
ia  thrown  into  the  firs,  and  the  heat  kept  up  bo  long  as  anythins  distils  over  or  gMSi 
ara  aeen  to  eecape.  The  Eases  first  evolved  consiBt  of  air  and  steam  ;  than  follow 
hydrogen  and  carbonic  oxide,  the  latter  bang  formed  by  the  action  of  wood  charcoal 
upon  the  water  of  tba  acid  calcium  pboapbate.  A  small  quantity  of  sulphnimu  oxide 
ia  also  formed.  Aitar  a  short  time  combustible  gasee  escape,  whii^  ignite  npoa 
coming  into  contact  with  the  air;  tbesa  conaiat  of  phoapboretted  nydrogenand  carbctiie 
oxide.  This  point  indicatea  to  the  woikman  that  the  distillation  of  phoapbonia  has 
begun.  In  proportion  as  pbosphoma  cullecta  in  the  leceiren,  the  level  of  tha  water 
in  tbem  rises,  and  it  flows  out  throngh  the  tube  {/),  ao  that  the  prasanre  doaa  not 
become  great  enoogh  to  cause  injury  to  the  lutings  of  the  rotorla.  If  in  conrN  of 
tha  operation  however  the  Intings  crack,  and  an  e«apa  of  phoapborua  vaponr  takes 
place,  tha  cracks  are  smeared  orar  agun  carefully  with  luting.  Tha  beat  is  continoeA 
aa  long  as  infiammable  vapours  escape  at  ir ;  the  distillation  occupying  in  all  aboss 
60  hours.  Daring  the  distillation,  especially  towards  the  end,  when  less  eaaily  fosibla 
miitum  of  phosphorus  and  charcoal,  small  quantitiea  of  red  phosphorus,  and  periiap* 
some  aiticon,  paea  over,  a  stoppage  m.ty  easily  take  place  tu  the  adapters.  In  auehtaa^ 
a  workman,  whoae  hand  is  protected  by  a  long  wet  leather  glava,  removes  at  intemls 
such  solid  pieces.  In  like  manner,  the  first  portions  of  phcaphoms  which  distil 
over  and,  being  infiatrd  with  gas,  fla.it  on  the  surface  of  the  water  in  the  reoeinrs, 
are  prewed  down  under  watfr  with  tbi>  hand.  Upon  the  rcveivera  becoming  too  IM, 
either  cold  water  is  poured  in  at  h  from  a  can,  or  the  receivan  are  BprinSlad  witk 
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ivBter  iasaing  in  &  fine  jet  from  Uie  pipe  (t).    The  water  collects  in  a  common  gatter, 
which  condMtt  it  away. 

Ab  Boon  as  the  distillation  is  over,  the  retorts  and  receivers  are  taken  to  pieces,  the 
adapters  thrown  into  cold  water,  and  the  raw  phosphorus  removed  from  the  receivers. 

Since  the  gas  which  escapes  during  the  distillation  would,  if  breathed,  be  highly 
innrioQS  to  the  workmen,  Uie  receivers  are  covered  with  a  wooden  roof,  connected 
with  a  vantilating  diimney,  bj  which  this  gas  is  drawn  off. 

Sereral  changes  have  of  late  been  made  in  the  construction  of  the  furnaces.  A 
ftmMoe  similar  to  the  one  above  described,  which  is  still  in  use  in  France,  holds  £rom 
24-46  retorts,  in  rows  of  12  or  18  respectively,  placed  against  each  other,  and  each 
low  is  heated  ^a  separate  fire.  The  retorts  have  a  globular  form,  and  are  placed 
hotiiontally.    The  necks  of  the  retorts  are  bent  slightly  upwards. 

In  a  few  phosphorus  works  in  Germany  furnaces  are  employed  which  hold  as 
Baay  as  42  retorts.  These  furnaces  are  galley  furnaces,  in  which  the  retorts  are 
placed  aboTB  one  another,  each  side  of  the  furnace  holding  21  retorts.  Each  side  is 
heated  by  a  special  fire,  and  both  furnaces  communicate  above  in  a  common  flue. 
The  retorts  are  made  of  stoneware ;  they  have  a  cylindrical  shape,  and  are  prolonged 
so  as  to  fonn  a  neck.  The  products  of  distillation  pass  into  an  upright  copper 
tnbe,  and  from  thence  into  the  receivers. 

Tlie  receivers  have  also  been  altered  both  in  shape  and  materiaL  At  one  time  it 
was  usual  to  employ  copper  receivers ;  these  were  succeeded  by  receivers  of  glass ;  the 
natsrial  now  chiefly  employed  is  earthenware.  The  receivers  are  generally  made  in 
the  form  of  jars,  and  are  placed  in  couples  before  each  retort  Bell-shaped  receivers 
aie  ^so  employed,  secured  by  an  hydraulic  joint. 

A  furnace  may  here  be  mentioned,  constructed  by  Fleck,  whieh  is  suitable  for 
iriog  with  coal  or  coke,  all  the  other  furnaces  yet  mentioned  being  only  suitable  for 
tuf  and  wood.  Fleck's  furnace  consists  of  arched  fire  chambers,  separated  from  one 
laocher,  and  each  heated  by  itself.  Each  of  these  chambers  contains  five  cylindrical 
retorts  placed  directly  over  the  fire.  The  retorts  are  made  of  fire  clay,  and  are  in 
ennmanication  with  bell-shaped  receivers.  The  heated  air  of  Bach  furnace  passes 
throii^  an  opening  in  the  arched  roof,  into  a  common  horisontil  fine,  above  which 
are  ^aced  pans  for  concentrating  the  liquors. 

Fleck's  method  of  preparinff  phosphorus  consists  in  digesting  one  part  of  broken 
booes,  which  have  been  deprived  of  their  fat,  for  6  or  7  days,  wiw  four  parts  of  hydro- 
cklaiie  add  of  sp.  er.  1*048,  after  which  time  the  liquor  is  drawn  off,  and  the  residue 
again  treated  with  hydrochloric  acid  having  a  strength  equal  to  sp.  gr.  1'020.  The 
niralt  of  this  second  treatment  is  a  dilute  liquor  which  is  used  in  the  digestion  of  fresh 
bones.  The  hydrochloric  acid  decomposes  the  tribasic  calcium  phosphate  into  acid 
calciiim  phosphate  and  calcium  chloride.  A  liquor  is  thus  obtained  of  sp.  gr.  1*118, 
which,  on  account  of  its  containing  large  quantities  of  free  hydrochloric  acid,  is 
erapoffated  either  in  earthenware  vessels  or  brickwork  pans.  The  liquor  when  cooled 
inms  a  cxystalline  mass,  which  is  then  pressed,  and  mixed  with  one  fourth  its  weight 
of  pofwdered  wood  chucoal,  and  submitted  to  distillation  in  Fleck's  furnace.  There 
mains  in  the  retorts,  after  the  distillation  is  over,  a  mixture  of  tribasic  calcium 
piiospiiate  and  charcoal.  This  residue  is  incinerated,  treated  with  concentrated  hydro- 
ehkne  add,  and  the  liquor  thus  obtained  treated  for  phosphorus  as  before. 

This  process  possesses  the  advantage  that  glue  is  obtained,  as  a  by-product,  from 
the  bones  treated  with  hydrochloric  acid. 

In  Oentale's  process  bone  ash  powder  is  macerated  with  hydrochloric  add,  and  the 
tiqnor  nentndised  with  a  solution  of  ammonium  carbonate.  There  is  thus  formed  a 
precipitate  of  tribasic  calcium  phosphate,  and  a  solution  of  sal  ammoniac,  which  is 
drawn  off  and  treated  for  sal  ammoniac,  while  the  precipitate  is  treated  with  sulphuric 
acid  and  charcoal,  and  distilled.  Ammonium  carbonate  is  obtained  by  carbonising  the 
bones,  and  if  its  amount  is  not  sufficient,  it  is  partly  replaced  by  lime. 

In  the  method  of  Cari-Montrand  a  mixture  of  bone  ash  and  charcoal  is  placed  in 
itooeware  retorts,  heated  to  redness,  and  hydrochloric  add  gas  passed  over  it.  The 
neess  of  hydrochloric  acid  condenses  together  with  vapour  of  phosphorus,  water,  etc., 
IB  ths  vscdvers,  and  the  add  is  used  for  mixing  with  unbroken  pieces  of  bone  and 
A^ypfflfcl  powder.  For  this  purpose  the  bones  are  covered  with  the  dilute  hydrochloric 
sdd,  IIm  reonidte  quantity  of  powdered  charcoal  is  added,  and  the  mixture  obtained  is 
dried  and  distilled  in  a  currant  of  hydrochloric  add  gas.  The  residue  in  the  ratorts 
consists  essentially  of  caldum  chloride  and  charcoal. 

In  Donovan's  method,  lead  phosphate  is  heated  to  redness  with  charcoal.  The 
lead  phosphate  is  prepared  by  acting  upon  bone  ash  with  nitric  add,  and  predpitating 
ths  bqnor  thns  obtained  with  sugar  of  lead,  so  that  the  whole  of  the  phosphoric  acid 
is  pneipitntad  as  lead  phosphate.  The  predpitate  is  separated  from  the  liquid, 
thfltmghly  dried,  mixed  with  charcoal,  and  then  heated  to  redness. 


tu 
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G«rlaDd  poposoB  truting  bone  uh  powdsr  vith  aqueoni  mlphiiroiw  add,  tai 
heating  the  liquor  tbnB  Dbtained.  TribBnc  calidiiiii  phoaphaM  is  pracipitktod  and  !• 
tnsled  for  phosphorna  ia  the  ordinarf  wt.y,  Tbs  sniphnnnu  oidda  vlueh  foapt  M 
condeQBed  in  a,  coke  tower  for  fnrtlier  DtB. 

Id  Claude  Bfibod's  process,  calciain  pboc^te,  alks,  eombostiUe  miihirial,  and 
eoda  ara  melted  together  iu  a  shaft  fiunace.  Ths  mooth  of  the  fimiace  is  eloMd,  and 
theeacapmg  vBj»ac  copdncted  through  a  lateial  apertnfe  into  the  condennng  ^»paritlll. 
It  is  neoessary  in  this  process  that  the  draught  should  be  stzang  enough  to  OTBKonM 
the  pressure  of  the  columa  of  vater  in  the  condenaera.  The  furnace  is  nchaipd  at 
lBt«rTBls  And  the  operKliou  is,  therefore,  contjanous.  The  rntionsle  of  tha  (  ~"  '' 
that  allien  liberates  phosphoric  acid,  vhicb  is  tben  rsducsd  tc  '  ~ 
of  the  charcoal  furaiahed  from  the  combustible  matsriaL 

Purification  qf  crude  PAoapionu.— Them  are  Tsrious  methods  at  pnii^ng  ths 
product  ohuinad  as  above  described ;  it  generally  contains  some  amoi^laU  vbi»- 


Via.  96. 


Flo.  97. 


phttfog,  carbon,  nlicou,  etc.  The  pioosn  of  pnrifjdng  nvir  pbotphama  eonutad 
formerly  in  thnnriog  it  into  eartheDTare  vessels  contMoing  water,  and  Umd  nuUiiig 

it  at  a  t«mperature  of  60°.  After  it  had  cooled  and  become  solid,  it  was  honnd  np 
tightiT  in  a  sack  of  moist  chamoia  leather  (c,  Sg.  95),  which  was  then  laid  npOB  a 
copper  Btzainer  standing  in  a  vessel  (1  a)  containing  water  heated  to  60°.  Upon  the 
phosphorus  melting,  a  semi-globular  dish  (nn)  was  laid  opon  the  sack  and  lilliwull 
down  upon  it  by  meana  of  the  rod  (aj  and  the  lersr  (a  o),  the  pressure  being  at  Bn( 
slieht  and  gr&dnallj  increased.  The  melted  phosphoroi  pressed  through  the  iMthv 
exacted  at  the  bottom  of  the  Teasel  1.  A. 

A  more  mod«aii  method  of  puri^ring  raw  phosphorus  coniista  in  pusli^  meltad 
phosphorus  first  of  all  through  a  layer  of  animal  charcoal,  and  Snally  throngb  a  piaos 
of  chamoia  leather.  The  apparatua  ia  shown  in  flgs.  S6  and  97.  The  bone  eharaaal 
is  laid  upon  the  perforated  bottom  (J?  b)  of  the  veaael  (a)  in  a  layer  of  about  8  indieg. 
The  Teasel  (A)is  about  two  thirds  filled  with  water,  the  temperature  of  which  israiaed 
to  60°  by  meana  of  the  water  bath  (c  c),  and  then  the  raw  phoaphomt  is  laid  upon 
the  layer  of  charcoaL  The  phosphorus  soon  begins  to  melt,  Slteis  thloo^  the  layer 
of  charcoal  and  the  perforated  bottom,  collecting  at  d.  Upon  opening  a  oock  (a)  it 
flows  throogh  a  tnbe  (p.  fig.  B7)  into  a  second  resael  (b)  filled  with  water,  iLvpt  alsD 
by  the  aid  of  a  water  bath  at  the  aame  temperature  as  the  water  in  a.  In  b  is  alio 
a  perforated  bottom  (c  c)  corered  with  a  piece  of  chamois  leather,  upon  which  tlia 
[AoaphoniB  eoUscts.  So  soon  as  phoaphoruB  has  pawed  into  h.  the  tube  (r)  ia  oon- 
nected  with  a  pnmp  which  forces  warm  water  i  nto  a.  The  melted  phosphonu  is  iLtD 
pressed  through  Ou  leather  and  collects  at  a,  wheue«  it  ia  drawn  off  thmngli  a 


!k(n). 

Another  method  eonnata  in  preaaing  melted  phiwpboraB  by  the  aid  0 
ylinders  funushed  with  plataa  of  porous  bridi.    T 
mixed  with  powdered  charcoal  in  oidor  to  prevent  t 
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liiek  pUtes.  The  charcoal  powder  forms  a  layer  abore  the  porouB  brick  plates,  and 
is  reiDOTed  and  sabmitted  to  distiUation  in  order  to  obtain  the  phosphorus  retained 
by  it 

According  to  B.  Wagner,  Messrs.  Violet  of  Paris  purify  raw  phosphoms  in  the 
fiaUowing  manner :  Baw  phosphorus  is  melted  in  a  copper  boiler  and  mixed  with  3*5 
per  cent,  of  oirdinaiy  sulphnnc  acid  and  3*5  per  cent,  of  add  potassium  chromate.  A 
sU^t  frothing  takes  plaice,  and  the  phosphorus  appears  beneath  the  green  liquid  clear 
and  eoloarlew.  It  is  then  taken  out,  washed,  and  cast  into  sticks.  100  parts  of  raw 
phoiphams,  thos  treated,  yield  96  parts  of  refined  phosphorus. 

In  Chimany  the  refining  or  purifying  of  raw  phosphorus  is  effected  by  a  process 
of  distillation.  The  raw  phosphorus  is  melted  under  water  in  a  copper  pan,  and  in 
otder  to  prevent  ignition  npon  pouring  it  ont,  it  is  mixed  with  15  per  cent,  of  sand. 
Tbis  mixtore  is  then  put  into  cast-iron  retorts  which  are  placed  in  a  fxirnace,  each  re- 
toit  being  supported  npon  a  couple  of  iron  bars  over  the  grate,  in  such  a  position  that 
its  neek  indines  downwards,  protruding  from  a  niche  in  the  wall  of  the  furnace,  with  its 
Bonth  diprong  ^  to  f  in.  into  water  contained  in  a  wooden  tub  placed  in  front  of  the 


e  retorts  are  heated  slowly  in  order  to  drive  off  as  much  adherent  moisture 
as  poerible,  as,  npon  strongly  heating  m  presence  of  water,  large  quantities  of  phosphor 
ntted  hydrpgen  are  formed.  After  the  greater  part  of  the  water  has  been  driven  off, 
inflammable  gas  containing  phosphoretted  hydrogen  is  observed,  which  indicates 
that  the  distil&tion  of  phosphorus  has  begun.  Immediately  beneath  the  necks  of  the 
retorts  are  leaden  dishes  for  collecting  the  phosphorus,  which  is  removed  from  time  to 
time.  Since^  in  case  of  neglect  on  the  part  of  the  workman,  explosions  are  apt  to  occur 
which  scatter  about  the  phosphorus  in  the  receivers,  it  is  advisable  not  to  allow  too 
greet  qnantitiee  of  phosphorus  to  collect  in  the  receivers. 

Phosphoms  is  moulded  in  various  ways,  the  most  general  form  given  to  it  being 
that  of  sticks. 

In  order  to  form  phosphorus  sticks,  the  plan  adopted  in  some  works  is  to  dip  glass 
tubes  of  the  required  aperture  into  melted  phosphorus,  which  is  drawn  up  in  the 
tnbee  bj  socking  with  the  mouth,  care  being,  however,  taken  that  there  is  a  layer  of 
water  between  the  mouth  and  the  phosphorus.  The  opening  of  the  tube  is  then 
dosed  with  the  thumb  and  the  whole  quidtly  dipped  into  cold  water ;  the  phosphorus 
then  eolidifteB  and  contracts,  and  may  be  readily  removed.  Glass  tubes  have  been  of 
late  enjoyed  in  France  to  which  an  iron  tube  is  attached  furnished  with  a  cock.  The 
glass  tube  is  dipped  into  the  phosphorus,  which  is  drawn  up  with  the  mouth,  the  cock 
then  eloeed,  and  the  tnbe  immersetd  in  cold  water. 

By  E.  Senbert* s  method,  which  has  recently  received  much  application,  phosphorus 
is  melted  in  a  vessel  (i,  fig.  98)  contracted  below  and  supported  in  the  water  bath  (h  h). 
The  vessel  (i)  terminates  in  a  tube 
dosed  by  the  cock  (j)  and  communi- 
cating with  the  vessel  (ll),  which  is 
filled  with  water.  A  glass  tube  (m  m) 
is  pushed  into  this  tube  at  m.  Upon 
opening  the  cock  the  phosphorus  fiows 
into  the  glass  tube  until  within  1  to  1  j 
in.  of  the  furthest  end,  and  solidifies 
in  it  The  cock  is  then  dosed,  and 
also  the  end  cf  the  glass  tube,  either 
with  the  stopper  (h)  or  with  the  thumb.  Fio.  98. 

The  ^ass  tube  ill  taken  out»  immersed  in  cold  water,  and  the  phosphorus  stick  removed. 
The  tube  is  then  again  fitted  into  the  mouth  of  the  cock,  and  onee  more  filled  with 
phoq^boras  in  the  above  manner. 

Orammiar  l^kttpkonts. — In  order  to  obtain  |[ranu1ar  phosphorus,  for  the  prepara- 
tiott  of  which  Senbert*s  machine  is  available,  it  is  only  necessary  to  pour  a  layer  of 
liot  water  at  a  temperature  of  46-50°  from  2  to  3  in.  in  height,  very  carefully,  upon  a 
botfdiato  the  ressel  (l  l)  containing  cold  water,  in  such  a  way  that  a  mixing  of  the  hot 
■ad  eoU  water  is  prevented.  ^  The  cock  (j)  is  then  opened  so  as  to  allow  the  phos- 
fiMonm  to  drop,  each  drop  solidifying  immediately  upon  contact  with  the  lower  layer 
of  edd  water.  Phosphorus  in  the  form  of  very  fine  grains  may  be  obtained  by  melt- 
iaf  it  beoeath  water,  or  better  under  alcohol,  agitating  it  violently  while  cooling. 

Tlis  proportion  of  refined  phosphorus  obtained  by  careful  working  does  not 
OTftfii  8  or  10  per  cent  of  the  bone  ash  employed,  since,  owing  to  breakage  of  retorts 
mwiA  combustion,  some  phosphorus  is  always  lost. 

Ptbekmg. — ^Phosphorus  is  packed  in  water  in  hermetically  dosed  tin  canisters,  each 
ter  holding  firom  6  to  6  lbs.  of  phosphorus.  In  order  to  test  if  the  soldering  is 
r-tig|itk  the  canisters  are  placed  upon  sheets  of  white  blotting  paper,  a  moistening 
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orthapapei 
bjtbalnee 


of  tha  paper  indkatiog  ai 

*    'n  bBirel.  or  boil 

ig  of  tha  wiler,  k  Email  quantity  of  alcohol  u  often  added 
jiittan  ara  eoldeRd  np.  ManrB.  Albri^t  aod  Wilaon  ai 
mocB  water  id  r"^"C  phosplionu  bj  cntting  a  large  ^lindiical  block 
into  diicii  each  diie  bong  then  eat  in  a  radial  dineUoo  from  Uwcenlie, 
fltted  into  eylindriaJ  tin  canietcn  and  eoTFred  with  water. 

AnoKFBom  nuMPKOstTB  maj  be  prepared  on  a  snail  aeale  l^  hi 
phoephoroa  tat  «onie  time  to  a  tampentnre  of  260°,  in  a  ^bm  fla«k,  th 
Da*  been  expelled  hj  eubonic  acid.    The  glass  fiaak  ii  htated  in  an  oil 

On  the  large  acale  thii  operation  is  conductad  in  an  appantna,  pa 
bright  of  Kraiinl^tani,  vbich  conaiale  of  a  rrlindrieal  Teml  of  Ai 
nuTDiuided  \y  a  eaeiiig  of  cast  iron  fitting  into  a  caat-iion  land  bal 
in  a  eaat-tian  boiler  eontuniiw  an  alio;  compoaRl  of  eqiul  put^  of  l«i 
largAhemiqihenca] (aat-ironaomecoTentbe wbole.  TfaainnerponaUIii 
ii  also  fbrniohad  with  a  lid  connected  with  a  spring  in  nich  a  wa;  t 
•odden  iiit«mal  praaaire,  the  lid  is  caiwd,  and  the  gai  earning  the  pn 
A  tnbe  hmished  with  a  cock  pasaee  from  the  inner  lid  throii^  the  1bi{ 
domei  tattoinaling  in  a  Tewel  containing  water  or  msrcnr;,  ao  that  | 
bom  the  glase  or  poroeUin  TPsael  maj  eicape  into  the  air  withont  cam 
air  into  the  TeaieL  The  apporHtns  ia  cliarged  Hnd  set  in  nctioD  in  the 
Well-dried  phoapbomB  is  placed  in  the  interior  poiceUin  Tiesel,  and  I 
taining  the  alloj  of  tin  and  lead  hiated  by  a  fire  ondemeath  it.  The  ■ 
suite,  heating  in  mcceaaion  the  sand  bath  and  the  porcelain  or  gUaa  n 


tb«  pbogphonu,  driving  oat  at  first  air.  and  afterwardii  ganoa 
taneonilj  opan  coming  in  contact  with  tlieair.  The  temparatni 
then  brought  up  to  260°.  and  kept  at  this  temperature  until 
phoaphoma  into  the  amorphons  condition  ia  complcta,  a  proceea 
1 0  days.  Daring  the  eatire  coarse  of  the  operation  the  tube  tt 
eecape  from  the  interior  vesgel  containing  the  phosphorus  is  kf 
lamp,  ■□  aa  to  aroid  stoppage  from  the  condensation  of  anypiio 
orer.  When  the  operation  ia  completed  the  cock  of  the  ielhc 
to  SToid  the  ingresa  of  water  from  the  rocaivers,  or  of  uir  into 
npon  the  coolin);  down  of  the  apparatus. 

Coignetof  Ljons  prepare  amorphous  phoepboras  bf  heati 
in  a  cast-iron  botler,  without  emplojing  either  of  the  baths 
sjmaratna  is  shown  in  Sg.  99.  4  is  a  crucibte-shaped  boilar 
a  nniaes  ilirectly  above  die  Are,  the  furnace  being  heated  i 
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for  rflgnUtiiiiff  the  draught  of  air  to  the  fire,  and  keeping  the  temperature  of  the 
boiler  under  eo&tzS.  The  boiler  is  about  two  thirds  filled  with  phosphorus,  and 
gndnallj  heated,  ^e  temperature  being  shown  by  four  thermometers  (cc"),  which 
pass  through  the  lid  of  the  boiler,  d  is  an  iron  tube  for  the  exit  of  air  and  otlier 
gaeea.  The  eTolntioo  of  gas  at  d  must  be  moderate  throughout  the  entire  operation. 
CoDdensed  products  of  distillation  are  pushed  back  into  the  boiler  with  the  iron 

Pmrifieatitm, — Baw  amorphorus  phosphorus  always  contains  small  quantities  of 
oidioazy  phosphorus,  which  have  to  be  removed  by  some  process  of  purification.  The 
raw  amorphous  phosphorus  is  cut  into  pieces  and  powdered  under  water.  This  powder 
is  next  dried  and  washed  with  carbon  bisulphide,  in  which  ordinary  phosphorus  is 
soluble.  Since  this  method  is  somewhat  dangerous,  owing  to  the  tendency  to  sponta- 
neoos  combustion  of  carbon  bisulphide  containing  phosphorus,  raw  amorphous  phos- 
phorus is  nurified  in  some  places  by  roasting  it  in  iron  pans,  the  mass  being  constantly 
stined.  Ordinary  phosphorus  is  Uius  burnt  to  phosphoric  acid,  which  is  afterwards 
washed  out  with  water. 

Coignet's  method  consists  in  boiling  raw  amorphous  phosphorus  with  a  solution  of 
caastie  soda,  by  which  ordinary  phosphorus  is  converted  into  sodium  hypophosphite, 
which  dissolves,  and  gaseous  phosphoretted  hydrogen,  which  escapes.  The  raw  amor- 
phous phosphorus  is  boiled  with  fresh  quantities  of  caustic  soda  solution,  until  the 
unpleasant  odour  of  phosphorettuii  hydrogen  is  no  longer  observed.  It  is  then  well 
washed  with  water  and  dried. 

Niddes  proposes  shaking  raw  amorphous  phosphorus  with  a  solution  of  calcium 
chloride,  having  a  specific  gravity  of  from  1*83  to  1*85,  which  lies  between  that  of 
ordinary  -  phosphorus  (1*83)  and  that  of  amorphous  phosphorus  (2*106).  Ordinary 
phosphorus,  therefore,  collects  on  the  surface  of  the  solution,  while  the  amorphous 
phosphorus  sinks  to  the  bottom,  and  is  afterwards  washed  and  dried ;  the  ordinary 
phoi^ihomsis  removed  with  carbon  bisulphide. 

Vsas. — The  chief  application  of  phosphorus  is  in  the  preparation  of  friction 
matches.  The  remaining  consumption  of  phosphorus  is  for  preparing  various  labora- 
tocy  reagents,  pharmaceutical  preparations,  poison  for  vermin,  etc. 

FncnoK  Matches. — In  prehistoric  times  fire  was  produced,  as  indeed  it  is  at 
the  present  daj  among  sava^,  by  rubbing  together  two  polished  wooden  snr&ces. 
The  production  of  fire  by  striking  together  fiint  and  steel  daeites  from  the  fourteenth 
century. 

In  1805  an  apparatus  of  peculiar  construction  was  invented  by  Chancel,  which 
consisted  of  a  small  bottle  filled  with  asbestos  that  had  been  saturated  with  concentrated 
sulphuric  add.  Splints  partly  coated  with  sulphur,  and  having  the  points  coated  with 
a  mixture  of  sulphur  and  sugar,  caught  fire  when  pressed  against  the  moist  asbestos, 
the  ignition  being  communicated  to  the  splint  by  the  sulphur  covering. 

In  the  year  1823  Dobereiner,  at  Jenn,  discovered  that  finely  divided  or  spongy 
platinum  possesses  the  property  of  igniting  a  mixture  of  atmospheric  air  and  hydrogen. 
I>obereiner's  apparatus  has  been  already  described  on  page  28.  The  apparatus  is  in 
use  at  the  present  day. 

The  first  friction  matches  appeared  in  England  in  April  1827,  and  were  the  in- 
vention of  a  chemist  and  druggist  named  Walker,  residing  at  Stockton.  They  con- 
sisted of  thin  slips  of  wood  2^  inches  in  length,  covered  with  sulphur  to  one  third 
their  length,  tipped  probably  with  a  mixture  of  sulphide  of  antimony,  chlorate  of 
potash  and  gum,  ana  were  sold  for  half-a-crown  a  box  containing  fifty  matches.  The 
LoDdon  Atlaa  newspaper  of  January  10,  1830,  describes  them  as  being  supplied  in 
tin  boxes,  accompanied  by  a  piece  of  glass  paper,  between  the  folds  of  which  the 
match  to  be  inflamed  was  pinched,  and  then  suddenly  drawn  out.  Phosphorus  friction 
mstfhes  were  not  known  on  the  continent  until  the  year  1833,  and,  very  curiously. 
several  nations  seem  to  have  simultaneously  produced  this  kind  of  match,  so  that  it  is 
diAadt  to  say  who  was  the  discoverer  of  the  first  phosphorus  matches.  As  early  as 
1816  Derosne  appears  to  have  been  acquainted  with  the  preparation  of  phosphorus 
mstrhee.  The  first  phosphorus  matches  consisted  essentially  of  a  mixture  of^phos- 
phorus  and  potassium  chlorate,  and  they  were  so  dangerous  that  their  manu&cture 
WIS,  in  many  countries,  prohibited  by  law.  The  next  attempt  was  made  with  a  mix- 
tare  of  potassium  chlorate,  red  lead,  manganese,  and  phosphorus,  which  was  succeeded 
bj  one  consisting  of  lead  peroxide  and  phosphorus,  acd  finally  of  a  mixture  consisting 
ai  red  lead,  salpetre,  and  phosphorus.  The  modifications  of  modem  date  will  be 
taMted  of  fazther  on. 

The  use  of  amorphous  phosphorus  instead  of  ordinary  phosphorus  is  of  great  im- 
patUnob  tar  this  branch  of  industry,  and  although  the  consumption  of  this  substance 
bs  not  jet  attained  the  dimensions  which  might  be  expected,  still  its  advantages 
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over  ordinary  phosphoroB  are  so  great,  that  its  oonBmnptioii  ia  rare  before  long  to 
aflBumerenr  considerable  dimensions,  and,  probably,  to  exceed  that  of  ordinary  ^oa- 
phoms.  The  nse  of  amorphous  phosphoros  wonld  prerent  the  terrible  diaeaae  of  the 
jaws  from  which  the  workpeople  employed  in  the  manofactore  of  matches  containing 
ordinary  phosphorus  suffer,  and  besides  this,  cases  of  poisoning  with  the  heads  of 
iudfer  matches  would  be  rendered  impossible. 

The  wood  employed  in  the  manufacture  of  ihatches  is  generally  that  of  fir,  pine, 
or  aspen  trees,  less  often  poplar,  birch,  or  beech,  etc  The  method  of  preparii^  the 
splints  varies  with  the  form  to  be  given  to  them. 

For  the  preparation  of  cylindrical  splints  a  kind  of  plane  is  used,  the  edge  of 
which  is  fluted,  and  it  has  a  number  of  holes,  generally  tnree.  When  this  plane  is 
forced  along  a  lath  of  wood,  in  a  direction  parcel  to  Uie  fibres,  the  tool  penetrates 
into  the  wood,  cutting  it  up  into  cylindrical  splints,  each  splint  having  a  length  equal 
to  that  of  the  lath  taken.  The  laih  is  then  again  planed  true  with  an  ordinair  ^ane, 
and  the  former  operation  repeated.  This  kind  of  work  is  generally  conducted  in  the 
forest  where  the  trees  grow;  thus,  for  instance,  in  the  Black  Forest,  in  several  parts  of 
Bohemia,  and  in  Austria,  etc. 

The  next  operation,  viz.  that  of  cutting  the  splints  into  lengths  suitable  fbr  the 
match  manu&cturer,  is  generally  performed  in  the  match  factories.  A  machine  of  the 
kind  consists  of  a  narrow  trough  provided  with  a  slit,  in  which  works  a  knife  moved 
by  a  lever.  Wrana  has  invented  an  apparatus,  by  means  of  which  manual  akill  is  in 
part  supplanted  by  machinery.  The  plane  of  thiH  machine  is  impelled  forwards  bj 
mechanism,  and  is  simply  guided  by  the  workman.  In  Krutcsch's  apparatus,  manual 
labour  is  entirelv  supplanted  by  machinery.  His  machine  consists  of  a  steel  plate, 
with  about  400  holes  placed  as  near  together  as  possible ;  the  edges  of  theee«holes  are 
sharpened,  and  a  blod:  of  wood  is  forced  in  the  direction  of  the  fibres  against  the 
plate,  and  thus  divided  into  splints. 

Sulpkuration  of  the  Minis, — For  the  purpose  of  suh>huring,  the  splints  are  packed 
in  firames  in  such  a  way  that  when  dipped  in  sulphur,  sufficient  room  is  left  between  each 
splint  for  the  excess  of  sulphur  to  drop  off.  The  fhimes  are  square,  and  consist  of  a 
number  of  parallel  divisions,  between  which  the  splints  are  so  laid  that  on  one  aide  of 
ike  frame  their  ends  lie  like  the  fibres  of  a  brush.  A  single  frame  generally  has  83 
divisions,  and  each  division  holds  40  splints,  making  a  total  of  1,280  splii^.  The 
placing  of  the  splints  in  the  frame  was  formerly  performed  by  hand,  but  at  the 
present  day  a  very  ingeniously  constructed  apparatus  is  employed,  which  saves  a  con- 
siderable  loss  of  time.  The  splints  are  made  to  fall,  by  a  process  of  shaking,  throng 
the  holes  of  a  perforated  metal  plate,  into  the  divisions  in  the  frames,  whidi  are  tat 
this  purpose  ^ghtly  loosened.  As  soon  as  the  frames  are  full,  they  are  drawn 
togetner  so  as  to  secure  the  splints  firmly,  and  removed. 

The  frames  holding  the  splints  are  next  placed  in  a  horizontal  position  over 
melted  sulphur,  and  lowered  so  that  the  protruding  ends  of  the  splints  are  covered  to 
about  ^  in.  with  sulphur.  The  sulphur  is  contained  in  a  shallow  pan,  the  bottom 
of  which  consists  of  a  perfoctly  even  and  horizontally  placed  stone  slab,  heated 
sufficiently  to  retain  the  layer  of  sulphur  ono-third  of  an  inch  deep,  at  a  temperature  of 
from  125^-130°  0.  The  frames  are  so  lowered  into  this  sulphur  trough  that  the 
ends  of  the  splints  just  rest  upon  the  bottom  of  the  plate.  The  frames  are  then  taken 
out,  and  the  excess  of  sulphur  adhering  to  the  splints  removed  by  shaking  them,  so 
that  only  a  thin  covering  of  sulphur  adheres  to  each  splint. 

Matches  are  now  often  dipped  in  stearin  or  paraffin  instead  of  sulphur,  both  of 
which  are  preferable  to  sulphur,  as  in  burning  they  do  not  evolve  the  penetrating  and 
disagreable  smell  afforded  by  it. 

The  tipping  of  the  splints  with  the  ignitable  mixture  is  effected  in  the  same  way 
as  that  just  described  in  coating  with  sulphur,  etc.,  the  only  difference  being  that  the 
layer  of  ignitable  mixture  is  only  ^  in.  in  depth. 

A  special  machine  for  dipping  the  splints  in  the  ignitable  comp<Msition  has  been 
constructed  by  Higgins.  This  consists  of  an  endless  chain,  supporting  the  frames, 
which  are  thus  drawn  over  the  vessel  containing  the  composition.  In  the  ignitaUe 
composition  itself  is  a  rotating  grooved  roller,  the  grooves  of  which  are  filled  with  the 
mixture  as  it  revolves,  and  the  splints  are  caught  one  after  the  other,  and  are  pressed 
by  a  special  contrivance  against  the  ignitable  composition  in  the  grooves  of  the  roller. 
The  entire  apparatus  is  covered  with  a  gloss  case,  so  as  to  shield  the  workmen  from 
the  injurious  effects  of  phosphorus  vapours. 

The  composition  of  the  combustible  composition  varies  considerably,  being  in  part 
a  trade  secret,  each  manufactory  having  its  own.  The  following  tables  wiU,  however, 
serve  to  give  some  idea  of  the  compositions  most  in  use.  Such  compositions  generally 
contain  a  small  quantity  of  phosphorus,  the  chief  muss  consisting  of  oxidising 
substances,  together  with  some  adhesive  substance,  such  a<«  glue  or  gum.    In  thil 
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■1^  ^hb  !■  AUHT&Uj  iu«d,  in  conseqasnce  of  tJie  liability  of  grnxk  to  absovb  tth^a- 
nfranUwur.  Among  the  older  recipw,  b;  Boucher,  and  vhich  an  nowiapait 
LBM^  are  (he  two  following: 


Saltpetn 
Red  lead 
Qloe 


HaDganeae  peroxide 


Stjtu  obUiaed,  by  RoaljiiB,  the  foUowing  reaolta : 


Tbonbonu 

fflne       .       .       .       . 

Watv      .... 

Badochre 

GniiabaT  or  ftusnan  bine 

PWaeaittni  dilomt«  . 


2-0      Onm  25 


2S-0(  red  lead.' 


30 


*b  glne  ia  naed,  it  ia  cqt  in  pieces  and  soaked 
"*«»p.    It  i*  then  broneht  into  ft  boi'm  (*,  flg. 


OIna 

Chalk  .3-0 

I^mp-black  .      0-12 

Hanganese  peroxide  .        1-0 

r  fiir  thn«  hours,  nntil  it 
heated  b;  n  watet  bath 


Pu.  100 


Fio.  101. 


When  the  glue  baa  melted,  the  pot  ie  takon  oat  ana  placed  apon  a 
"  t-  101),  the  phosphoms  mixture  is  thrown  into  the  pot,  and  the 
h  the  stirrer  (a)  antil  cooL  Tbe  itimr  is  fomjehed  with  bristles, 
a  an  smolsion  of  glne  aod  phosphorus  is  prodacsd,  which  is  mixed 
•  sand,  nd  lead,  and  other  iDgredienti  of  the  compoiition.  The  mass  is  then 
mted  ia  the  watar  bath  until  liqnid,  when  it  is  poured  out  upon  the  marble  or 
tote  OBsd  in  the  dip^ang  proceaa,  and  heated  b;  a  water  bath  placed  banuth 
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it.  When  gum  is  used  in  the  place  of  gluo,  the  process  is  conducted  in  a  similar  way, 
the  only  difference  being  that  it  is  not  necessary  to  pour  the  mixture  in  a  warm  state 
upon  the  dipping  plate,  or  to  heat  the  latter. 

Less  phosphorus  is  required,  according  to  Wagner,  when  the  phosphorus  has  been 
previously  dissolved  in  carbon  bisulphide,  and  the  other  ingredients  added  to  the  sola- 
tion.  After  the  evaporation  of  the  carbon  bisulphide,  the  phosphorus  remains  in  so 
fine  a  state  of  division,  that  it  is  very  easily  ignited.  The  recipe  yn.,  above  given, 
mfers  to  a  case  of  the  kind.  In  some  cases  dextrin  may  conveniently  take  the  place 
of  glue  or  gum  as  adhesive  materiaL 

Jurying  of  the  Splints, — After  the  dipping  is  over,  the  splints  are  allowed  to  diy 
in  the  air  for  a  short  time.  When  glue  has  been  used,  the  &ames  are  hung  out  in  the 
air  for  two  or  three  hours ;  in  cases  where  gum  has  been  used  the  frames  are  exposed 
to  the  air  for  24  hours.  The  preliminary  drying  is  then  succeeded  by  a  more  complete 
drying  process,  for  which  purpose  the  friimes  are  hung  upon  iron  supports  in  specially 
constructed  drying  rooms,  constructed  of  fire-proof  material,  and  heated  by  hot-water 
pipes  laid  along  the  fioor.  The  fioor  is  strewed  with  sand  to  a  depth  of  4  or  6  inches, 
so  as  to  avoid  the  ignition  of  any  matches  that  may  have  fallen  on  to  the  floor,  should 
one  get  trodden  on.  The  sand  serves  further  to  extinguish  any  fire  that  may  break 
out  Each  frame  and  its  support  is  separated  from  its  neighbour  by  a  screen  of 
nheet  iron,  so  as  to  lociilise  the  fire  in  case  of  ignition. 

When  the  combustible  mixture  has  thoroughly  dried,  the  splints  are  removed  from 
the  frames,  and  packed  for  exportation  in  paper,  papior-mAchJ  boxes,  or  in  boxes  of 
thin  wood. 

In  order  to  prevent  the  matches  from  smouldering  after  the  fiame  has  been  extin- 
guished,  Howse  recommends  soaking  tlio  splints,  before  dipping,  in  concentrated 
saline  solutions  for  about  48  hours,  and  then  orying  them  rapidly.  The  salts  proposed 
are  alum,  sodium  silicate,  ammonium  borate,  ammonium  sulphate,  or  ammonium 
phosphate,  sal  ammoniac,  and  zinc  sulphate. 

The  precautions  necessary  in  match  manufactories  cannot  be  ovezrated.  Tabs 
filled  with  water  ought  to  be  placed  in  the  rooms  where  phosphorus  is  handled, 
so  that  in  case  of  an  accident  happening  to  a  workman  by  the  spirting  of  phosphoma, 
he  may  at  once  plunge  the  wound  into  cold  water.  Good  ventilation  also  ought 
especially  to  be  provided,  for  that  alone  can  protect  the  workmen  ttom  disease  and 
ill-health. 

Matches  without  Sulphur, — ^It  has  been  already  mentioned  above  that  the  unplea- 
santness of  sulphur  matches  may  be  avoided  by  dipping  the  splints  in  substances 
like  stearin,  paraffin,  etc.  instead  of  sulphur.  The  preparation  of  stearin  matches  will 
serve  as  an  example  of  the  process.  The  splints  are  fslstened  in  the  frames  and  their 
ends  scorched  by  pressing  them  against  hot  iron  plates.  They  are  then  dipped  in 
shallow  vessels  lined  with  lead  or  tin,  containing  a  layer  of  melted  stearin  j^  to  ^  in. 
deep,  which  is  kept  hot  meanwhile.  The  stearin  is  absorbed  by  capillarity  into  the 
pores  of  the  wood,  penetrating  the  entire  lower  extremity  of  the  splints.  The  splints 
are  allowed  to  remain  a  short  time  in  the  melted  stearin,  and  are  then  tipped  with 
combustible  material  in  the  usual  way. 

The  ignition  of  the  matches  is  f&ciliated  by  using  a  combustible  composition  oon- 
taining  less  glue  or  gum,  and  more  of  oxidising  substances ;  thus : 

Phosphorus 8*0 

Gum 0*5 

Water 80 

Sand 20 

Lead  peroxide 2*0 

Instead  of  lead  peroxide,  a  somewhat  larger  quantity  of  red  lead  and  0*5  parts  of 
nitric  acid  may  be  substituted. 

Wax  or  Vesta  Matches. — ^These  are  prepared  in  the  following  way.  A  number  of 
cotton  wicks,  from  100-200,  wound  round  a  large  roller,  are  drawn  through  a  bath  of 
melted  wax,  or  a  mixture  of  2  parts  stearin  with  1  part  wax,  the  individual  wicks 
being  kept  apart  by  a  comb.  Each  wick  is  thus  covered  with  a  coating  of  wax,  and 
they  are  next  passed  through  a  perfurutod  iron  plate,  the  opening  of  which  corresponds 
with  the  thickness  desired  to  bo  given  to  the  taper.  The  tapers  are  then  cut  by 
machinery  to  the  required  length,  packed  in  frames,  and  tipped  in  the  usual  way. 
These  matches  require  a  very  readily  ignitable  tipping,  since  they  are  too  weak  to  bear 
great  pressure  when  rubbed. 

The  following  composition  of  a  mixture  suitable  for  tipping  wax  matches  ia  giwi 
by  Merckel : 
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Phosplumif 12 

Gum 14 

Aotimonous  sulphide         ....  3 

Bed  lead 36 

Nitrieadd 21 

Cumabar 0*1 


Nitric  add 21 1'^^^^^"^^^^-' 


Znlrer  has  constructed  a  machine  by  means  of  which  the  tapers  are  cut,  fastened  in 
ftamea,  and  then  dipped,  in  one  consecutive  operation.  The  tapers  are  carried  bj 
■laehiDeiy  to  holes  m  a  moreable  yertical  iron  table,  which  is  connected  with  a  cutting 
appantos  for^viding  them  into  suitable  lengths.  The  wicks  when  cut  remain  &8t  in 
these  holes,  and  are  carried  away,  by  a  mechanical  contrivance,  to  be  dipped,  while  afresh 
perfomted  iron  table  takes  the  place  of  the  one  already  filled. 

FuBees  for  lighting  cigars,  etc,  are  prepared  from  paper  or  other  combustible 
■atflriiil  which  has  been  saturated  with  a  solution  of  saltpetre,  and  thus  rendered 
eapabla  of  burning  in  the  open  air. 

Amorphous  Phosphorus  Matches. — In  preparing  these  the  splints  are  treated  first  of 
all  with  salphur  or  stearin  in  the  usual  way,  after  which  they  are  dipped  into  a  com- 
bostaUo  composition  spread  out  upon  a  horizontal  marble  plate,  to  the  depth  of  ^  to  ^ 
In.  To  prepare  the  combustible  composition,  40  parts  of  finely  powdered  potassium 
ehknte  are  thrown  into  60  parts  of  a  thick  solution  of  gum,  to  which  is  then  added  40 
parts  of  amorphons  phosphorus  and  20  parts  of  powdered  glass.  When  glue  is  used  in 
tha  piaoe  of  gum,  it  is  softened  by  soaking  in  water  for  four  or  six  hours,  and  then 
diMolTed  bj  heating  it  for  fifteen  or  twenty  minutes  in  a  water  bath  to  60°  or  60°. 
To  76  parts  of  glne  solution  are  then  added  40  parts  of  potassium  chlorate,  40  parts  of 
saunpooiis  phosphoms,  and  15  to  20  parts  of  powdered  gloss,  the  composition  being 
anreaid  out  upon  a  marble  plate,  heated  by  steam  to  a  temperature  of  36°  or  40°,  and 
toe  ^ints  dipped  in  the  mixture.     The  drying  process  is  effected  in  the  usual  way. 

In  1853  Lnndstrom,  in  Sweden,  took  out  a  patent  for  non -poisonous  matches,  which 
eoold  only  be  ignited  by  rubbing  them  against  a  specially  prepared  surface.  The  splints 
are  either  oorered  first  of  all  with  sulphur,  or  are  impregnated  with  stearic  acid,  wax, 
p^TmlWn,  etc.,  and  are  then  dipped  in  the  following  composition : 

PotasBiiim  chlorate   .  .    « 6 

Antimonons  sulphide 2-Z 

Glne 1 

Tbe  Bniihce  asainst  which  the  matches  are  rubbed  is  generally  the  side  of  the 
box,  or  a  pieee  of  paper,  painted  over  with  the  following  composition : 

Amorphous  phosphorus 10 

Manganese  peroxide  or  antimonous  sulphide    ....    8 
aine 3-6 

Matches  made  in  Pftris,  and  known  in  the  trade  as  androgynes,  have  their  sulphured 
rad  covered  with  a  mixture  consisting  of  2  parts  potassium  chlorate,  1  part  charcoal, 
and  1  part  umber,  the  composition  being  secured  by  glue,  while  their  other  end  consisls 
of  amorphous  phosphorus,  also  attached  by  means  of  glue.  When  required  for  use,  a 
splint  of  the  kind  is  broken  in  two,  and  the  two  opposite  ends  rubbed  against  one 
another. 

C^mtprnMnABm — Phosphorus  forms  a  number  of  compounds  with  other  elementary 
substances,  bat  only  a  few  of  them  possess  any  industrial  importance.  These  com- 
poonds  are  generally  termed  phosphides,  and  they  present  considerable  anal(^es 
to  the  ootresponding  componnds  of  nitrogen,  arsenic,  and  antimony.  This  is  especially 
erideotin  the  gaseous  compoond  of  phosphorus  and  hydrogen  tH^luiownasph  osph  i  ne 
or  phosphnretted  hydrogen,  which  is  closely  analogous  to  ammonia,  both  in 
coostitiition  and  many  other  respects. 

There  is  another  compound  of  phosphorus  and  hydrogen  represented  by  the  formula 
PH^  Phosphoms  combines  with  chlorine  in  two  proportions,  forming  a  trichloride 
PCl^  in  irfuch  it  is  trivalent,  and  a  pentachloride  PCI,,  in  which  it  is  pcntavalent. 
Hie  bromine  compounds  are  similarly  constituted,  and  there  is  a  triodide  PI,,  as  well 
as  a  diiodide  PI^  corresponding  to  the  dihydride,  but  no  pentiodidc  is  known.     The 

ipooDds  with   fiuorine  and  cyanogen  correspond  to  the  trichloride.     Phosphorus 

ioines  in  several  proportions  with  sulphur;  it  also  combines  with  several  of  the 
but  these  substances  are  very  little  known  ;  th»y  appear  to  be  in  some  respects 
analogous  to  the  sulphides  in  their  general  characters.  The  presence  of  a  very  minute 
proportion  of  phosphoms  in  some  metals  renders  them  hard  mul  brittle  (see  '  Iron  and 

Coppw')- 

fiesides  the  above-mentioned  compounds  of  phosphorus  with  elementary  substances 

M 
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a  number  of  substances  are  known  by  the  general  name  of  phosphorus  bases,  which 
are  compounds  of  phosphorus  with  compound  radicles  or  pseudo-elementuiy  subetances 
such  as  ethyl  C^H,.  These  substances  are  analogous  in  constitution  to  ammonia  or 
ammonium,  and  to  the  ammonia  bases  and  other  substances  in  which  hydrocarbon 
compounds  act  the  part  of  pseudo-elementary  substances  (see  ante,  pp.  39  and  69). 

The  most  important  compounds  of  phosphorus  are  the  oxides.  Two  of  these  are 
known  in  the  aimydrous  state — the  trioxide  or  phosphorous  oxide  P^Og,  and  the 
pentoxide  PsO.,  or  phosphoric  oxide;  they  br>th  combine  with  water,  forming 
hydrates  or  the  hydrogen  salts  known  as  phosp  horous  acid  H,PO,  and  phosphorie 
acid  HjPOf,  and  with  basic  oxides,  constituting  the  corresponding  saline  substanees 
known  as  phosphites  and  phosphates.  A  Uiird  oxide,  P,0,  is  known  only  in  tiie 
fftate  of  combination  either  with  basic  oxides  as  hypophosphites,  or  with  wtAet,  the 
hydrate  or  hydrogen  salt  being  hypophosphorous  acid. 

Hydntw 

P,0  3H,0  B  2  H,PO,  Hypophosphoromi  acid 

Triozideor  phosphorous  oxide  P,0,    P,0,3H,0  «  2  !E^0,  PhMphoioas  acid 

Pentoxide  or  phosphoric  oxide  P,Os    P,0s8H,0  »  2  H^O^  Phosphoric  acid 

These  three  acids,  which  may  be  regarded  as  forming  a  series  of  oxides  of  phosphine 
PH„  differ  in  respect  to  the-jiydrogen  replaceable  by  metals.  In  hypophoephorous  add 
only  one  third  of  the  hydrogen  can  be  thus  replaced,  and  the  general  fbrmnla  ci  the 
hypophosphites  is  MH^PO,.  In  phosphorous  acid  two  thirds  of  the  hydrogen  can  be 
replaced  by  metals,  and  the  general  formula  of  the  phosi^tes  is  M,HfO,  ;  bat  in  tlw 
acid  corresponding  to  phosphoric  oxide  the  whole  of  the  hydrogen  can  be  raplaeed  by 
metals,  ana  according  to  the  amount  actually  replaced  in  this  way  three  series  of  oiJta 
are  formed,  the  composition  of  which,  as  compared  with  phosphoric  acid,  may  be 
represented  by  the  fouowing  formulae : 

Phosphoric  acid H^PO^ 

Neural  sodium  phosphate Ka^POf 

Add  sodium  phosphates iN^^O* 

Beddes  the  ordinary  phosphoric  add  tl^ere  are  at  least  two  other  hydrates  of  phos- 
phoric oxide  which  differ  from  it  in  many  reopects^  and  oonttitate  esseBtially  «^i^t^nft 
acids  representing  distinct  series  of  salts. 

Trihydrate      Ffi^ZKfi     <>     H«P,0,    or    2H^4    orthophoQ>faoric  add 
Dihydrate       P,0»2H,0     »     B4P,0,  pyrc^hosphorio  add 

Monhydrate    P,0»  H,0     «     H,P,0«    or    2HP0,    metaphosphorio  add 

The  metaphoephates  containing  one  atomic  proportion  of  a  monoyalent  metal  hare 
the  general  formula  MPOg,  those  containing  one  atomic  proportion  of  a  diyaleot  metal 
haye  the  formula  WPfi^  and  those  containing  one  atomic  proportion  of  a  trifalent 
metal  WTfi^.  The  metaphoephates  are  capable  of  oombimng  with  each  other  and 
forming  a  great  number  of  double  salts  or  polymeric  compounds.  There  are  lour 
series  of  pyrophosphates  which  may  be  represented  by  the  sodium  salts : — 

Neutral  sodium  pyrophosphate Na^,0, 

fNaJH^O, 

Acid  sodium  pyrophosphates      .... 


(Na^ftV 


The  neutral  calcium  salt  is  Ca^^P^O,,  and  the  neutral  aluminum  salt  Al'^^^O^i. 
The  salts  of  the  first  three  series  may  contain  two  or  more  different  metals. 

The  characters  of  the  three  kinds  of  phosphoric  add  and  those  of  the  oorreapond- 
Ing  salts  are  totally  distinct ;  thus,  for  instance,  metaphoephoric  add  coagulates  alba- 
men,  and  the  acid  as  well  as  its  salts  giye  a  white  precipitate  with  nlyer  nitrate,  while 
orthophosphoric  acid  does  not  coagulate  albumen  or  giye  the  same  white  prsdpitato 
with  silyer  nitrate,  and  its  salts  giye  a  bright  yellow  precipitate  with  mlyer  nitrate. 
Pyrophosphoric  acid  does  not  coagulate  albumen,  and  its  salts  giye  a  white  predpitat r 
with  silyer  nitrate.  Both  metaphoephoric  add  and  pyrophosphoric  add  are  readily 
conyertcd  into  orthophosphoric  acid  by  boiling  their  solutions  in  water.  The  corre- 
sponding salts  are  also  conyertcd  into  orthophosphates  in  the  same  way,  or  by  ftinon 
with  excess  of  alkali. 


CHLORINE. 

Symbol  CI.      Atomic   Weight   355. 

fm — nds  fabftaiice  was  discovered  in  1774,  by  Scheele,  who  regarded  it, 
aeoordiiu^  to  the  Tiews  then  prevailing,  as  dephlogisticatod  hydrochloric  acid.  Ber- 
tfaoUet  held  chlorine  to  be  a  oompound  substance,  containing  oxygen  for  one  of  its 
eoBStitnente  and  hydrochloric  acia  for  the  other.  Gay-Lnssac  and  Th^nard  were  of 
Che  ame  opinion,  or  at  least  they  did  not  consider  chlorine  to  be  an  elementary  sub- 
■tasee.  Sir  H.  Davy  was  the  first  to  ascertain  the  real  nature  of  chlorino,  and  it  owes 
its  name  to  him. 


lorine  does  not  occur  naturally  in  the  free  state ;  it  exists. 
hoiVBver,  ytxj  abundantly  in  combination  with  other  substances.  Combined  with 
hydrogen  as  hydrochloric  acid,  it  occurs  in  the  water  of  some  volcanic  springs ;  it 
oocozs  in  very  large  quantities  combined  with  sodium,  asrock  salt  or  common  salt, 
either  forming  extensive  beds^  or  in  solution,  as  in  sea- water  and  the  water  of  springs. 
In  combination  with  potassium,  chlorine  occurs  as  sylvin  at  Stassfort  and  at  Kalucz 
in  Qalicia ;  combined  with  magnesium  it  occurs  in  sea  water,  and  in  combination  with 
potaanam  and  magnesium,  as  carnal  lite,  at  Stassfurt  and  other  places ;  in  combina- 
tKMi  with  ammonium  or  with  calcium,  chlorine  also  occurs  in  smaller  quantities  in 
Toleanie  exhalations,  and  in  certain  mineral  waters. 

Chlorine  also  occurs  naturally  in  combination  with  the  heavy  metals,  such  as 
alver,  lead,  etc,  but  in  comparatively  small  quantities.  Chlorine  is  a  never-failing 
oonstitnent  of  the  juices,  etc,  of  both  plants  and  animals  ;  consequently  it  may  be 
redconed  as  one  of  the  most  widely  difi^isod  elements. 

fT^aiaiiHiii — Chlorine  is  at  the  ordinary  temperature  and  pressure  u  greenish 
yellow  gas.  This  character  induced  Sir  H.  Davy  to  give  to  it  the  name  chlorine,  from 
XAf  ^t,  greenish-yellow.  It  has  an  unpleasant  smell  and  exerts  a  powerful  suffocating 
action,  causing  very  dangerous  irritation  of  the  air  passages,  accompanied  by  violent 
cooghia^  and  even  expectoration  of  blood.  The  density  of  chlorine  gas  relatively  to 
hydrogen  is  85*5,  and  it  has  relatively  to  air  a  specific  gravity  of  2*442.  At  0°  and 
under  a  pressure  of  6  atmospheres,  it  condenses,  forming  a  liquid  of  dark  greenish 
yellow cmour,  having  in  relation  to  water  a  specific  ^vity  of  1*38.  Chlorine  has  not 
yet  been  obtained  in  the  solid  condition.  The  solubility  of  chlorine  gas  in  water  varies 
with  the  temperature  very  considerably.  At  0^  water  dissolves  only  1*45  times  its 
volume,  and  at  8^  as  much  as  3*04  times  its  volume ;  at  17"^,  2*37,  at  35°C.  1*60,  and 
at  dO'^C.  1*09  times  its  volume.  Upon  conducting  chlorine  gas  into  water  cooled  below 
8^,  there  is  formed  a  compound  of  chlorine  with  water,  which  has  a  composition 
represented  by  the  formula  CI  5H,0 ;  it  is  a  colourless  crystalline  substance,  which 
decomposes  at  the  ordinaiy  temperature  into  chlorine  and  water.  A  solution  of 
chlosine  in  water  ii  decomposed  by  exposure  to  sunlight,  yielding  hydrochloric  acid 
and  oixygen  gas,  which  escapes.  On  this  account  a  solution  of  chlorine  which,  when 
freshly  prepared,  has  a  green  colour,  soon  bleaches  on  exposure  to  light ;  hence  it  is 
III II  issarj  to  keep  solution  of  chlorine  in  a  dark  place. 

The  most  important  property  of  chlorine,  or  at  least  that  to  which  it  owes  its  use  on 
a  laige  scale,  is  the  bleaching  action  it  exerts  upon  vegetable  colouring  matters. 
This  bleaching  action  of  chlorine  is  due  to  its  combination  with  hydrogen,  which  is 
a  constituent  of  nearly  all  organic  substances.  Chlorine  acconlingly  deprives  all  such 
orsjanic  subetancee  of  their  hydrogen,  producing  indirectly  oxidation,  and  thereby  de- 
composing them.  It  is,  however,  capable  of  acting  both  as  an  oxidising  and  bleaching 
agent  upon  vegetable  colouring  matters  by  combining  with  the  hydrogen  of  any  water 
that  may  be  present,  thus  liberating  oxygen,  which  combines  with  the  colouring 
matter. 


ttlOB. — Chlorine  is  prepared  on  a  small  scale  by  gentJy  heating  concen- 
tr^ted  hydrochloric  acid  with  pieces  of  manganese  peroxide  broken  up  to  about  the  sice 
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of  B  mtt  in  •  good-nif!  gl^iin  flask.  The  nsctioD  that  taken  plii?f  in  repKaeott 
br  thswnutiim — 

4HC1  -f  MaO,    -    MdCL,  +  2H,0    *  2Cl 
lU  87  US  3B  71 

Vlun  chlorine  ceuu  lo  he  dsrelimed.  the  aolatiiiii  of  mangBiiMr  pnitodilonda 
poqred  uffuid  beah  hydrochloric  acid  poured  into  the  ^nerating  fla^  Inoider 
drj  the  gaa,  it  is  paned  first  thrangh  a  Woalfe'a  bottle,  contaning  coiiMDb»tad  Mt 
pfanric  acid,  and  Uien  tbronifh  one  or  two  U  tabra.  filled  either  with  pieces  of  calcii) 
eblnrida  or  pnmice  stone  saturated  with  concentrated  mlphnric  acid. 

In  tlie  abore  method  of  pruparine  eblorine,  half  of  the  ehlariae  remaiu  in  eoi 
binatjon  with  m&agnneBe.  B7  acting  upon  comnion  nit  with  mlphimc  acid  Ki 
maiigaaeae  peroxide,  the  entire  amount  of  chlorine  contained  in  it  ma;  be  liberate 
according  to  the  equation  • 

SNaCI  *  MnO,  -f  2H^,     -     MnSO.  +  Na,SO,  *  !H,0  +  SQ 
117  B7  ise  161  US  S6  71 

Pncticallj  three  eqniralenta  of  sniphnrie  add  are  taken,  becaiue  aodlnm  ehloridaiiBa 
eDtiretj'  decomposed  by  mlpharic  add.  except  at  tht;  high  tamperatnreB,  wHtm  IM 
phnric  acid  be  present  in  quantity  mffldent  to  cause  the  formation  of  add  aodiumn 
pbittt.  On  a  Urge  scale,  it  is  seldom  cnstomar;  to  emptoj  common  aalt  and  BiU[kiK 
acid,  as  the  price  of  hydrochloric  acid  is  now  so  Teij  moderate.  The  sae  cf  mm. 
nennm  chloride,  which  in  now  exlremply  cheap,  would  offer  manj  adrantagai  dv 
the  DM  of  salt. 

S«reisl  other  methods  of  preparing  ehlotine  ba*e  been  propoaed,  of  which  K 
following  are  eiamples  : — 

Schl^ng's  method  connita  in  acting  upon  manganese  peroxide  with  a  miztm^ 
hTdrochlorle  and  nitric  acids,  the  concentration  being  so  regalated  that,  chlorine  »^ 
is  erxilTid.  The  residae  comnsling  of  mangHnons  nitrate,  yielding  upon  calcinafc 
manganese  peroxide  and  nitrona  gas,  which  by  contact  with  water  yields  nitric  am 

Mallet  oxidises  cnprous  chloride  by  the  oxygen  of  the  air.  This,  whentrtatsd^ 
hydrochloric  add,  yields  chlorine  and  cupcons  chloride,  which  is  again  ondiwd 

Schank's  method  consists  in  treating  caldnm  chromate  with  hydiochlorii:  add, 
as  lo  produce  chlorine,  caldnm  chloride  nnd  chromium  chloride,  from  which  chron 
oxide  is  predpitated  by  treatment  with  calcinm  carbonate,  and  the  precipitate  agai 
CODTeited  into  calcinm  chromate  by  igniting  it  with  lime. 

Ihinlop's  method  coneiets  in  dpcampoainf;  a  miitnre  of  conunoo  salt  and  MdiBX 
nitrate  with  snlpharic  acid.  Chlorine  and  nitrogen  oxides  are  given  off,  and  by  piM 
ing  the  gas  thcongh  solphorie  acid  the  nitrons  compounds  are  absorbed  and  aqiaBW 
tiint  the  chlorine. 


For  this  purpose  a  mixture  of  hydrochloric  add  gas  and  air  is  jaased  thimth 
.L._.t ._  rfii.l    ■..  ,.  .     ._._._ ,  _  L^^  (^  rednesii. 

superseded  the  decompodtion  tif  hydM 
chloric  acid  b;  maitganeae  peroxide. 

For  the  preparation  of  dilorine  on  a  la^  scale  the  appontus  coasiitt  aiha  »' 
leaden  sUU  01,  as  shown  from  *  to  b  in  flg.  102,  of  several  stoneware  jsic  of  30  to 


For  this  purpose  a  mixture  of  hydrochloric  add  gas  and  j 
chamber  filled  with  Ininpa  of  porous  clay  heated  to  redness. 
However,  none  of  these  methods  tmve  superseded  the  i 


gnllon*  capooitT,  fitted  into  cast-iron  baths,  which  are  either  left  empty  or  fltled  wift 
wnlcr.nHdnm  heated  Ijyn  fire  (rf).  If  n  tonipomturc  n  little  above  101PG.  is  nqnilA 
cnnmion  khII.  mlrium  rhloriile,  or  mngiiCiiium  chliiridc  ifi  diswived  in  the  water  of  tbi 


For  IS 
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htthi.    The  batlia  an  aometimH  heated  b?  stenm  of  high  tenaion  admitted  through  a 
nM  ioto  the  ntcr  of  the  baths. 

■a  are  coonecttid  with  each  other  by  tbe  tube  («)  of  leiid  or  earthen- 
» letting  the  procees  goiog,  the  generators  are  half  filled  with  hjnjrachloric 
Kid.  tba  moM  epeaingi  closed,  aod  after  connecting  them  with  the  rest  of  the  appa- 
atas,  perforated  stODeir&re  cyliadara  (u,  flg.  103),  COD- 
liining  pieces  of  manganese  penwidfl.  are  insert^  ioto  ^ 

the  neck  of  the  generating  TGfselB.    These  cjliodera  are  i*\     ,=^ 

dfl«d  below,  and  have  two  wide  holes  at  the  npper  7* — ^  (f 
«iid«,  which  serve  aa  a  hold  for  the  tonga  (ir,  flg.  lOt), 
bj  meuis  of  which  the  cylinders  are  placed  in,  or  re- 
BDTsd  ftncn  the  generating  veaaela.  As  soon  as  the 
trlindera  have  been  fitted  into  the  generating  n 
tbe  lida  (a,  fig.  103)arelutedon,  and  the  genetators  ai 
hated  at  flrst  gentlj,  the  heat  beiag  increased  towards 
the  sod  of  the  process.  The  gas  eTolved  is  condncted, 
n  as  to  cool  it,  through  the  leaden  tnbe  (a*)  into  a 
l(BwwmnTSBsl,andthn)sgh  tlie  tnbe  («")  into  another        Fio,  103.  Fio.  101. 

BidUr  Tessa),  wbence  it  passes  to  its  final  destination. 

Id  muin&ctorias  where  rery  large  qaaatities  of  chlorisa  are  employed,  the  gene- 
nliiigstillaconBiat  of  lorgr  cubical  vessels  of  sandstone,  holding  200  gallons  and  np- 
nrda.  Theae  chlorine  stills  are  sometimes  hewn  out  of  a  single  stone  block,  or  they 
ue  boilt  of  slabs  and  soaked  with  tar  so  aa  to  enable  (hem  to  resist  the  influence  of 
tksaadand  tbe  cblnrine.  Theyareheated  either  b;  passing  etenm  into  them,  or  into 
1  jadat  of  the  same  materia]  aa  that  of  which  they  ar«  mndc.  The  generators  are 
(Msnllj  fitted  with  a  grating,  npoa  which  the  pieces  of  maiiganesa  paroiide  are 
plieed,  or,  as  is  somelimes  the  case,  a  number  of  perfurated  cylinders  like  that 
diowii  in  fig.  103  are  suspended  in  them,  and  they  nri>  closed  by  Blabs  of  sandstone 
*ith  manhole  and  delivery  tubes.  Since  it  is  not  poBsiblB  to  raise  the  temperature  of 
tbtae  aanditraie  generators  sofficiently  high,  the  hydrochloric  acid  is  Dot  so  completely 
duompoMd  io  them  as  in  the  vessels  of  stoneware. 

Tfa«  reaidnss  &om  the  chlorine  generators  may  be  nsed  for  purposes  of  disinfection, 
(r  the  maoganaae  may  be  precipitatoil  with  lime,  and  the  precipitate  calcined  and  used 
U  a  flux  in  blast  furnaces  in  smelting  iron 

^e  chief  dimdvantage  attending  the  use  of  maiigtinese  peroxide  arises  from  the 
diScolty  of  diipoaing  of  the  residual  liquor  from  the  stills.  This  cousins  of  a  solu- 
boD  of  mangHUDus  chloride,  ferric  chloride,  and  hydrochloric  acid,  and  being  of  a 
mions  and  destructive  natnr«,  it  cannot  be  run  into  water-courses.  Many  attempts 
ItSTS  therefore  been  made  to  convert  the  manganese  it  contains  into  peroxide  that 
(D^  bs  again  available  for  producing  chlorine. 

Dxnlop't  iVoMM.— Consists  in  treating  the  liqnor  with  calcium  cwbonate  in  the 
latd,  ■>  aa  to  precipitate  the  iron.  After  drawing  off  the  liquor,  the  manganese  is  pre- 
(ipitated  in  the  form  of  manganous  carbonate  by  treatment  with  calcium  carbonate 
radar  a  steam  pressnn  of  two  atmospheres.  The  precipitated  mangnaous  carbonate 
W  wiibsd,  dried,  and  calcined  in  roas^ng  furnaces,  until  carbonic  ncid  is  driven  off, 
tad  it  i*  ctinTrtled  by  oxidation  into  peroxide,  which  is  again  available  for  use  in  the 
pnpiiBtion  of  fresh  quantities  of  chlorine, 

Gattg't  fVocsti  -Consists  in  evsponiting  the  liqnor  to  dryness  with  sodium  nitrate 
ud  iCiotwly  heating  the  residne  ;  b^  this  means  nitrous  gases  are  evolved,  which  ore 
Med  in  the  preparation  of  sulphuric  .icid,  while  manganese  peroxide  and  sodium 
dikirida  rsmaia  behind.  The  sodium  chloride  is  then  either  washed  out  from  this 
luxtare,  or  the  mixinro  is  used  direct  for  prpparing  chlorine. 

^Jmann't  iVoceM— Consists  in  precipitating  the  manganusu  with  the  liquor  ob- 
Uiasd  by  lixiviating  soda  waste ;  the  precipitate,  consisting  of  manganese  sulphide. 
Miliar,  and  a  small  quantity  of  manganous  oxide,  is  then  decanted  off.  dried  and 
maol  The  nilphurous  oxide  formed  in  this  operation  is  conducted  into  vitriol 
'le  reaidne  in  the  roasting  ovens,  consisting  of  manganous  sulphate  and 
iiide  and  peroxide,  is  mixed  with  Chili  saltpetre  and  heated  to  300°;  by 
tlus  asans  sodinm  sulphate  and  manganese  peroxide  are  farmed,  and  thenittogan  per- 
oxide giren  off  is  passed  into  vitriol  chambers.  The  sodium  sulphate  is  dissolved  out 
wd  Ointod  for  soda,  and  the  residue  is  used  again  fcr  preparing  chlorine. 

WMon't  Jfrfjiixf— Consiite  in  precipiteting  the  manganese  as  protoxide  by  motDs 
of  lima  and  oxidising  it  bypassing  air  through  tlie  mixture  ;  a  compound  is  thns  formed 

'  '  '  I  about  70  per  cent,  of  manganese  peroxide.  The  precipitate  is  allowed  to 
.  is  oaed  with  hydrochloric  acid  for  a  further  development  of  chlorine.  The 
t  peroxida  as   regenentted  by  Weldon's  process  lias  the  adrantago  over 


d4ufu 
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natural  manganeee  that  it  is  more  easily  and  completely  attacked  by  hydroohlorie 
acid. 

Weldon's  method  is  now  almost  aniTersally  adopted  in  chemical  vorim  wfaeie 
chlorine  is  prepared.  The  first  stop  is  to  separate  the  iron  present  as  ferric  chUxridt 
by  adding  to  the  hot  liquor  run  off  from  the  stills  crushed  limestone  suflScient  to 
neutralise  free  hydrochloric  acid  and  convert  the  iron  salt  into  ferric  oxide,  fay  a 
decomposition  which  takes  place  according  to  the  following  equation : 

FcjCl,  +    3CaC0,     «     Fe,0,  +   3CaGl,  +   300^ 


After  the  precipitated  ferric  oxide  has  subsided,  the  dear  liquor  containing 
ganous  chloride  MnCl,,  together  with  the  calcium  chloride  formed  by  the  neutrabsation 
of  the  hydrochloric  acid  and  the  decomposition  of  ferric  chloride,  is  run  while  still  hot 
into  tall  cylindrical  ygsscIs  fitted  with  pipes,  through  which  a  current  of  air  can  be 
forced  into  the  liquor  from  a  blowing  engine^  If  the  temperature  of  the  liauor  hai 
fiiUon  below  60°,  steam  is  blown  in  to  raise  it  to  that  degree ;  air  is  then  fofced  in,  and 
caustic  lime  mixed  with  water  in  a  fine  state  of  suspension  rapidly  added  in  qoantity 
oi|ual  to  1*63  times  the  weight  of  the  manganese  in  the  liquor,  by  which  means  thfi 
manganous  chloride  is  converted  into  a  white  precipitate  of  mangai:ous  ozide^  aooad- 
ing  to  the  following  equation : 

MnCl,  -f   CaO     -     MnO  +  CaOl, 
126  56  71  111 

Rather  more  than  one  third  of  the  lime  added  remains  mixed  with  the  precipitated 
manganous  oxide  or  dissolved  in  the  hot  solution  of  calcium  chloride  and  oommunies- 
ting  to  the  liquor  a  strong  alkaline  reaction.  The  precipitate  gradually  becomes 
darker,  and  after  air  has  been  blown  into  the  mixture  for  some  time  it  acquires  a  bUdc 
colour,  owing  to  the  conversion  of  the  manganous  oxide  into  peroxide  by  tne  absorptioB 
of  oxygen  from  the  air  iBJected.  Meanwhile  the  alkaline  reaction  of  the  liquor 
diminishes,  and  at  length  entirely  disappears  when  the  absorption  of  oxygen  csaaee. 
A  little  more  of  the  liquor  containing  manganous  chloride  is  then  run  in,  and  after 
continuing  the  injection  of  air  a  few  minutes  longer,  the  contents  of  the  vessel  are  mn 
into  a  sotUing  tank,  where  the  manganese  peroxide  is  deposited  as  a  black  mud,  from 
which  the  clear  solution  of  calcium  chloride  is  drawn  off. 

The  manganese  peroxide  thus  obtained  being  in  a  very  fine  state  of  division,  is 
acted  upon  by  hydrochloric  acid  much  more  readUy  than  the  native  peroxide,  which  is 
sometimes  extromely  compact  and  hard,  and  therofore,  instead  of  adding  hydrodilorie 
acid  to  a  charge  of  the  recovered  manganese  peroxide,  the  stills  aro  charged  with  hydro- 
chloric acid  and  the  moist  precipitate  is  gradually  run  into  the  acid  through  openings  in 
the  covers  of  the  stills. 

The  result  obtained  by  this  method  differs  in  a  very  important  particular  from  that 
produced  by  the  oxidation  of  manganous  oxide  by  exposure  to  atmospheric  air.  In 
the  latter  case  the  final  product  is  not  peroxide  MnO,,  but  manganic  ozide  Mn,0„  and 
moreover  the  conversion  takes  place  very  much  more  slowly  than  in  the  operation  just 
described,  the  ultimate  result  being  just  the  same  as  if  only  one  half  of  the  manganous 
oxide  operated  upon  woro  converted  into  MnOj.  intismuch  as  Mn,0,  »  MnO^  +  MnO. 
Mr.  Wcldon  considers  that  this  is  due  to  the  fact  that  MnO,  acts  the  part  of  an  acid 
oxi(l<>  like  carbonic  dioxide  and  combines  with  basic  oxides,  forming  salts  analogous  to 
the  carbonates.  Hence  in  the  oxidation  of  manganous  oxide,  in  the  absence  of  other 
basic  oxides,  the  peroxide  formed  combines  with  an  equivalent  of  manganous  oxide, 
forming  Mn^O,  and  then  the  action  stops.  But  when  another  basic  oxide  is  present, 
such  as  lime  or  potash,  the  manganese  peroxide  formed  combines  with  this  oxide. 
forming  CaMnO,,  and  the  whole  of  the  manganous  oxide  is  converted  into  peroxide. 
The  presence  of  a  basic  oxide  for  the  purpose  appears  thereforo  to  be  an  essential  con- 
dition of  success  in  this  operation,  and  it  is  for  this  reason  that  the  excess  of  lime  is 
added  in  procipitiiting  the  manganous  oxide.  The  moro  intimate  the  mixture  of  the 
manganous  oxide  with  the  basic  oxide  that  serves  this  purpose,  the  moro  readily  does 
the  absorption  of  oxygen  take  place.  For  this  reason  the  effect  is  produced  mors 
rapidly  in  the  presence  of  soda  or  potash,  on  account  of  their  solubility;  but  fortunately 
the  solubility  of  lime,  in  the  hot  solution  of  calcium  chloride  with  which  the  manganons 
oxide  is  mixed  in  the  precipitated  liquor,  is  sufficient  to  ensure  the  practicability  of  this 
method  of  preparing  manganese  peroxide.  The  rapidity  of  the  process  may  be  judged 
of  from  Mr.  Wcldoii^s  statement,  that  as  much  as  two  hundredweight  of  oxygen  per 
hour  may  bo  thus  absorbed  from  atmospheric  air,  and  solidified  in  the  condition  oi 
manganese  peroxide. 

In  the  product  actually  obtained  on  the  largo  scale,  water  appears  to  some  extent 
to  act  the  part  of  tlic  base  with  which  the  mangiincse  ]>eroxido  is  combined,  and  ths 
ai'tion  tliat  takes  place  may  be  ropresented  by  the  following  equation  : 
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2MnO   +  H,0  +  C^O  +  20     »     CaH,2MiiO,  or  OaMnO,  +  H,MnO, 
and  this  product,  in  the  dry  state,  would  contain  70  per  cent,  manganese  peroxide. 

Vses* — Chlorine  is  principally  nsed  for  bleaching  substances  made  from  vegetable 
flbres,  such  as  cotton  and  linen,  also  in  paper  manufactories  for  removing  the  colour- 
iog  matters  ftam  dyed  or  stained  stuffs ;  also  in  preparing  potassium  chlorate  and  the 
durable  aluminum  and  sodium  chloride,  and  in  the  manufacture  of  aluminum,  in  pre- 
paring iodine,  chloroform,  red  prussiate,  for  the  extraction  of  gold,  and  for  disinfecting 
porpons.  It  is  also  much  used  as  a  reagent  in  chemical  laboratories.  Greater  part 
of  the  chlorine  produced  in  chemical  workis  is  converted  into  a  portable  state  bybnng- 
ing  the  gas  in  contact  with  hydrate  of  lime,  which  absorbs  it  in  large  amount,  forming 
vhat  18  termed  bleaching  powder. 

In  the  same  way  that  dilorine  destroys  organic  colouring  matters,  so  does  it  act 
ipon  bad-smelling  gases  and  miasmas,  whence  its  use  as  a  disinfectant. 

Chlorine  gas  is  very  suitable  for  disinfecting  large  chambers,  and  for  this  purpose 
it  may  be  prepared  on  the  spot  by  warming  a  mixture  of  manganese  with  concentrated 
hydrochloric  add  in  an  earthen  pan. 


lorine  combines  with  most  other  elementary  substances,  forming 
nbitaiices which  are  termed  chlorides.  The  chlorides  of  monatomic  metals  contain 
aqoal  atomic  Tnroi>ortions  of  chlorine  and  metal,  and  correspond  to  hydrogen  chloride 
or  hydrochloric  acid.  The  chlorides  of  polyatomic  elements  contain  two,  three, 
four,  five,  or  more  atomic  proportions  of  chlorine,  according  to  the  atomicity  of  the 
futkolar  elementary  substances  with  which  it  is  combined.  These  are  distinguished 
a  the  same  way  as  oxides  by  adding  to  the  name  of  the  elementary  substance  they 
cmtainin  common  the  terminations  ous  and  ic,  as  ferrous  chloride  and  ferric  chloride. 
Iks  formulas  in  the  following  table  represent  the  composition  of  the  moro  important 
diloridaa  of  the  elementary  substances : 

Hydrogen  HCl 

Sodium  NaCl 

FotMsivm  ECl 

SQTer         AgS\  AgCl 

CUdom  CaCl, 

Strontium 

Bannm 

Wagnwrinm 

Ziae 

Copper  Cu,Cl, 

MsRimr  HgjCl, 

Lead 

KaqgADese 

Iron 

Nidel 

Cobalt 

Chrooium 

Umtum 

Alnminum 

ftOjidinm 

FlatiDum 

Tin 

BiflButli 

Aatnnony 

Aiisiiic 

Pho^homs 

Ritn|*en 

Banm 

lodiDc 

Gold  AuCi 

Tongstf-n 

Mdiybdenam 

Talluriam 

Solphur  S,C1, 

filieoo 

OvboB  c,a. 

How  osidef  of  chlorine  are  known ;  the  monoxide  Clfl  or  hypochlorous  oxide» 


BtCL 
BaCl, 

MgCl, 

ZnCl, 

CuCL 
HgCi; 

PbCL 
MnCl, 

Mn,Cl,  MnCl. 

Feci, 

Fe,Cl, 

NiCl, 

CoCl, 

Co,Cl. 

CrCL 

Cr,a, 

UCl, 

A1,C1, 

PdCL, 

PdCl, 

PtCI, 

PtCl, 

SnCl, 

SnCl, 

BiCl, 

BiCl, 

SbCl, 

AsCl, 

PCI, 

NCI, 

BCl, 

ICl, 

AuCI, 

ICi, 

SbCl, 
PCI, 

WCl, 

WCI4 

WCl, 

WCl, 

MoCl, 

M0CI4 

w 

« 

SCI.  (?) 

TiCl, 

Ti,Cl. 

SiCI, 

C,C1 

.CCI. 

C,CL 

168  CHLORINE. 

the  trioxMe  01,0,  or  cbloroas  oxido.  and  the  tetroxide  C1,0|,  the  first  two  forming 
haline  compounds  with  waiter  and  bajjic  oxides,  known  as  hypochlorites  and 
chloritcH,  the  respct.*tir6  hvilrogc-n  stilts  I^ing  hypochlorons  acid  HOlO  and 
chlorous  acid  HCIO,.  Two  other  oxides  are  known  only  in  combinatioii  with 
hydrogen  and  metals  as  chlorates  and  pcrchlorates,  the  hydrogen  salts  being 
chloric  acid  HOlO,  and  perchloric  acid  H010|.  The  relations  of  these  oaades 
to  each  other  and  to  their  hydro;^en  salts  are  shown  in  the  following  table : 


Hypochloroub  oxide 

OLO 

+ 

H,0 

=     2HC10 

Hypochlorons  acid 

Ohlorous  oxid< 

ci;o. 

+ 

H,0 

-     2H010, 

Chlorous  add 

Ohlorine  totroxido 

CLO, 

Ohloric  oxido  ? 

01,0, 

+ 

H,0 

=     2H010, 

Chloric  acid 

Perchloric  oxide  ? 

01,0, 

+ 

H,0 

=     2HCIO4 

Perchloric  add 

The  hypochlorites  are  soluble  in  water,  and  readily  undergo  deconqioeition,  ofoLtii^ 
oxygen ;  Uio  .solutions  oxidi»c  many  substances,  and  have  the  power  of  bleaching;  when 
solnti'ins  of  hypochlorites  art?  heated  to  boiling  these  salts  are  oonTsrted  into  chlomta 
and  chloride,  according  to  the  following  equation  : 

3K010     =     KOlO,  +   2KC1. 

Thf'se  salts  arc  the  essential  constituents  of  the  bleaching  preparations  made  by 
saturating  alkaline  solutions  or  lime  hydrate  with  chlorine. 

The  alk;iline  hypochlorites  are  only  knowu  in  solution ;  any  attempt  to  STaponts 
these  solutions  causint^  dccrjniposition.  These  solutions  are  colourless  when  pare,  bat 
more  generally  they  have  a  yell-  w  colour,  due  to  the  ])reseuce  of  free  hypochlozoos 
acid :  they  evolrr  an  odour  of  this  acid,  and  are  used  for  purposes  of  bleaching  and 
disinfecting.  The  solution  of  potassium  hyjxK'hlorito  is  known  under  the  name  of 
oau  do  Javelle;  that  of  sodium  hypochlorite  under  the  name  of  ean  de 
LabHrraque;  and  the  calcium  compound,  either  combined  or  mixed  with  ealdom 
chloride,  is  known  as  chlorinated  lime  or  bleaching  powder  (see  ' Bleeohing 
Preparations '). 

JTypocblorous  acid  is  a  yellowish  volatile  liquid,  having  an  acrid  taste  and  a  sweetish 
odour.  In  a  concentrated  state  it  decomposes  rapidly,  and  even  the  dilute  add  is 
decomposed  by  heat  into  chloric  add,  chlorine,  oxygen  and  water ;  it  is  a  powerful 
bleaching  and  oxidising  agent. 

Hypochlorons  acid  or  an  acidified  solution  of  a  hypochlorite  reacts  with  chlorides 
and  liberates  chlorine  from  both,  according  to  the  equation : 

Kao  +  2Ha   =   Ka  +  h,o  +  201. 

The  chlorites  are  soluble  salts  having  bleaching  properties,  but  they  hare  no 
industrial  significance. 

The  chlorates  are  also  soluble  salts  of  greater  stability  than  chlorates  or  hypo- 
chlorites, but  they  have  no  bleaching  power.  At  a  high  temperature  chlorates  an 
decomposed,  generally  with  evr)Iution  of  oxygon  and  formation  of  perchlorate,  some- 
times also  witti  evolution  of  chlorine ;  they  are  therefore  powerftd  oxidising  agents^  And 
when  mixed  with  carbonaceous  substances,  sulphur,  etc.,  give  rise  to  violent  explosion 
on  the  application  of  hout  or  oven  by  rubbing  the  mixtun.>8.  Ohloric  acid  is  a  coUnv- 
less  syrupy  liquid,  having  a  strong  acid  roabtion,  and  when  warm  a  pungent  odoar 
rosombling  that  of  chlorine.  It  is  a  powerful  oxidising  and  bleaching  agent»  and 
<lecomposo8  when  heatedj  with  evolution  of  oxygen  and  chlorine  and  formation  of  per- 
chloric acid. 

The  perchlorates  are  of  little  importance  industrially;  they  are  mostly  soluble  in 
water — the  potassium  salt  only  sparingly — and  are  niorestablo  than  any  of  the  previously 
mentioned  salts  of  chlorine  oxides.     The  acid  is  a  colourless  volatile  liquid  that  oxidisaf 
carbonaceous  substances  with  violent  explosion,  but  does  not  bleach  ;  it  is  very  oonnistf* 
and  forms  a  czystallisable  hydrate. 


BLEACHING  PREPARATIONS. 

The  power  which  clildrino  possesses  of  destroying  vegetJible  colours  was  obserfod 
by  Borthollet  very  soon  after  tne  discovery  of  this  substanee  by  Schcele,  and  attempt! 
wore  made  to  apply  it  in  bleaching  linen.  It  was  soon  found  that  chlorine  could  be 
most  conveniently  used  for  this  purpase  when  dissolved  in  an  alkaline  solution ;  sod  in 
1799  the  use  of  dry  hydrate  of  lime  in  place  of  solution  of  potish  or  milk  of  lime  wasintiD* 
duced  by  Hftadntosh'for  preparing  bleaching  powder  or  chlorinated  lime.  Tha 
exact  chemical  nature  of  this  material  is  somewhat  unccrUiin,  but  it  may  l>e  regarded 
as  consisting  essentially  of  a  compouni  or  a  mixturo  of  calcium  hypochlorite  with  eil- 
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cran  chloride.    It  is  formed  by  the  actioD  of  chlorine  upon  lime,  which,  for  this  pnr- 

Cmost  be  employed  either  as  solid  hydrate  or  in  the  condition  known  as  milk  of 
The  chemical  change  which  takes  place  is  represented  by  the  following  equation : 

2CaH,08  +   4C1  -  CaCl,  +  2H,0  +   CaCljOj. 

Hoverer,  chlorinated  lime  has  never  a  composition  exactly  like  that  shown  in  the 
above  eqiiation,  corresponding  to  49  per  cent,  of  chlorine,  but  always  contains  water 
and  an  excess  of  hydrate  of  lime,  which  is  necessary  for  preventing  its  too  quick 
dfleompositioiL    The  actual  «mount  of  chlorine  seldom  exceeds  85  per  cent. 

The  solutions  of  alkaline  hypochlorites  are  prepared  by  passing  chlorine  gas  from 
geoeratorB  of  the  form  shown  in  fig.  103  into  carboys  containing  a  solution  of  sodium 
eufaooate  or  potassium  carbonate  in  tcom  6  to  10  parts  of  water.  The  introduction  of 
chkrine  is  attended  with  evolution  of  carbonic  acid  gas,  the  reaction  being  represented 
hj  the  equation : 

KjCO,   +   2C1  =  KCIO   +   KCl  +  CO,. 

The  (^eration  should  be  stopped  before  all  the  carbonic  acid  has  been  driven  off, 
and  it  is  necessary  that  at  the  end  of  the  reaction  about  6  per  cent,  of  alkaline 
caiiioDste  should  remain  undecomposed,  or  rather  in  the  state  of  acid  carbonate. 

The  alkaline  hypochlorites  are  sometimes  prepared  with  bleaching  powder,  by 
■ixiog  solutions  of  20  parts  of  crystallised  soda,  or  12  parts  of  potash,  in  100  parts  of 
viter,  with  a  filtered  solution  of  10  parts  of  strong  chlorinated  lime.  By  the  reaction 
ofcaldimi  hypochlorite  with  the  alkaline  carbonates,  insoluble  calcium  carbonate  is 
pneipitated,  and  the  alkaline  hypochlorites  remain  in  the  solution  which  is  then 
raited  from  the  insoluble  calcium  carbonate. 

Okaraeters* — Chlorinated  lime  or  bleaching  powder  is  a  white  and  somewhat 
■It  powder,  which,  when  left  to  itself,  undergoes  gradual  decomposition.  Properly 
pnpand,  it  ought  not  to  lose  more  than  3  or  4  per  cent,  of  chlorine  in  the  course  of 
ayvar.  When  chlorinated  lime  is  treated  with  acids^  chlorine  is  evolved,  as  shown 
I7  ^  following  equations,  and  the  decomposition  takes  place  in  two  consecutive 
*^gtt,  hypochloroas  add  being  formed  in  the  first  instance : 

*OaCl,0,  +  H,S04  -  CaS04  +  2HaO, 

ud  when  soiBcient  excess  of  hydrochloric  acid  is  present  both  substances  are  resolved 
iato  witer  and  chlorine,  HCIO  +  HCl  =  Kfi  +  2C1.  The  application  of  a  strong  heat  to 
dilvioated  lime  causes  decomposition  of  the  calcium  hypochlorite  into  oxygen  and 
c^laoa  chloride  (CaCl^O^s  CaCl,  +  20) ;  oxygen  is  also  evolved  frt)m  chlorinated  lime 
*hso  a  solution  in  water  is  mixed  with  hydrated  oxides,  such  as  hydrated  ferric  iron 
arcopnc  oxide.  Sunlight  also  exerts  a  deoomposing  influence  upon  bleaching  powder, 
ud  in  manu&ctories  where  it  is  produced  it  is  at  once  packed  into  casks.  £ven  then 
P**>diiD^  powder  undergoes  decomposition,  and  might  give  rise  to  dangerous  explosions 
''padad  in  a  close  vessel. 

h  preparing  solid  chlorinated  lime  the  purest  lime  is  chosen,  and  especial  care  is 
^^  toat  it  does  not  contain  iron,  which  would  render  the  bleaching  powder  dirty  in 
^^^1  or  magnesia,  which  would  render  it  too  hygroscopic,  owing  to  the  formation  of 
"■^Soaniim  chloride. 

AiiiR^  (if  th§  lAme. — This  operation  is  performed  either  by  spreading  out  pieces 
of  Him  and  sprinkling  them  with  water  until  they  have  crumbled  away  into  a  fine 
P^'vder,  or  tlie  pieces  are  held  in  a  sieve  in  water  until  they  show  signs  of  energetic 
^'i|>ihi]iation  taking  place.  The  slaked  mass  is  then  spread  out,  sprinkled  once  or  twice 
*ith  sooie  water,  and  made  up  into  a  layer  \\  in.  in  height,  in  which  condition  it 
1  allowed  to  lie  for  some  days  and  then  sifted.  The  product  obtuned  by  this  operation 
*W  propeirij  prepared  contains  between  6  and  12  per  cent  of  moisture. 

Ai$oiytum  of  the  Chlorine, — ^The  arrangement  shown  in  fig.  102  from  b  to  c  is 
^  often  used  for  this  purpose.  It  consists  of  a  rectangular  chamber,  about  13  feet 
kt^  a^  foet  wide,  2  feet  high.  The  sides  are  formed  either  of  sandstone  plates,  or  of 
iiui  plates  covered  with  bitumen,  sometimes  of  well-tarred  wood  or  of  slates,  or  thick 
trick wwk  arched  over.    At  the  .^ 

Wnaee  of  the  chamber  is  a         V  v^^^'  \ 

iiad   of   gutter   running  in   a         K^M^L^.^  ^ 

dJMonal    direction,  serving   to         fe^|gp5»W  ^ 

eoUiet   mod  nm  off  condensed         ag»       ^         

lid  prodnets.    At  the  opposite       j^^jjjgg^^s^^*^^    ,  ,  |  ^   ■ 


if  a  door  (h),  and  on  the  «      .^^ 

iQof  of  the  chamber  a  safety  ^^°'  ^*'^* 

filfe  (/*)•     S1>1^  ^^^  ^  ^"®  powder  is  strewn  upon  the  floor  of  the  chamber, 
be  perf«^7  even,  a  layer  being  formed  about  6  or  8  inches  in  thickness. 
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The  charging  Ib  effected  either  through  holes  at  the  sides  of  the  chamber,  that  can  be 
hermetically  closed,  or  by  moans  of  a  small  truck  of  sheet  iron  (fig.  106,  k),  holding 
enough  to  cover  an  area  of  3^  feet,  and  fitted  with  a  sliding  bottom.  This  tmdL  ii 
pushed  in  as  fiir  as  the  gutter  at  the  end  opposite  to  the  door  (h),  and  the  bottom  a( 

the  truck  is  then  drawn  away,  leaving  the  duurge  a( 

lime  behind.    The  opening  at  h  is  then  dosed,  the  lid 

fitted  on  air-tight,  and  chlorine  is  passed  into  khi 

chamber  either  through  the  five  openings  (O  fig*  106)i 

or  through  a  wide  tube  fitted  into  the  corar  of  tlu 

chamber.    Chambers  in  which  the  lime  is  spread  upon 

Fiu.  106.  tables  or  hurdles  have  of  late  fallen  into  disnse,  nnee  il 

has  been  found  that  the  chlorine  acts  quite  as  well  when  the  lime  is  ffimplj  ipnid 

upon  the  fioor.    The  dimensions  of  these  chambers  are  sometimes  much  larger. 

Method  of  Conducting  the  Process, — Chlorine  is  passed  into  the  chambers  Tory 
slowly  during  the  first  18  or  20  hours,  as  the  reaction  causes  a  considerable  rise  oi 
temperature,  and  when  t^e  temperature  rises  above  90°,  the  caldum  hypochlorite  ii 
decomposed  into  calcium  chlorate  and  chloride.  It  is  not  usual  to  allow  the  tempeim- 
ture  to  rise  above  25°.  The  completion  of  the  process  may  be  ascertained  either  by 
examining  the  gas  escaping  from  the  valve  (/),  which  must  bleach  blue  litmna  paper, 
or  from  3ie  amount  of  chlorine  generated,  wnich  may  be  judged  of  by  the  quantity 
of  materials  used.  The  longer  the  chlorine  is  allowed  to  react  the  more  dowly 
is  it  absorbed:  but  it  is  never  passed  in  until  no  further  absorption  takes  places 
for  in  that  case  the  bleaching  powder  would  be  fiir  too  rich  in  chlorine,  and  very  liahlc 
to  decomposition.  The  proper  amount  of  chlorine  in  bleaching  powder  is  horn  88  to 
35  per  cent. 

In  an  apparatus  of  the  above  kind  it  is  possible,  with  a  superficial  area  of  about 
44  square  feet,  to  convert  300  lbs.  of  lime  in  24  hours  into  440  lbs.  of  chlorinated 
lime ;  so  that  a  manu&ctory  fiirnishod  with  20  separate  sets  of  apparatus  can  pzodvec 
evenr  24  hours  about  4  tons  of  bleacliing  powder. 

In  preparing  liquid  chlorinated  lime,  chlorine  is  passed  into  milk  of  lime  contained 
in  sandstone  tanks,  closed  above  air-tight  with  boards  so  as  to  prevent  the  esot^  ol 
gas.  The  gas  is  simply  passed  to  the  surface  of  the  liquid,  which  is  oonUnnallj 
stirred  by  a  special  contrivance. 

(>av-Lu8sac's  method  of  determining  the  percentage  of  dilorine  in  chloride  of  Urns 
depends  first  upon  the  oxidising  action  of  chlorine  in  presence  of  water  upon  aiwnou 
add,  and  the  fi^rmation  of  arsenic  acid  according  to  the  equation : 

ASjO,  +  4C1  +  2H2O  =  As,0,  +  4HC1; 
108         142  230 

and,  secondly,  upon  the  fact  that  a  mere  trace  of  free  chlorine  suffices  to  decolorise  tinetoxf 
of  indigi/. 

From  the  above  equation  it  will  be  seen  that  one  molecule  of  arsonons  add 
requires  four  atomic  proportions  of  chlorine  for  its  conversion  into  arsenic  add. 
When  therefore  a  solution  containing  a  known  quantity  of  arsenous  acid  is  ndzed 
with  a  solution  of  bleaching  powder,  until  all  tlio  arsenous  acid  is  converted  into 
arsenic  acid,  the  amount  of  active  chlorine  contained  in  the  bleaching  powder  may  be 
calculated  from  the  quantity  of  bleaching  powder  required.  The  point  of  complete 
oxidation  of  the  arsenous  acid  is  ascertained  hj  adding  to  the  solution  of  anenoni 
add  a  small  quantity  of  a  solution  of  indigo,  which  is  decolorised  the  moment  all  the 
arsenous  acid  is  oxidised. 

The  arsenous  acid  solution  is  prepared  for  this  purpose  by  dissolving  18*94  gras. 
of  pure  arsenous  acid  in  a  small  quantity  of  caustic  potash  solution,  acidulating  the 
solution  with  hydrochloric  acid,  and  diluting  with  water  to  one  litre.  1  cc.  of  thii 
solution  then  contains  0*01 394  grm.  of  arsenous  add,  which  corresponds  to  0*01  gim.  of 
chlorine. 

The  operation  is  conducted  as  follows :  10  grms.  of  the  sample  are  tritoiated  in  i 

porcelain  mortar  with  distilled  water,  the  solution  de* 
canted  off  and  the  operation  repeated  with  fresh  quan- 
tities of  water  several  times.  The  decanted  portions  of 
the  liquid  are  then  collected  in  a  litre  flask  (a,  fig.  loA 
fhrnisned  with  an  accurately  fitting  stopper,  the  ^it 
filled  up  to  tlic  mark  with  water  and  its  contents  shakiD 
up.  The  next  step  is  to  place  10  cc.  of  the  solution  of 
arsenous  acid  (corresponding  to  0*1394  grm.  of  AbJO^  or 
Pm   1A7  r.«   1AQ      ^'^  S^^'  CI)  in  a  glass  vessd  (n,  fig.  108).    The  anenoui 

rio.  1U7.  l?io.  108.    ^^  solution  is  kept  in  a  bottle  (c,  fig.  110),  fitted  withs 

pipette  (d),  by  means  of  which  it  can  be  measured  out.    The  arsenous  add  'mltttiMi  in 
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the  reml  (b)  is  dilated  with  ten  times  its  volume  of  distilled  ivater,  and  a  single  drop 

of  tiDctoie  of  indigo  added.    The  solution  of  blcachirig  powder  prepared  in  the  way 

•bore  described  is  again  shaken  np  and  a  portion  drawn 

off  into  the  biurette  (■,  fig.  109),  which  holds  £rom  50— 

100  e^,  and  is  divided  into  divisions  of  ^  c.c.    This 

loliition  of  bleaching  powder  is  then  allowed  to  drop  from       ..   , 

tlM  burette  into  the  solution  of  arsenous  acid  until  the       ||  \ 

iadl^o  begins  to  decolorise,  the  operation  being  aided  by 

eootunial  rtining  with  a  glass  rod. 

Sopposing  that  30  cc.  of  such  a  solution  of  bleaching 
powder  be  required  for  the  complete  oxidation  to  arsenic 
acid  of  the  '1894  grm.  of  arsenous  acid  contained  in  10 
celne  eentimetras  of  the  arsenous  add  solution  ;  this 
QUDtity  requires  for  its  oxidation  0*1  grm.  of  chlorine  ; 

ufl  SO  ce.  bleaching  powder  solution  would  represent      ^f|  Fio.  110. 

^90  gno.  of  solid  cUorinated  lime,  and  accordingly  the 
>BOBiit  of  active  chlorine  would  be  33*38  per  cent. : 

0-30    :    0*1   »   100    •    x:  f  «   38*33. 


f 
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Besot  and  Mohr*s  method  consists  in  treating  a  measured  volume  of  the  bleaching 
po«d«  solution  with  a  known  quantity  of  an  alkaline  solution  of  sodium  arsenite  in 
OBMi;  the  arsenous  acid  remaining  unaltered  is  determined  by  adding  to  the  liquid 
I  nail  quanti^  of  starch-paste,  and  titrating  with  a  solution  of  iodine  of  known 
^Nigtk  until  tne  Uue  coloration  of  the  standi  by  iodine  takes  place.    This  cannot 
ottir  until  the  whole  of  the  arsenous  acid  present  has  been  converted  into  arsenic 
•od.  In  carrying  out  this  test  the  following  liquids  are  required : — 
1.  A  solution  of  bleaching  powder  prepared  in  the  way  above  described. 
1  A  solution  of  arsenous  acid  (sodium  arsenite).    In  preparing  this,  4*436  grms. 
tf  Toy  piue  arsenous  acid  is  dissolved  in  water  containing  25  grms.  of  crystallised 
*dhiii  carbonate,  and  then  diluted  to  the  volume  of  1  litre.     1  cc.  of  this  solution 
QBtuu  0*004486  grm.  of  arsenous  acid  and  represents  1  cc.  of  chlorine  gas.    This 
■ihtiQD  of  sodium  arsenite  requires  to  bo  kept  in  small,  well-closed  bottles,  which 
ovgiit  to  be  quite  full,  so  as  to  prevent  the  formation  of  sodium  arsenate  by  oxidation. 
t  Iodine  Solution.    This  is  prepared  by  dissolving  11*38  grms.  of  dry  iodine  in 
tiasll  a  quantity  as  possible  of  potassium  iodide,  the  solution  being  maide  up  to  a 
^  lith  distilled  water.    Since  iodine  in  the  presence  of  water  oxidises  arsenous 
*oA  jut  like  chlorine,  4  atomic  proportions  of  iodine  correspond  to  1  molecule  of 
^■lioiiiadd,  or,  in  other  words,  4*436  grms.  of  arsenous  acid  corresponds  to  11*38 
PatiOl  iodine  (198  :  508  »  4*436  :  11*38);  or,  1  cc  of  the  solution  of  sodium  arsenite 
'V'MpQiids  to  1  cc.  of  the  solution  of  iodine.    On  testing  the  solution  of  iodine,  10 
'f  of  the  solution  of  sodium  arsenite  are  measured  into  a  beaker  by  means  of  a  pipette, 
*i>0dvith  some  starch  paste,  then  diluted  with  water,  and  solution  of  iodine  added  in 
^thv  iuffident  to  cause  blue  coloration.     10  cc.  of  solution  of  iodine  ought  to  be 
f^^iino,  and  should  this  not  be  the  case,  the  corresponding  correction  must  be  made 
a  tU  Ibal  calculation  of  results. 
i  Starch  Paste.    This  ought  to  be  very  dilute,  and  freshly  prepared. 
The  re-Agents  being  prepared  in  the  way  above  described,  the  process  of  testing  is 
JJ^^veted  in  the  following  manner.    50  cc.  of  the  solution  of  bleaching  powder  are 
^VB  off  froflii  a  pipette  into  a  beaker  glass  ;  an  excess  of  sodium  arsenite  solution  is 
^dded,  IS  well  as  a  small  quantity  of  starch  paste,  and  solution  of  iodine  is  then  dropped 
^  t^e  mixture  until  a  blue  coloration  sets  in.    The  number  of  cc.  of  iodine  solution 
*|*d  if  then  deducted  from  the  number  of  cc.  of  sodium  arsenite  taken,  the  difference 
nu(g  the  number  of  cc  of  sodium  arsenite  oxidised  by  the  bleaching  powder.    Sup- 
POBflg  the  difEerenoe  found  to  be  45  cc,  this  would  correspond  to  45  c.c  of  chlorine, 
"i^tt  1  cc  of  the  solution  of  sodium  arsenite  corretiponds  to  1  c.c  of  chlorine.    The 
McLCL  of  bleaching  powder  solution  representing  '5  grm.  of  solid  chloride  of  lime,  there- 
fBn^coaUins  45  cc.  of  active  chlorine.    Accordingly  1000  grms.  or  1  kilo  of  bleach- 
<% powder  contains  90,000  cc  or  90  litres  of  chlorine  gas;  i.e.  the  bleaching  powder 
ivvt  a  strength  of  90°. 

Ths  cfalorometrical  degrees  represent  the  number  of  litres  of  chlorine  contained  in 

1  Uo  of  bleaching  powder.    By  multiplying  the  chlorometrical  degrees  by  3*178  (the 

*i|i|ht  of  1  litre  of  chlorine  gas  in  grammes)  and  dividing  by  10,  the  per-centage  by 

•■{pit  is  obtained.   On  the  contrary,  the  chlorometrical  degrees  are  obtained  by  mvid- 

1^  tlie  ptzeentage  by  weight  by  0*3178. 

n$  msnginiMie  peroxide  that  is  used  in  the  production  of  chlorine  is  tested  in  a 
Ths  relative  value  of  a  sample  of  it  depends  upon  the  amount  of 
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peroxide  present,  or,  in  other  words,  upon  the  extent  to  whicli  the  material  in  capal 
of  liberating  chlorine  by  reaction  -with  hydrochloric  add.  Hence  tlio  yaluation  of  t 
manganese  peroxide  of  commerce  may  be  effected  by  determining  according  to  eitl 
of  the  foregoing  meth  ds  the  amount  of  chlorine  obtained  with  a  given  weight  of  1 
manganese.    (See  artido  '  Manganese.') 

Vses. — Chlorinated  lime  is  used  for  the  same  purposes  as  chlorine,  since  it  read 
eyolves  chlorine  gas  when  treated  with  dilate  acids,  and  firom  itf  portability  it  is  bet 
suited  for  some  purposes  than  chlorine  gas  prepared  directly.  It  is  on  this  aeon 
extensively  employed  in  the  bleaching  of  textile  fabrics  and  in  calico  printing,  etc 

Chlorinated  lime  is  also  much  employed  for  disinfecting  rooms,  which  an  eiU 
sprinkled  with  the  powder,  or  the  floors,  walls,  etc  are  washed  with  a  solution  of  ti 
disinfectant.  Pettebkofer  is  opposed  to  the  disinfection  of  priyies  with  chlorinal 
lime 


»KOOHX4>SZC   AOXB. 

FOBinJLA  HCl.      MOLBOVLAB  WUOHT  86*6. 

History.-- Basil  Valentine,  who  lived  in  the  fifteenth  century,  first  described  1 
preparation  of  pure  aqueous  hydrochloric  add.  Before  his  time  a  mixture  of  hjd 
chloric  acid  with  nitric  acid  had  been  known  under  the  name  of  aqua  regia,  its  p 
paration  having  been  described  by  the  Arabian  chemist  Geber  in  the  eighth  oenftit 
In  former  times  the  general  name  for  this  substance  was  spirit  of  salt^  a  nai 
which  is  not  quite  extinct  at  the  present  day.  Later,  it  received  the  name  of  mn: 
atic  acid,  and  it  is  now  generally  called  hydrochloric  add.  After  various  hypothei 
had  been  set  up  as  to  its  composition,  its  true  composition  was  discovered  l^  llavy 
1810. 

Ooevrronoe. — Hydrochloric  add  occurs  naturally  in  the  exhalations  of  voLeaiio 
and  thence  it  finds  its  way  into  streams  in  their  neighbourhood.  Besides  thif  it 
always  present  in  small  quantities  in  the  gastric  juice  of  animals. 

Oomposition. — Hydrochloric  acid  is  a  compound  of  hydrogen  with  85'5  times 
weight  of  chlorine.    In  the  gaseous  state  it  contains  half  its  volume  of  hydrpgen. 

cnuuraeters. — In  the  anhydrous  state  hydrochloric  acid  is  a  colourless  ns 
very  penetrating  order,  which  forms  a  thick  cloud  when  allowed  to  escape  into  the  s 
The  density  of  the  gas  relatively  to  hydrogen  is  18*26,  and  relativdy  to  air  it  hai 
specific  gravity  of  r256.  Under  a  pressure  of  30  to  40  atmospheres,  or  when  cooled 
—  50°,  at  the  normal  pressure,  it  condenses  to  a  colourless  liquid.  It  is  one  of  the  bm 
soluble  of  gases,  water  dissolving  at  0°,  and  under  the  normal  atmospheric  preesi 
500  times  its  volume  of  the  gas,  and  at  1 5°  475  times  its  volume.  When  water  satural 
with  hydrochloric  acid  gas  is  heated  to  the  boiling  point,  a  large  part  of  the  hjdi 
chloric  add  escapes ;  but  part  remains  as  a  solution,  containing  20  per  cent,  of  ac 
which  has  a  specific  gravity  of  1*10  ;  boils  at  110^,  and  distihi  over.  The  ordins 
liquid  hydrochloric  add  of  conunerce  is  a  solution  of  the  gas  in  water ;  and  six 
the  specific  gravity  of  this  solution  increases  in  proportion  to  the  amount  of  gas 
contains,  a  determination  of  the  specific  gravity  of  samples  of  commercial  add  aflbi 
an  excellent  means  of  ascertaining  their  strength. 

The  strength  of  hydrochloric  add  is  often  expressed  in  degrees  of  Banmi's  ' 
Twaddle's  hydrometer.    The  following  table  serves  for  ascertaining  the  strength 
samples  of  add  from  the  degrees  of  either  hydrometer : 


Degrees 

DegreoB 

Feroentage  of 
Hydroohlonc  add 

D^rees 

Degrees 

Percentage  of 
Hydnxdilono  aoi 

BaamA 

Twaddle 

Baum6 

Twaddle 

26 

42 

42*85 

14*5 

20 

20*20 

25 

40 

40-80 

12 

18 

18*18 

24 

88 

38*88 

11 

16 

1616 

28 

86 

36*36 

10 

14 

1414 

22 

84 

34*34 

9 

12 

12*12 

21 

82 

32*32 

8 

10 

10*10 

20 

30 

30-30 

0 

8 

808 

19 

28 

28*28 

5 

6 

6-06 

18 

26 

26*26 

3 

4 

4*04 

17 

24 

24*24 

2 

2 

2*02 

15-5 

22 

22*22 

- 
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Tfce  following  table  giree  the  contents  in  chlorine  and  hydrochloric  acid  gas  of 
uptom  solatioDB  of  hydrochloric  add. 


Add  of 
Wip.gr. 

Spedllo 

ObloTine 

Hydro- 
chloric acid 

Acid  of 
1-2  gp.  gr. 

Rpcwrlflo 
gravity 

Chlorine 

Hydro- 

ofalorioadd 

gas 

100 

1-2000 

39-676 

40*777 

50 

1*1000 

19*837 

20-388 

99 

11982 

39-278 

40-369 

49 

1-0980 

19-440 

19980 

98 

11964 

88-882 

39-961 

48 

10960 

19-044 

19-572 

97 

11946 

38486 

39-554 

47 

10939 

18647 

19-165 

96 

1-1928 

38089 

39*146 

46 

1-0919 

18-250 

18-787 

96 

11910 

37-692 

38*738 

45 

1-0899 

17*854 

18-359 

94 

11893 

37-296 

38-330 

44 

10879 

17-457 

17-941 

93 

11876 

36*900 

37-923 

43 

1*0859 

17*060 

17-534 

92 

11867 

36-603 

37*616 

42 

1*0838 

16-664 

17126 

91 

11846 

36107 

37-108 

41 

1*0818 

16-267 

16-718 

90 

11822 

36-707 

30-700 

40 

1-0798 

15870 

16-310 

89 

11802 

36*310 

36*292 

39 

10778 

15-474 

15*902 

88 

11782 

34*913 

35-884 

38 

1-0758 

15-077 

15-494 

87 

11 762 

34*617 

35-476 

37 

10738 

14-680 

15-087 

88 

11741 

34121 

36*068 

36 

10718 

14-284 

14-679 

85 

11721 

38*724 

84-660 

35 

1-0697 

13*887 

14-271 

84 

11701 

38*328 

84*262 

34 

10677 

13-490 

13*863 

83 

M681 

32*981 

38-845 

33 

10657 

13*094 

13-456 

83 

11661 

32*686 

38-437 

32 

1-0637 

12-697 

13-049 

81 

M641 

32*186 

83-029 

31 

1-0617 

12-300 

12-641 

80 

11620 

31*746 

82-621 

30 

1-0597 

11-903 

12*233 

79 

11699 

31-343 

32*213 

29 

1-0577 

11*506 

11-825 

78 

11678 

30*946 

31-805 

28 

1*0567 

11-109 

11*418 

n 

11667 

30*660 

31*398 

27 

1*0537 

10-712 

11-010 

76 

11686 

30*163 

30-990 

26 

10517 

10-316 

10*602 

75 

11616 

29*767 

30*582 

25 

10497 

9-919 

10-194 

74 

M494 

29*361 

30-174 

24 

10477 

9-522 

9*786 

73 

11473 

28*964 

29-767 

23 

1*0457 

9*125 

9*379 

72 

11462 

28*567 

29-359 

22 

1*0437 

8*729 

8-971 

71 

11481 

28-471 

28-951 

21 

10417 

8-332 

8-563 

70 

M410 

27-772 

28*544 

20 

1*0397 

7-935 

8-155 

69 

1-1889 

27-376 

28-136 

19 

1*0377 

7-538 

7-747 

68 

11869 

26-979 

27-728 

18 

1*0357 

7141 

7-340 

67 

1-1849 

26*683 

27*321 

17 

1-0387 

6-745 

7-932 

66 

11828 

26186 

26-913 

16 

10318 

6-348 

6-524 

65 

11808 

26-789 

26505 

15 

1*0298 

5-957 

6-116 

64 

11287 

26-892 

26-098 

14 

10279 

5*554 

6-709 

63 

11267 

24*996 

25-690 

13 

1-0259 

5-158 

6-301 

63 

11247 

24*699 

25-282 

12 

1-0239 

4-762 

5-893 

61 

11226 

24*202 

24-874 

11 

1-0220 

4-365 

4-486 

60 

11206 

23-806 

24*466 

10 

1*0200 

3*968 

4078 

59 

11186 

23-408 

24058 

9 

10180 

3-571 

3-670 

58 

11164 

23-012 

23*150 

8 

1-0160 

3174 

3*262 

57 

11 148 

22*616 

23*242 

7 

1-0140 

2*778 

3-854 

56 

11128 

22*218 

22*834 

6 

10120 

2*381 

3-447 

55 

11102 

21*822 

22-426 

5 

1-0100 

1-984 

2039 

^ 

11082 

21-426 

22*019 

4 

1*0080 

1*588 

2-63 1 

.      53 

11061 

21-028 

21-611 

:{ 

10000 

1-191 

1-224 

52 

11041 

20-632 

21*203 

2 

1*0040 

0-795 

1-316 

1      51 

11020 

20-235 

20-790 

1 

1-0020 

0-307 

1*408 

CoBimneial  hydrochloric  acid  is  when  pure  a  colourless  liquid,  which  fiunes  in  con- 
^^  with  moist  air.  When  the  degree  of  concontration  is  as  low  as  20  per  cent,  of 
^IseouB  add  thia  fuming  ceases.  Baw  commercial  hydrochloric  acid  is  generally  of 
^  yellow  colour,  owing  to  the  presence  of  feme  chloride.  Besides  this  latter  im- 
Ptnty,  commsieial  hydrochloric  acid  often  contains  chlorine,  sulphurous  oxide,  and 
^Umrie  add,  as  well  as  sodium  chloride  and  sulphate.  When  arsenical  sulphuric 
|v  has  been  employed  in  the  manufArt.ure  of  hydrochloric  acid,  the  arsenic  pa8m>s 
%lo  tiie  hTdrodiloric  add,  and  since  largo  quantities  of  sulphuric  acid  are  now  miinu- 
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hetnred  from  otijUb,  the  presence  of  anenic  ii 
ii  >  DuUter  of  frequent  occoTTeDcs,  Saleniuni 
mncial  hydrochloric  acid. 


being  repreaented  by  the  fbllowiDg  eqaitiOD  : 

2NaCl   +   H^,   -   Ha^O.   +   SHCL 


9S 
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Therafora,  id  preparing  hydrochloric  acid,  it  would  be  neccMary  to  lake  117  pA 
by  WMgbt  of  sodium  chlcrido  to  avery  9S  parts  by  weight  of  ConcentiUcd  nlfUBt 
acid  ;  bntae  Bolphnric  acid  geoeiBlly  contains  rather  mora  than  1  molecule  of  nt^ 
it  is  oaoal  to  take  mora  of  it  than  the  quantity  above  indieatsd. 

The  naction  Detwi'cn  these  sabetuncaa  may  be  mora  correctly  rnneMiited  ai  tlkl^ 
place  in  two  utagea,   there  being  formed  in  the  flret  inst&nce  aod  sodium  nlfMl 
tioi  hydtochloric  acid,  according  to  tha  equation — 
NaCl    +   H^,   -  NaHSO, 


6a-6 


ISO 


36-S 


uid  then  the  heat  being  increased  (owanla  the  end  of  the  prooess;  the  add  n£m 
talplui(«  decomposes  a  farther  qnanti^  of  Bslt.  according  to  Ue  equatioD  — 
KaCl   +   NaHSO.  -   Na^,   +   HQ 
68-6  120  142  3S-S 

On  the  small  scale  hydrochlorio  acid  is  prepared  by  ponring  10  parts  of  saUnii 
add.  containing  t  inti  A  mter  to  9  porU  of  ndd,  over  5  parts  of  common  nU  «d» 
tained  in  a  glass  flask,  fitted  with  a  caoutchouc  cork  and  deUvary  tabe  ;  tha  fiiAli 
heated  at  first  gently,  and  afterwanls  more  atrengly.  and  tJio  gas  eTidved  is  pMri 
thnmgh  a  Wontfe's  bottle  containing  a  small  quantity  of  water,  su  as  to  free  itftlH 
particles  of  snliriinric  acid  carried  over,  and  then  into  a  bottle  contaimog  the  viM 
fiir  the  absorption  of  the  j>ns  for  use. 

When  gaseous  hydroctiloric  acid  is  required,  it  is  prepared  in  the  same  w»j,  W 
the  Woulfe'i  bottle  is  charged  widi  salphnrlc  add  instead  of  water,  in  ordvledv 
the  gag.    The  gas  is  to  be  collected  over  mercury- 

The  apparatus  in  which  theopecatioa  is  earned  oat  on  the  lai^  scale  isof  fUlM 
eoaatructioa,  but  glass  ritoita  must  be  used  when  pure  hydrochloric  add  is  raquM. 

The  most  simple  armngrmcnt  of  the  kind  is  tluit  showii  in  %.  III.  It  eonriitirf 
four  or  more  glass  rotorts  placed  over  a  eingle  fumnce.  Each  retort  (if)  it  eoniarirf 
with  a  receiver  contHiniiiga  small  quantity  of  tmtur  fur  the  absorption  o[  bydraohkni 
add.  The  retorts  are  chargsd  by  bulding  the  neck  in  a  vertical  position  and  itfl> 
ducing  the  neeesaary  qnanli^  if 
common  salt ;  they  an  ■■ 
placed  over  t)iefuma««,*aldnrit  ' 
acid  is  introduced  thitrafl  tt>  ' 
be  nt  f un  nel,  and  the  neck  aftbiM- 
tort  connected  with  the  ncBTK ' 
The  retorts  ara  then  lu^M 
long  as  hydrochloric  add  [sMi    , 

An  apparatus  with  WW 
arrangement  for  the  absoipt)* 
of  the  hydrochloric  add  pt  k 
shown  in  ttga.  II]  and  IIL 
The  glass  retorts  (cc)  coatA 
the  mixture  of  salt  and  snlptaie 
add.  From  four  to  eight  c/dMi 


of  the  furnace  (a).  The  It- 
torts  stand  in  a  chamber  B*b 
of  fire-bricks,  the  hot  sir  lililill| 
benml^L  and  around  them  tvM 
the  furnace  flues  (b*  b,  b,«).  1 
couple  of  fnmaGM  of  the  IM 
each  holding  8  or  10  retetti,Hi 
so  connected  with  one  BDOlkM 
chimney,  separated  intern^  liy  ■ 


Fio.  112. 
t  Uie  fire  gasee  escape  Ummgh  a 


alonci 
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abont  S  fB«t  high,  to  tu  to  prevent  the  gtwes  from  entering  Uie  cbimDey 
Lta  dinetiDni.  The  anangemeDt  for  wiKleomtioa  or  nbiiorption  of  ttie  hja 
■cid  gu  couiits  c^doublj 


tnbDlstad  bailooiiR(DD).iiito 

Inbnlos  of  vhieh  the  neck  of  the 

Mart  pinnrn,  the  other  being  in 

toBuniiniektion  with  a  receivsr 

(■)  below.      The  nceiTere  are 

il*o  fumiihed   with    a,   wcond 

tabnlu   for   pawng    non-con- 

died  Tmponn  into  &  eecond  or 

tUid,  etc,  ree«rer  of  like  eon- 

■ncticai.    The  lint  receiTer  is 

UKaitiog  em^y,  recsiTiDK  the 

Hw  hjdrochlonc  acid  sa  it  Slope 

bim  D ;  the  other  receirarB  con- 

luE  Mch   a   miatl  qnuitity   of  p,„    ,,'1 

nttrfor  theeflectnal  abaorption 

((the  kjiirochloric  acid  THpoun,   The  aqneons  hjdrochlonc  ndd  of  the  hitter 

i^pmr  in  quality,  dnce  t^e  chief  imporiUes  remain  in  the  first  receiTel. 

TIm  bjdioehloiic  add  of  commerce  ia  to  aome  extent  prepared  in  the  manner  above 
iHoibsd;  bnt  most  MF  the  hydrochloric  acid  used  in  cliemical  works  ie  obtained  in 
■^igiodinm  mlphate  from  common  aalt,  and  tta  preparation  will  be  treated  of  in 
flaeli^ilvdeBmblngthe  maDufacture  of  tliat  aubalAnce.  (See  'Soda  Manuftcture.') 
Tta  nMimtul  aoliiljon  of  hydrochloric  acid  is  drawn  c^  into  glasa  or  atonewote 
dim  provided  with  itinperB  of  the  aame  material,  which  are  either  ground  so  that 
tbnnaeeDiBbilj,  or  arointed  into  the  necks  of  the  carboys,  and  then  covered  over 
liln  1  piece  of  Kitmg  linen.  In  filling  the  carboys  for  transport,  it  is  neceeaaiT  to 
Inn  is  (Bch  cArboj  on  empty  space  of  at  least  a  pint  capacity,  so  as  to  avoid  ri  A  of 
h«h|eaf  tha  carboys  in  warm  weatht^r  by  the  eipansion  of  the  hydrochloric  acid. 

Hm  pariScation  of  raw  hydrochloric  acid  may  be  effected  in  two  waya— via., 
■tWQwnw  add  is  distilled  and  the  product  of  distilletion  passed  into  water  for 
■IbMioi,  or  the  raw  acid  ia  diluted  till  it  has  a  EpeciGc  gravity  of  1-12,  and  then 
^Miud.  In  both  cases  it  is  aecesBary  to  reject  the  first  portion  of  the  diatillato,  as 
K  nataina  "hi""'"'  or  salphoroua  acid,  or  both,  also  to  avoid  distilling  too  far,  in 
*1M  MM  bnie  chloride  inmld  distil  over. 

Pm  hydrochloric  acid  may  also  be  obtained  from  (he  raw  acid,  according  to  P.  W. 
BiJbui,  \)j  filliikg  a  veaael  furalehed  with  doubly  perforated  clay  plugs  to  one 
^l(ilic^«d^  with  raw  hydrochloric  acid,  and  than  pouring  through  a  funnel, 
^Wtiigof  baDg  closed,  sulphuric  acid  of  epeciflc  gravity  l'g48.  Thin  causcH  the 
iUu£it«  evolution  of  hydrochloric  acid  gaa.  which  is  passed  through  a  sort  of 
"nUt'a  bottle  containing  water  so  as  to  wash  it,  and  uien  collected  in  another 
"■■d  ttnlaining  diitilled  water.  The  eTolntion  of  hydrochloric  acid  gaa  in  tliia 
if  veiy  regular,  and  not  accompanied  by  any  considerable  riee  of  temperature. 
I^MO  the  snlphnric  acid  has  reached  a  specific  gravity  of  I'SSS,  The  residual 
^^de  acid  eontaioa  only  0*32  per  cent,  of  hydrochloric  acid,  and  may  be  either 
'*"iitlalul  or  nsed  lor  making  sodium  sulphate. 

Fm  the  remoral  at  arsenic  finm  hydrochloric  acid  according  to  Bett«ndorfs 
*^od,iaw  hydrochloric  add  is  mixed  with  a  small  quantity  of  fuming  atonnous 
'■'<■il^  Ihe  pteripitate  thus  produced  in  eepamted  after  24  hotirn,  and  the  hydro- 
<U«>(  acid  distilled  off.  The  first  tenth  part  of  the  distillate  in  tlirowii  away,  and 
*  H^dna  distilled' almost  to  dryness.  This  operation  serres  at  t!ie  same  time  to 
'fBn  the  hydmchloric  add  of  ch  lorine. 

Vhs, — Hydroehlwic  add  is  used  in  t'lC  preparation  of  the  following  snbatnnree : 
~;*qnregia,  which  is  used  for  dixBoIving  gold,  platinum,  certain  alloys,  as  well  as 
*'>wla,  etc.;  itannous  chloride  and  atannic  cliloridc.  natiroonouH  chloride,  and  sal 
'*^Tnlar  It  ia  need  for  decompoaing  the  lime  soap  formed  in  the  hucking  of  linen 
**DqUan  bbrics  impregnated  with  fat ;  also  in  Mcacliing  instead  of  sulphuric  acid, 
■■I  m  tMTtating  non -fermentable  cane  sugar  into  ferroentalilo  su^r  in  the  manufac- 
**"  "f  nmlsMnn  qiirit.  Pure  hydnichloric  acid  in  alwi  used  for  punfying  animal  char- 
<Mll  brptmaring  carbonic  acid  in  the  manoliu'ture  of  aerated  waters  and  double 
<VbBUw;  forpuii^ngferrnginnus  sand  in  the  manufncturo  of  glass  ;  for  remocing 
AshriartauD  boilen;  in  the  propaiation  of  blacking;  in  the  preparation  of  copper, 
^  it  the  vet  way;  fbr  removing  phosphates  &om  iron  orea  ;  forclenneing  zinc  befora 
KlMBg;  fbr  eaBTeiting  barium  caclmnntc  intji  chloride  i  alno  in  the  rerovoiy  of  snl- 
ihvfaennda  ralbae,  as  well  as  in  a  number  of  chemical  operations  in  the  laboratory. 
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ii  i^ceinUj  nsed  in  tho  Bunii&ctiiie  of  chlorine  «nd  tha  hjrpochtaritM,  npemllj 
blwching  powder  and  Jarelle  liqaor  (bm  p.  168).  It  is  alao  lUed  for  taaking  Sua 
chloride. 


Poamm  3,C1,,    HoucnuR  Wbioht  ISA. 

— Thu  Bnbataacs  inu  flnst  obtuDDd  bj  Hag«maD  id  1781,  bat  it*  cmi- 
■titntion  wu  not  fally  ucertained  until  it  traa  studied  by  Davy  and  Bodioli  ia  I8I9. 

diuaotorm. — Sulphar  chloride  ia  at  the  oidinarj  temperatnTe  a  molnle  nddith- 
jelloir  liquid  that  fumes  in  contact  with  tho  air,  and  baa  a  pecoliar  penetrating  dif- 
sgreeable  smol] ;  its  apecifla  gravity  is  ]  687,  that  of  itaTapoarralatiTely  tA  air  4'HS; 
it  boils  at  139°.  When  brought  into  cootar.t  with  wator  it  gradually  decompasM,  and 
inlphur  ia  liberated,  with  fbcmation  of  hjdtnoiilurii:  acid  and  thiosulphuric  add,  iriiieh 
ib  WKin  converted  into  Bnlphurons  oiide  and  sulphur.  Sulphur  cUoride  disscdTM 
■nlphur  in  large  proporlioa. 

»r«p«paUoii.— Sulphor  chloride  ia  prepared  bjpaaaing  diy  cliloriao  gM  OTW 
melted  eolphur  nrid  distilling  off  the  clilonile  from  the  excess  of  sniphur.  His 
apparatus  fur  condncting  the  operatioo  ia  reprtsenled  by  Bg.  114.     The  dtbrnoe  fM 


generated  in  the  flask  (a)  is  first  washed  l)y  pneaing  it  throngh  walei  in  Uib  Wonlft** 
bottle  (n),  then  pasaed  through  the  tubuliitod  flask  (c)  and  the  dryiog  tuba  (d),  Sll«d 
willi  calcium  chloride,  into  the  retort  (k)  contniuing  Che  sulphur,  and  kept  soScisntly 


Vaaa. — Sulphur  chloriilt 


T  (f),  kept  cold  by  n  stream  of  w........ 

is  used  naaaolvent  fiiTBulpbar  inTulcaniringeaontehoDO. 


BROMINE 

Symbol  Br.    Atomio  Wbioht  80. 

fm — ^This  elementary  substaoce  was  discovered  in  1826  by  Balard  in  the 
or  obtained  in  the  manufacture  of  salt  from  sea  water,  and  its  most  impor- 
ties  were  ascertained  by  him. 

WBoe. — ^Bromine  does  not  occur  naturally  in  the  free  state,  but  in  the  state 
tion  with  the  alkaline  metals  and  aosjociated  with  the  corresponding  chlo- 
!!•  in  sea  water,  in  the  water  of  salt  spiings,  in  rock  salt,  marine  plants  and 
id  also  in  coal.  Bromides  exist  in  considerable  amount  in  the  water  of 
«1  springs  ;  for  instance,  that  of  the  Adelheid  spring  in  Upper  Bayariu,  in 
if  the  brine  springs  at  Kreuznach,  also  in  the  water  of  the  Dead  Sea,  etc 
i,  38).  Silver  bromide  occurs  a?  bromargyr  ite  or  green  silver,  a  mineral 
■  the  chief  constituent  of  some  silver  ores  occurring  in  Mexico  and  Brittany. 

Btsnk— Bromine  is  at  the  ordinary  temperature  a  dark  red  liquid  of  a 
;  and  unpleasant  odour.  Hence  its  name,  from  fip&ftost  a  stink.  Bromine 
nd  state  has  a  specific  gravity  of  2*976 ;  at  a  temperature  of  —7*8°  it 
B  a  grey  mass  of  metallic  lustre;  it  boils  at  63°,  and  is  converted 
owish-red  vapour,  having  a  density  of  80  as  compared  with  hydrogen,  and 
0  air  a  specific  gravity  of  5*54.  The  tension  of  bromine  at  the  ordinary 
•  is  00  considerable  that,  when  exposed  to  the  air,  it  readily  volatilises  and 

red  vapour  resembling  nitrogen  peroxide  in  appearance.  On  this  account 
quires  to  be  kept  in  well-stoppered  glass  bottles,  and  it  is  convenient  to 
BTod  with  a  layer  of  sulphuric  acid,  specific  gravity  1*652,  which  dissolves 
Kaoes  of  bromine  and  prevents  volatilisation.    Bromine  is  soluble  in  water 

extent  of  about  3  per  cent  by  volume,  but  communicates  to  it  a  reddish- 
<ar.  This  water  solution  of  bromine  decolorises  in  the  sunlight,  owing  to 
on  of  hydrogen  bromide  by  decomposition  of  water,  oxygon  being  liberated. 
ombines  with  water  cooled  down  to  0°,  forming  a  solid  reddish-brown 
ieh  crystallisee  in  octahedra,  and  is  not  decomposed  at  a  temperature  of  16° 
be  beet  solvents  for  bromine  are  alcohol,  ether,  chloroform,  aqueous  soln- 
tasrinm  bromide,  etc.  In  its  chemical  characters  bromine  closely  resembles 
vt  it  baa  less  chemical  energy.  Bromine  does  not  readily  combine  with 
[t  very  readily  with  hydrogen,  and  the  bleaching  of  organic  substances  by 
attributable  to  the  facility  with  which  it  oombines  with  hydrogen.  Bromine 
nth  most  metals,  forming  bromides.  Starch  paste  yields  with  free  bromine 
red  compound. 

ration. — ^Formerly  bromine  was  cliiefiy  obtained  from  the  mother  liquor 
ir,  which  was  treated  for  potassium  salts  according  to  a  method  to  be  de- 
ther  on.  By  this  process,  after  various  salts  have  been  crystallised  out,  a 
of  potassium  chloride  with  magnesium  chloride  is  obtained,  in  which  vari- 
ties  of  chlorine  are  replaced  by  bromine.  After  the  separation  of  this  salt 
olved,  and  the  solution  evaporated  to  crystallisation.  The  greater  part  of 
lum  chloride  and  magnesium  chloride  crystallises  out,  leaving  behind  a 
in  bromine,  which  is  then  mixed  with  manganese  peroxide  and  sulphuric 
iftilled  f^m  large  stoneware  retorts. 

j^  to  another  method,  the  liquor  from  which  iodine  has  been  previously 
J  chlorine  is  concentrated  in  leaden  jars,  chlorine  having  been  added  in  small 
;  a  time,  so  long  as  the  violet  vapour  of  iodine  is  evolved.  The  liquor 
ced  with  manganese  peroxide  and  sulphuric  aci^i,  and  the  bromine  distilled 
irater  also  passes  over,  and  retains  considerable  quantities  of  bromine  in 
On  this  account  the  water  is  separated  from  the  bromine  by  m^rans  of  a 
fiuioel  or  by  decantation,  treated  with  potassium  carbonate,  evaporated,  and 
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Ths  mBDllGictnn  cf  bromine  at  Staasfnrt  vai  ■t&rtod  by  Fmok.  in  IBM,  at  a  dm 
when  bromioe  bad  tracome  tbtj  dsar.  The  rasalt  wu  tbftt.  in  1866.  Ui«  [oiee  nt  bto- 
mina  wrb  reduced  one-hair,  in  1S67  to  one-flfth,  and  nill  foTtbcr  daring  lh«  TMlf 
ISSB,  1869,  and  1 870.  The  producdoQ  waa  at  flnt  3,000  pounds  par  annnm ;  it  non 
rwe  to  15,000  pounds,  and  has  aiace  Ihen  increaaed  coQEideriLbl;. 

The  nir  material  emplojed  bj  Frank  in  the  preparatloD  of  bromine  is  the  moUnr 
liquor  which  remaiDEi  nftcr  BepHrating  potaiaima  chloridennil  the  double  potuainmaiid 
magneaiDm  chloride  from  Iheiolnljoii  ofiavStaasflirt  salt  bj  crfBtalliaatJon  (tvbPotai- 
lium  Salu).  This  liquor  contaiae  from  1  to  1'6  per  cent,  of  potaaanmehlaridek  SO  to 
33  per  cent,  of  Dia^esiuiD  chloride.  1  to  1-fi  per  cent,  of  ao^nm  chloride,  1  par  cent. 
calcium  chloride,  the  remnindpr  coeeisting  of  water.  It  also  contains  abont  OHM  at 
O'lS  per  csnt,  of  bromino.  The  amouot  5  bromine  Tarie*  cooeideiably,  and  the  man 
recent  of  the  inlt  depoiila,  eBpeciall;  those  containing  tachhydrite,  are  richat  in  tao- 
miDe  ti^an  theotherA. 

U'he  iippnratus  used  in  diBtilling  bromine  conDsts  of  a  stonewan  pan,  aet  IB  blU- 
work,  having  a  capacity  of  about  BO  to  100  cubic  feet.     It  has  essentially  tl 
constrtlctioit  as  the  chtnrine  genemtur,  deecribod  on  page  16S,  the  ooly  di._. 
bring  Uiat  it  Is  heated  with  ateani.    For  this  puFpoaa  a  leaden  steam  pipe  pf  sa 
thnmgh  tb«  lid  of  the  still  to  the  bottom,  so  ae  to  deliTsr  jeta  of  steam  ffom  seTanl 


FtQ.  116. 

placoH.  Thedelivery  tnboofthertillia  connected  with  a  condenmng  worm  (as,  flg.  11*) 
of  eHTthenware  or  \ca/[,  surrounded  by  cold  water,  and  the  end  of  the  worm  is  connoetM 
by  means  of  a  glass  adapter  (c)  with  a  three-necked  Wonlfa'a  bottle  (d)  holding  aboat 
IB  pints,  and  fitted  witii  a  safety  funnel  (m)  and  a  siphon  (ii)  for  drawing  off  (ha 
bromine.  A  leaden  tube  (r)  connects  o  with  a  atone  jar  (s),  flUad  with  moist  itoB 
filings.  The  end  of  the  tuba  (r)  terminata  in  a  wide  glass  cylinder  (t),  to  pnmt 
stoppage  of  the  narrow  lenden  tube  by  the  formation  of  ferrous  bromide.  Bie  joints 
are  made  vrith  a  Inleof  clay  and  oil  bound  round  w:?Ji  parchment. 

The  apparatus  is  set  going  by  charging  the  still  with  mother  liquor,  mangaan* 
peroxide,  and  sulphoric  acid,  or  hydrochloric  acid,  and  heating  the  miiton  aa  quickly 
as  possible  to  the  boiling  point  by  passing  steam  into  the  still. 

The  escaping  vapour  condenses  in  the  worm,  and  passes  Lhroqgh  tils  adapt«r(c] 
into  the  Woidfe's  bottle  (d),  where  two  layers  are  formed,  the  lower  layer  coniistiiig  V 
bromine,  the  upper  one  of  a  solution  of  bromine  in  water.  The  uneondsnaed  n^nar, 
which  is  very  ofTensve  owing  (o  the  bromine  it  contains,  paaaes  into  (■  n],  and  is 
IhoTe  completely  absorbed  by  the  moist  iron  filings.     At  the  banning  of  Uia  opeatkm 
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fealnmblj  puze  faromine  paatos  oyer,  but  towards  the  end  of  the  distillatioD  the  evolu- 
tioo  of  cmoriiie  inereases,  as  may  be  seen  by  the  green  colour  of  the  yapour  in  the 
adapter  (c).    Directly  this  is  the  case  the  distillation  is  stopped  and  the  generator 


'Pmifieation,—Tiie  bromine  which  collects  in  the  Woulfe's  bottle  is  contaminated 
with  chloimie,  with  brominated  hydrocarbon  compounds  not  as  yet  studied,  as  ^ell  as 
with  lead  bromide  carried  over  from  the  leaden  worm  and  the  leaden  delivery  tube.  It 
is  tbereibre  drawn  off  by  means  of  the  siphon  and  submitted  to  a  process  of  rectifica- 
tioo.  I^e  apparatus  for  the  rectification  consists  of  lai^  tubulat^  glass  retorts,  the 
neekfl  of  which  are  luted  into  receivers  also  of  glass,  llie  tubulus  of  each  receiver  is 
teniahed  with  a  glass  tube  fitted  tightly  into  it,  through  which  the  uncondensed 
Tapoor  passes  for  absorption  into  a  Woulfb*s  bottle  filled  with  potash  or  (fustic  soda 
aomtion,  then  into  an  open  pot  containing  the  same  absorbent,  or  moist  iron  filings 
Biay  be  employed  instead  of  caustic  alkali.  The  retorts  are  heated  in  sand  baths, 
oonaiatiiigof  a  single  casting,  and  they  have  double  sides  between  which  steam  is 
paaafwl  iVTirTi  the  retorts  l^ve  been  arranged  as  above  described,  they  are  charged 
with  erode  broznine  and  heat  applied.  The  fint  portion  of  distillate  consists  of  bromine 
eonaidBrmbly  contaminated  with  chlorine,  which  is  collected  separately,  mixed  with 
other  products  of  the  same  nature,  and  again  rectified.  If  the  first  portion  of  distillate 
happeoB  to  be  pure  bromine  chloride,  it  is  treated  with  water,  which  causes  the  de- 
eompoaition  of  the  compound  into  bromine  and  hydrochloric  add.  After  the  first 
chlarinated  portion  of  distillate  has  been  removed,  and  pure  bromine  distils  over,  the 
Tteoeivera  are  changed  and  the  pure  bromine  collected.  There  remains  in  the  retort, 
when  the  distillation  is  over,  a  thick  dark  mass,  consisting  of  various  lead  salts  and 
brominated  hydrocarbon  compounds. 

Backing. — The  bromine  is  run  off  from  the  receivers  into  glass  vessels  furnished 
near  the  bottom  with  glass  cocks,  through  which  the  bromine  is  run  into  the  bottles 
fbrtran^mrtation,  which  hold  from  4  to  5  pounds  of  bromine,  and  are  closed  with  well- 
ground  glass  stoppers,  covered  with  resin,  over  which  is  a  day  luting  secured  with 
parchment  paper ;  four  such  bottles  bdug  packed  in  a  box  with  four  compartments. 

For  the  transport  of  bromine  by  sea,  Frank  evaporates  a  solution  of  ferrous  bro- 
mide to  diyneas,  and  packs  the  thoroughly  dried  mass  in  bottles.  When  required  for 
use  this  mass  is  dissolved  in  water,  and  the  bromine  separated  by  passing  chlorine 
into  the  solution.  This  method  avoids  the  danger  of  leakage  from  an  ill-fitting 
stoTO«r  or  loss  by  the  breaking  of  bottles. 

The  bromine  obtained  from  Stassfurt  has  the  advantage  over  all  other  kinds  of 
commercial  bromine,  that  it  is  entirely  free  from  iodine. 

V»es. — Bromine  in  the  form  of  potassium  bromide  is  used  extensivdy  in  photography 
and  also  in  medidne.  The  use  of  bromine  in  the  preparation  of  aniline  colours,  which 
at  one  time  seemed  likely  to  be  extensive,  has  nearly  ceased.  Bromine  also  enjoys 
zspnta  as  a  disinfectant. 

OwiHiwnrta  Bromine  dosely  resembles  chlorine  in  its  chemical  relations,  and 
ths  bromides  or  compounds  it  forms  with  other  dementary  substances  have  a 
general  analogy  to  the  corresponding  compounds  of  chlorine  in  constitution  and  cha- 
racters. The  nydro^  compound  HBr,  or  hydrobromic  acid,  is  a  colourless  gas 
solnble  in  water ;  it  is  decomposed  by  chlorine  with  liberation  of  bromine  and  forma- 
tion of  hydrochloric  add.  The  metallic  bromides  are  in  like  manner  decomposed  by 
dUorino  and  converted  into  chlorides  with  liberation  of  bromine ;  they  are  also 
deeompoaed  by  hydrochloric  acid  with  formation  of  chlorides  and  hydrobromic  acid. 
Bromine  appeara  to  combine  with  chlorine,  funning  a  substance  which  is  probably  a 
pentachlonde,  BrCl,. 

The  oxygen  compounds  of  bromine  correspond  to  hypochlorous  oxide  and  chloric. 
Lot  th^  are  known  only  in  combination  with  water  or  basic  oxides.  These  compounds 
rsssmble  the  corresponding  compounds  of  chlorine,  and  are  formed  in  the  same  manner ; 
thos  hypobromites  are  formed  by  digesting  bromine  in  cold  solutions  of  the  caustic 
alkaliaa  or  alkaline  earths.  Bromatesare  formed  together  with  bromides  dtber  by 
boiling  a  solution  of  hypobromite  or  by  saturating  hot  alkaline  solutions  with  bromine, 
iJm  reaction  being  predsely  similar  to  that  which  takes  place  in  the  formation  of 

6KH0  •«•  6Br  -  6EBr  +  KBrO.  +  ZEfi. 
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IODINE. 

Symbol  I.    Atomic  Wmosr  127. 

History.— Tbie  elementaiy  sabstance  was  diBcovered  io  1811  by  OooztoM  in 
varec  soda,  and  it  was  immediately  made  the  subject  of  research  by  d^ent  and  by 
Gay-Lnssac,  who  was  the  first  to  express  the  opinion  that  iodine  was  to  be  r«gazded 
as  an  element  very  nearly  related  to  chlorine.  Dayy  also  studied  iodine,  and  aaoer- 
tained  that  when  it  is  acted  upon  by  caustic  potsish  solution,  it  is  oxidised,  with 
formation  of  potassium  iodate.  The  reaction  of  iodine  with  starch,  which  is  roeipro- 
cally  one  of  the  most  delicate  tests  for  both  iodine  and  starch,  was  disooTered  by  Oalin 
and  Gaultier  de  Claubry. 

Ooovrrenoe. — Iodine  does  not  occur  naturally  in  a  free  state,  and  in  a  state  of 
chemical  combination  it  occurs  chiefly  as  potassium  iodide  and  sodium  iodide  in  Ma 
water.  The  amount  of  iodine  in  sea  water  is,  however,  relatively  so  small,  that  its 
presence  can  only  be  determined  with  difficulty.  It  occurs  in  laiger  proportion  in 
some  kinds  of  fuci,  algae,  and  other  marine  plants,  which  extract  iodine  from  asa  water 
and  store  it  up  in  their  tissues.  Iodine  has  also  been  found  in  marine  animals,  such 
as  sponges,  star-fish,  and  the  like. 

Iodine  exists,  proba])ly  in  the  state  of  iodides,  in  the  water  of  most  brine  springs, 
but  not  generally  in  sufficient  amount  to  admit  of  its  presence  being  easily  ascertained, 
except  in  the  mother  liquor  obtained  by  evaporating  large  quantities  of  water. 

Iodine  is  found  in  relatively  greater  amount,  also  in  combination  with  potaasinm 
and  sodium,  in  the  water  of  some  mineral  springs,  as,  for  instance,  in  the  Adelheid 
Hpring  in  Bavaria,  and  in  the  water  of  Hall,  in  Austria.  Iodine  has  also  been  fbond 
in  a  number  of  minerals,  in  some  Silesian  zinc  ores,  in  a  silver  ore  from  Mexico,  in  the 
phosphorite  of  Ambcig,  in  turf,  and  in  the  coal  of  Mons,  Anzin,  Comentiy,  etc^ 
which  is  used  in  gas-making.  Chili  saltpetre  also  contains  a  conriderable  amoont  of 
iodine,  which  is  found  in  the  mother  liquor  obtained  in  purifying  this  salt. 

Cbaraotera. — Iodine  is  at  the  ordinary  temperature  solid,  either  prwentiiig  the 
appearance  of  a  compact  mass  with  crystalline  fracture  or  well-defined  ajstala.  It 
has  a  metallic  appearance,  is  opaque,  and  of  a  greyish  black  colour.  Its  apedfie 
gravity  is  4*050  at  lft° ;  it  melts  at  107*^,  forming  a  black  liquid,  which  bmLi  at 
180^,  yielding  a  beautiful  violet  coloured  vapour,  the  specific  gravity  of  wUch  is 
8*716,  as  compared  with  air  and  its  density  127  times  that  of  hydrogen.  The  name 
this  clement  l>ears  is  in  allusion  to  this  character,  being  derivocl  from  M^s,  violet- 
like. 

The  tension  of  iodine  at  the  ordinary  temperature  is  great  enough  to  cause  tiie 
volatilisation  of  small  quantities  of  the  substance,  and  its  penetrating  smell,  as  well  as 
the  corrosion  of  cork  or  other  organic  substances  u^  for  securing  bottles  containing 
iodine,  are  due  to  this  fact    At  a  temperature  of  from  45^  to  dO*'  the  evapoimtion  of 
i(>dine  is  so  considerable,  that  the  upper  part  of  bottles  partly  containing  iodine  are 
filled  with  the  violet  vapour.    When  water  containing  iodine  in  solution  is  boiled, 
iodine  passes  over  with  the  steam  in  considerable  quantities.    Dry  iodine  raponr 
deposits  crystals  of  iodine  upon  cold  surfaces.     Very  good  crystals  may  also  be 
obtained  from  solutions  of  iodine  in  potassium  iodide,  carbon  bisulphide,  etc.     Iodine 
precipitated  from  its  alcoholic  solution,  by  the  addition  of  water,  is  found,  when  ex- 
amined under  the  microscope,  to  consist  of  a  conglomerate  of  small  crystals.    Iodine 
has  an  acrid  taste,  and  it  acts  very  energetical Ipr  upon  the  animal  organism. 

Iodine  is  but  sliglitly  soluble  in  water,  requiring  for  its  solution  6,624  times  iti 
weight  of  water ;  such  a  solution  has  a  brownish  colour.  It  is  easily  solnble  ii 
aqueous  solutions  of  hydriodic  acid,  or  potassium  iodide,  and,  generally  speaking, 
iodine  is  far  more  soluble  in  water  containing  salts  than  in  pure  water.  The  best 
solvents  for  iodine  are  carbon  bisulphide,  alcohol,  ether,  ethyl  iodide,  chloroform,  etc. 
Iodine  is  not  very  readily  oxidisable,but  combines  much  more  readily  with  hydrcgn ; 
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though  in  this  ZMpect  it  is  sorpaased  by  chlorine  as  well  as  by  bromine.  Iodine 
eombines  directlj  and  readily  with  sulphur  and  phosphorus ;  it  combines  also  with 
the  metals  to  fonn  metallic  iodides.  It  dissolves  in  solutions  of  the  caustic  alkalies, 
lonning  iodide  as  well  as  iodate  of  the  metal. 

TuUfor  Iodine.— "Pjae,  refined  iodine  ought  to  yolatilise  completely  when  heated 
to  180^ ;  it  should  dissolye  in  alcohol  without  leaving  a  residue,  and  the  solution 
ought  to  be  completely  decolorised  when  treated  wi&  an  excess  of  caustic  soda  or 
potash  solution. 

Iodine  in  an  unoombined  condition  produces  an  intensely  blue  colour  with  starch, 
And  in  testing  for  the  presence  of  iodine  it  is  usual  to  employ  either  freshly  prepared 
starch  paste,  or  papers  smeared  with  such  paste  and  dried.  If  the  iodine  be  in  com- 
bination, this  coloor  does  not  appear  until  a  drop  of  some  oxidising  agent  such  as 
chlorine  water,  fuming  nitric  acid,  or  potassium  nitrite,  has  been  added  to  set  the 
iodine  free. 

Another  way  of  ascertaining  the  presence  of  iodine  is  by  shaking  up  a  liquid 
containing  free  iodine  with  carbon  bisulphide,  which  extracts  Uie  iodine  and  forms  a 
red  liquid  easily  discernible  at  the  bottom  of  the  test  tube,  after  allowing  the  mixture 
a  short  time  to  settle. 

Commercial  iodine  is  often  adulterated  with  coal,  charcoal,  or  graphite;  but  these 
adulterations  are  easily  recoguised  by  treating  the  iodine  with  alcohol,  in  which  pure 
iodine  dissolves,  while  the  admixtures  remain  unacted  upon. 


-Iodine  is  prepared  chiefly  from  the  mother  liquors  obtained  after 
separating  potassium  chloride  and  other  salts  from  the  ashes  of  seaweed,  known  in  this 
emintjyaf  kelp,  and  in  France  by  the  name  of  varec. 

According  to  Courtois'  method,  as  improved  by  Wollaston,  the  alkaline  iodides 
contained  in  the  mother  liquor  are  decomposed  by  sulphuric  acid  and  manganese 
peroxide,  care  being  taken  diat  these  materials  are  not  added  in  very  great  excess, 
since  in  such  cases  chlorine  and  iodine  chloride  are  formed.  The  reaction  which  takes 
place  is  represented  by  the  following  equation : — 

2KI   +    2H^04  +  MnO,     =     K^O,  +  -MnSO^  +   2B  fi  +   21. 

The  liquor  is  first  mixed  with  sulphuric  add  in  large  vessels,  in  such  a  way  that 
as  little  increase  of  temperature  as  ^ssible  takes  place.  By  this  means  sulphates  of 
the  alkalies  are  produced,  together  with  hydriodic  acid,  hydrochloric  acid,  sulphuretted 
hydrogen,  and  carbonic  acid,  while  sulphur  is  separated  in  the  free  state,  and  is 
removed  with  a  perforated  ladle.  Of  the 
acids  thns  produced,  only  carbonic  and 
hydrosulphnrie  acids  escape,  while  hy- 
driodic and  hydrochloric  acids  remain  dis- 
solved. The  mixture  is  allowed  to  remain 
at  rest,  until  it  ceases  to  smell  of  sulphu- 
retted hydrqgen ;  it  is  then  drawn  off  from 
the  precipitated  sulphates,  and  placed  in  a 
still  with  manoanese  peroxide.  The  ar- 
cangement  of  Uie  distilling  apparatus  is 
Asureientad  by  fig.  116;  it  consists  of  a 
cylindrical  leaden  vessel  (a)  furnished  with 
a  head,  and  placed  in  communication  with 
a  number  of  fflass  or  stoneware  receivers  (d). 
The  still  is  neated  over  a  sand  bath,  the 
tsBpcnature  being  gradnaUy  increased  until 
vioUt  vapour  of  ioaine  is  given  off,  which 
eondensas  in  the  receivers,  and  is  deposited 
there  in  the  form  of  a  crystalline  crust 
The  stoppered  neck  (6)  in  the  head  of  the 
still  serrea  for  introducing  the  charge,  and  the  smaller  aperture  (o)  for  ascertaining 
the  progrsai  of  thei  (meration. 

Mr.  Fktarson,  in  Glasgow,  distils  from  hemispherical  vessels  of  cast  iron  4  feet  wide, 
•ad  ftimished  with  a  leaden  head.  The  latter  is  closed  above  with  a  round  clay 
plate,  furnished  with  an  opening  for  admitting  the  manganese  peroxide,  and  two 
•'peningB  for  the  escape  of  the  iodine  vapours  into  two  rows  of  receivers.  The  man- 
gaoeM  peroxide  is  added  in  small  portions  at  a  time.  Five  sets  of  stills  of  this  kind 
are  plaoBd  aide  by  aide,  each  being  neated  by  a  separate  furnace. 

According  to  Bairuel's  method,  the  iodine  is  separated  by  means  of  chlorine.  At 
Counarie's  woAm,  in  Cherbourg,  the  liquor,  saturated  exactly  with  sulphuric  acid,  is 
wved  with  10  par  cent,  of  manganese  peroxide  and  evaporated.    In  this  way  the 
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■al^hidMuul  hTpiMiiIphitM  ne  azidiwd  Ut  tolpbttMi  Mid  tlu  iwdM  U  hMtk 
nnul  iodias  Tsponr  >pp«an.  The  complMion  of  the  oziduioo  wmj  be  amrtuned  \f 
mixing  ft  imallqiuiitity  ol  the  maa  with  wafF  in  e  teat  tube,  and  idding  mlplina 
Hdd.  which  doe«  not  caiue  any  cTolalion  of  lolpbanttsd  bTdroMD  if  tba  ozidBtiaa  ii 
camplata.  The  csldaed  mau  prepared  aa  abora  ii  then  treated  with  vatar,  and  (bi 
idDtion  bRmgfat  to  a  apedfie  gnntj  of  1'333.  Aftic  it  hu  becoma  claar  b;  ataadidg 
''lOD  is  decBi]t«d  oS  dilnWd  with  vatar  to  apedSc  graTi^  I'1V7<  aiM 


du)  elaiT  portion  is  decsntad  oS  dilnWd  with  vatar  to  apedSc  graTil 

accmatelj  lanirBtcd  with  chloriae  gu.    Thii  cauaaa  the  decomti~*^*'"~  -^ 
iodidea  iaUi  bee  iodias  and  chloride  of  the  metal  aecoiding  to  til 


EI  +  CI  -  KQ  +  L 
The  chlorina  is  ganaratad  in  the  npparatna  dseribad  on  page  IBS,  tig,  lOS.  Om 
mut  be  taken  that  azaetlj  the  nght  proportion  of  chlorine  ia  emplored ;  it  oogb 
aeither  to  be  inrafficient  in  qnantitj  nor  in  eicees.  In  the  latter  caaa  iodic  add  aad 
iodine  chloride  are  apt  to  be  formed ;  while  in  the  former  case  the  iodine  i*  BOt  (O 
aeuntad.  and  the  nodecompiHed  potusinm  iodide  relajng  a  further  qnantitj  nl 
iodine  diwolred,  ao  thiit  in  either  cue  there  ia  a  loaa  of  iodine.  In  otder  to  aacertan 
whether  the  proper  qunntity  of  chlorine  haa  been  introdnced,  two  portiona  of  Hit 
liquor  HTB  ttated  reepecriTelj  with  chlorine  wnter  and  with  aolntion  of  potaaciaB 
iodide.  In  neither  cue  ought  a  aennratioD  of  tne  iodine  to  take  place.  Vlmi  thk 
point  hsH  )ieen  nttitined.  the  liqaor  is  aUoved  to  aettle,  eo  that  the  iodine  maj  depoait 
the  mpernntanl  liquor  is  decnnted  off  and  the  reaidual  iodine  wnahed  with  cold  watai 
imiil  nothing  more  ii  disiiolTed.  The  vuehed  iodine  ia  placed  upon  a  aiain  and 
drained.  In  ord'-r  to  drj  it  as  far  aa  passible,  it  is  either  spread  Out  npon  llller  sapv 
Uid  npon  diy  anhn,  or  it  is  Inid  upon  plates  nf  porous  euthfnvara.  The  ioduM  ii 
sometimee  dried  by  piuatDg  over  it  a  current  of  air  at  a  temperature  of  aboot  If". 
FreqDontlj,  boweTer,  it  is  not  dried  at  all ;  and  the  adherent  water  is  separated  bom 
it  in  the  process  of  sublimation. 

A  number  of  propoaitiona  bare  been  made  for  the  sepaiKtion  of  iodine  from  kah 
liqnor.  Wagner,  for  instAnce,  auraesta  diatitUng  the  liqaor,  pravioualyaddolatcdwitk 
anlphnric  acid,  with  ferric  chloride,  which  givea  rise  Ia  the  following  reaction  : — 
2NaI  +  Fe,Cl,  -"21  +  ZNaCl  +  2FeCI^ 
Thia  matliod  baa  the  advuntage  that  no  fbrmation  of  iodine  chloride  ia 
Lnehs  recommenda  treating  the  liquor  with  anlphuric  add  and  potasnnn 
Sonbntan  obtained  iodine  from  liquor  poor  in  that  nibatsnee  br  predpitalioB  ■■ 
coprooa  iodide,  by  adding  ferrous  sulphate  and  cnpric  sulphate,  and  then  aoeaamotaf 
the  cuprous  iodide  with  mAnganeee  peroxide  and  solphuric  acid  to  liborate  the  lOdiBai 
Theraulde  sepamtaa  the  iodine  by  means  of  nitrooa  add.  An  analogou*  pmeMi  N 
that  of  Lauroy,  in  vhich  the  oitroua  acid  ia  conTerted  into  nitrogen  pcmndda  bjarfsbg 
It  with  air  beflne  pawing  it  into  the  liqnor. 

ito  the  market,  it  ia  reOnad  bj 
itnre.  The  appaiatoa  oatfUBodj 
usea  is  shown  in  Ag.  117.  It  tamMt 
of  six  stoneware  retorta  (a  a),  leatiK 
upon*  sand  bath  (a  b),  and  mTaoBM 
entirely  by  aand.  The  iiedta  of  6» 
retorts  paas  through  the  aide  of  lb 
pnnd  baUi,  and  the  ends  of  them  ft  Hta- 
rately  into  large  atonewim  MMfm 
(D  n).  The  neck*  of  the  leCoria  ■■* 
he  aa  abort  sa  poadble,  to  avoid  Al 
deposition  of  iodine  within  them.  At 
rscairen  aro  fnmiabed  with  a  tnbaN 
(f)  into  which  is  fitted  a  tube  (j).  fM 
tho  escape  of  air.  Each  reedier  lai 
'  a  lid  («)  abore,  for  the  remoral  d  th) 
iodine ;  and  near  Ibe  bottom  is  s  pv- 
finated  plaie  for  tJie  aac^e  oteooiMM 
water.  The  entire  numb^  of  retoiniit 
heated  by  the  fire  (oj.  £ach  ntoit  it 
dUHged  with  about  40  poanda  of  iodine  and  is  beated  eo  long  aa  iodine  Tspour  etOf^ 
into  the  reeeiTers.  The  iodine  depoaita  in  the  receirers  in  cryBtaUine  lamiac  ^  ' 
Coumerie'a  iodine  works  the  retorta  are  beated  in  a  tolntian  cj'  aalt  inat«ad  of  tt* 
■and  bath. 

EsntacnoH  of  loom  raoK  Chili  S^i.TPcraa, — The  mothrr  lienor  obtainsi  o 
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rtflnmg  Chili  Mltpetre  is  bo  rich  in  iodine  that  it  is  now  usual  to  treat  it  for  iodine. 
At  Tarapaca,  in  Pern,  the  liquors  containing  iodine  were  formerly  treated  with  sul- 
phuric add,  by  which  iodic  acid  is  reduced ;  but  this  method  gives  rise  to  a  number  of 
lAOonTenient  by-products,  such  as  sodium  sulphate,  which  renders  the  saltpetre  impure, 
and  hygroaoopic  substances  which  adhere  to  the  iodine.  Thiercelin  has  therefore 
intiodnoed  a  new  method  of  reducing  the  iodic  acid  by  means  of  nitrous  acid,  obtained 
by  heating  to  redness  a  mixture  of  1  part  charcoal  and  6  parts  of  saltpetre,  in  a 
manner  nmilar  to  that  adopted  in  the  preparation  of  sodium  carbonate.  The  iodine 
ia  thus  precipitated  in  a  form  which  admits  of  its  being  easily  washed  and  dried,  and 
the  preciiiitata  contains  about  80  per  cent,  of  iodine. 

Fot  tne  determination  of  the  Talue  of  commercial  iodine  Hesse's  method  is  the 
best.  For  this  purpose  a  solution  of  ammonium  sulphite  is  made  by  saturating  a  4 
per  cent,  solution  of  ammonia  with  sulphurous  acid.  A  weighed  quantity  of  iodine 
18  disaolyed  in  this  ammonium  sulphite  solution,  and  thus  converted  into  hydriodic 


2NH„S0,  +  ftO  +   21     - 

2Nfl4,S04  +   2HI 
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132  '          256 

The  hydriodic  add  is  decomposed  with  silver  nitrate,  the  precipitated  silver  iodide 
filtered  oft,  washed  with  water,  dried  and  weighed.  The  amount  of  iodine  is  es- 
ta'mat^ad  from  the  weight  of  the  silver  iodide.  When  chlorine  is  present,  silver 
diloride  is  also  precipitated,  and  hence  the  quantity  of  iodine  found  would  be  in  excess 
of  the  real  amount.  In  order  to  remove  this  source  of  error,  the  precipitated  silver 
iodide,  before  being  dried  and  weighed,  is  treated  with  concentrated  aqueous  ammonia, 
which  dissolves  silver  chloride,  leaving  the  silver  iodide  intact.  The  silver  chloride 
held  in  scdutton  by  ammonia  is  then  predpitated  by  adding  nitric  acid,  its  weight 
determined,  and  horn  the  latter  the  amount  of  chlorine  and  iodine  chloride  calculated. 
By  SAbtracting  the  amount  of  iodine  which  was  present  in  the  form  of  iodine  chloride 
mm  the  total  amount  of  iodine  found,  the  weight  of  free  iodine  present  is  obtained. 

line  is  used  in  considerable  quantity  in  medicine;  and  in  making  a 
of  pharmaceutical  preparations,  such  as  potassium  iodide,  mercurous  iodide,  and 
iodide,  etc.  Mercuric  iodide  is  further  used  an  a  red  pigment.  However, 
the  greatest  consumption  of  iodine  is  in  photography,  in  the  form  of  pota88ium  iodide. 
Iodine  is  also  used  for  producing  certain  aniline  dyes*  It  is  finally  a  very  important 
and  necessary  sabstance  in   many  chemical  analyses  and  other  operations  of  the 


• — Iodine  resembles  chlorine  and  bromine  in  its  chemical  relations 
and  oompoimds.  The  hydrogen  compound  HI,  or  hydriodic  acid,  is  a  colourless 
gas  solnble  in  water ;  it  is  decompos^  by  chlorine  and  by  bromine  with  formation  of 
hydrodilatic  or  hydrobromic  add  and  liberation  of  iodine.  The  iodides  are  deoom- 
posed  in  the  same  way,  and  by  hydrochloric  or  hydrobromic  acid,  with  formation  of 
ojdbk)dic  add  and  chlorides  or  bromides.  Some  of  the  metallic  iodides  are  remarkable 
for  their  brilliant  colours,  but  in  most  other  respects  they  have  a  general  analogy  with 
the  chlorides  and  bromides. 

Iodine  combines  with  chlorine  in  two  proportions,  forming  a  monochloride  Id, 
and  a  terehloride  ICl, ;  it  also  fbrms  with  bromine  a  monobromide  IBr,  and  another 
coflBponnd,  probably  IBr«. 

The  oxygen  compounds  of  iodine  that  are  known  are  iodic  oxide  1,0s  ^^^  V^r*  ^^^^ 
of  which  combine  with  water  and  basic  oxides,  forming  saline  compounds,  respectively 
termed  iodates  and  periodates,  the  hydrogen  salts  being  iodic  acid  HlOg,  and 
periodic  acid  HIO«.  The  iodates  correspond  generally  with  the  chlorates  and 
Dfomates,  aad  are  formed  in  the  same  manner.    The  periodates  correspond  with  per- 


FLUORINE. 

SniBOL  F.     Atomic  Wkoht  19. 

History. — Tho  analogy  between  hydrochloric  acid  and  the  acid  obtained  by  de- 
composing fluorspar  with  sulphuric  acid  was  first  suggested  in  1810  by  Ampire,  who, 
on  this  ground,  assumed  the  existence  of  an  elementary  substance  similar  to  chlorine, 
and  regarded  the  acid  obtained  firom  fluorspar  as  being  a  hydrogen  compound.  This 
view  wiis  more  fully  established  by  Sir  H.  Davy,  J.  Davy,  and  Boxelins,  between  1812 
and  1823. 

The  name  fluorine  was  applied  to  this  substance  as  indicative  of  its  being  a  con- 
stituent of  fiuor  spar,  so  called  from  the  Latin  word  fluo,  on  account  of  its  effici^  as 
a  flux  in  promoting  the  fusion  of  certain  minerals,  etc 

Ooouirenoe. — Fluorine  occurs  only  in  a  state  of  combination,  chiefly  with  oaleiiiffi 
as  fluor  spar ;  also  combined  with  aluminum  and  sodium  as  cryolite^  with  aluminum 
and  silicon  in  topaz,  and  with  cerium  and  yttrium  in  fluocerite  and  YttroeeriteL 
In  smaller  amounts  fluorine  occurs  as  calcium  fluoride  in  apatite,  and  m  other  fonns 
of  combination  in  wavellite,  wagnerite,  and  a  number  of  other  minerals.  Bones 
both  fossil  and  recent  contain  traces  of  fluorine,  and  in  very  minute  proportionf  it 
occurs  in  the  water  of  some  mineral  springs  and  riyers,  as  well  as  in  certain  plants. 

Oluuraoters. — Although  the  probability  that  this  constituent  of  the  mineral  known 
as  fluor  spar  is  an  elementary  substance  is  now  tolerably  beyond  question,  and 
though  its  analoery  iQ  this  respect  with  chlorine,  bromine,  and  iodine  has  oeen  for  some 
time  established  by  the  study  of  its  various  compounds  by  Davy  and  Berselius,  little 
is  yet  known  of  the  characters  of  fluorine  in  a  free  state ;  for,  on  account  of  its  powerfol 
action  upon  almost  all  materials  ordinarily  used  f  )r  constmcting  chemical  apparatus, 
it  is  doubtful  whetiier  fluorine  has  ever  been  isolated,  and  certainly  it  has  nerer  been 
obtained  in  su<.h  a  condition  that  its  characters  could  be  determined. 

Oompounds. — The  substances  consisting  of  fluorine  in  combination  with  some 
other  elementary  substance  are  termed  fluorides,  and  are  analogous  in  constitution  to 
the  chlorides,  bromides  and  iodides.  Most  of  these  salts  are  solid  substances,  and  an 
not  decomposed  when  heated  in  a  diy  state ;  but  many  of  the  fluorides  containing 
metals  are  readily  fusible  and  some  of  them  are  volatile ;  the  hydrogen  compound  W?, 
known  as  hydrofluoric  acid,  is  gaseous;  the  compounds  of  fluorine  with  silioon 
SiF4  and  with  boron  £F,  are  also  gaseous. 

The  alkaline  fluorides  are  soluble  in  water  and  crystallisable ;  those  of  the  earthy 
metals  are  almost  insoluble  ;  but  several  of  the  metallic  fluorides,  for  instance,  the  tin 
and  silver  salts,  are  readily  soluble  in  water,  and  hydrofluoric  acid  dissolves  in  aboot 
twice  its  weight  of  water. 

Many  of  the  fluorides  combine  together,  forming  definite  crystallisable  double  salts ; 
thus  potassium  fluoride  combines  with  hydrofluoric  acid,  forming  a  crystallisable  salt 
the  composition  of  which  is  KF.HF.  This  capability  is  very  characteristic  of  the 
fluorides,  and  a  number  of  similar  salts  are  known,  among  which  the  sodinm* 
aluminum  fluoride,  3NaF,AlF^  occurs  naturally  as  cryolite. 

Silicon  fluoride  combines  with  hydrofluoric  acid  or  with  metallic  fluorides,  forming 
compounds  called  fluosilicatesor  silicofluorides ;  the  composition  of  the  hydrogen 
compound,  fluosilicicacid,  is  represented  by  the  formula  HjSiF,.  The  same  sub- 
stance is  formed,  together  with  silica,  when  silicon  fluoride  is  decomposed  by  water,  as 
shown  by  tho  following  equation : 

SSiF,  +   2H,0     =     SiO,  -i-   2H^iF^ 

Potassium  fluoride  also  combines  with  silicon  fluoride,  forming  potassium  fluoeilicate, 
a  salt  corresponding  to  the  hydrogen  compound  fluosillcic  acid,  and  represented  by  the 
formula  2KF,SiF4,  or  E^SiF,.    These  compounds  correspond  to  ordinary  silicates,  sis 
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Mooie  propoiticma  of  the  monorftlent  fllement  fluorine  taking  the  plAce  of  three  atomio 
pnportiaaa  of  ths  difalent  element  oxygen. 

Similar  composnds  are  formed,  together  witb  water,  vhen  Btlica  or  nlieataB  are 
uttd  upon  bj  bjdniBnoric  acid  ;  thoB  ^cium  lilieate  yields 
CaSiO,  +   8KF   -  CaSiF,   +   SH,0. 
The  flnoailieatei  are  moetl;  soluble  in  Tiator,  bnt  the  potassinm  and  barinm  salt! 
■IB  tery  Bparin^ly  aolnhle. 

Boron  flnoride  BF„  atannic  Buoride  S11F4,  and  UtaDle  flnoride  TiF„  form  Tttb 
kjdnfluoric  acid  and  with  the  melsllic  Suoridss  similar  eompODadB.  which  are 
alltd  boroflnoridei  or  fluoborates,  flnoBtannateB,  and  fluotitanstea, 
■Iti  comspondtDe  to  bonites,  staDnstea,  and  titanatas  in  the  eaiae  manner  that  tlte 
li>illc*tw  are  i^ted  to  silicates,  bj  contaiaing  fluorine  in  the  place  of  o^gen. 


nsBorKVOBio  jlozd. 

FoaxoLA  HF.    Molbcclib  Weioht  20. 

MlMttrf. — The  corriieire  action  exemsed  upon  glnss  by  a  mixture  of  floor  spar 
ui  iilpbnTic  acid  was  known  as  long  since  as  IGTO,  aud  it  was  probably  turned  to 
tnedcal  aeoonnt  for  etching  glass  in  1 7^6  ;  ^ut  nothing  defloite  was  theo  known  of 
lilt  nbitaaee  to  which  this  effect  vas  dne ;  and  thongh  Scheele  suggested  that  it  was  a 
picsliu  uid  existing  in  fluorspar  in  combination  with  lime,  the  corrosion  of  tbe  vessels 
Md  is  pnfmring  the  acid  prerented  ita  true  character  from  being  recognised,  until 
^npira  mzgeMed  that  the  constitatjon  of  tii'u  acid  was  analogous  to  that  of  bydro- 
^Ivitidi  and  this  Tiew  was  soon  Kilerwitrds  mnfirmed  by  Bary  and  Berzelios. 


CkaiaoMn- — Bydroflnorie  add  is  a  ooloozlese  gai  which  forme  dense  irritating 
tuti  in  centACt  with  moist  air,  and  is  copionsl;  absorbed  by  wjitar.  It  condenses  at 
-IS' te  1  thin  liquid,  haring  a  spedflcgiBTit^  of '988.  and  boiling  at  19°'4.  When 
^u  diy  it  doe*  nut  act  npon  glass  or  upon  moat  mctala  ;  but  when  moist  it  reacts 
''■^ijvith  potasaium  or  sodium ;  mixed  with  water,  it  Bvolvesgrent  heat  and  forms 
•  nliMairtiieh  hasaspectfic  gravity  of  1 '06  and  is  very  caustl^  producing  painful 
■km  m  iha  skin.  It  dissolree  metals,  forming  fluorides,  with  ovutution  of  hydrogen ; 
jtho  ilMolrea  silicon,  forming  silicon  fluoride 
aF,  thjcb  eombinn  with  another  portion  of 
^  ^jdioBnaric  add,  forming  fluosilicic  scid 
°^S,  Silica  and  silicates  are  also  readily 
?"^wd  by  hydrofluoric  acid,  forming  silicon 
wid^  iMtsIlic  flnorides,  and  water. 


.  in. — Hydrofluorieacid  isprepsired 

■  potly  hotiiig  &  mixture  of  fluorspar  and  con- 
ntaiMl  nlphuric  add.      Tbe  reaction  taking 
f"*  is  lenMunted  by  the  following  equation  : 
Ctf,  +  H^,    -    CaSO,  +  2HF. 
l«iMg  ealotioD  of  the  add  is  now  prepared  Fio.  118. 

"  Mduw  glaM    by   diatilling   a    mixture    of 

(""■•"l  flnor  spar  with  twice  its  weight  of  concentrated  snlphurie  acid,  in  a  leaden 
|||">(«aatnuM  in  the  maanei  represented  by  flg.  US.  The  acid  is  condensed  in  the 
'"''*  toha  fltted  to  the  beak  of  the  retort  and  snmmnded  bf  a  freeiing  mixture. 
j'Mar-Hydroflnoric add  is  naedfor  etching  glua, and  udsolTent  in  the  aiialytiii 

^  b^  euM  the  gaaeoua  add  is  often  used,  and  the  subatanee  to  be  acted  npon  is 
^■"dad  in  aa  atmosphere  of  the  gas  generated  tnm  a  mixtun  of  flnor  spar  and 
^rvie  leid,  in  a  ssitable  leaden  chambw ;  when  lilicstea  are  deeompoMd  in  tiiia 
*sy  Ev  sgsjjiis,  platinum  ressels  must  be  naed. 

Is  Hdiing  glass  it  is  flnt  coated  with  a  thin  layer  of  wax,  and  the  deaign  tne«d  in 
^  *u  N  as  to  cxpoae  the  glass  where  the  action  of  the  add  is  required. 


BORON. 

Symbol  B.    Atomio  Wwxamr  11 


Slstory. — This  elementary  subetance  was  iaolated  by  Gay-Loane  and  Thanaid  i 
1808  and  abnoet  at  the  tame  time  by  BaTy. 

OoomreBee. — Boron  does  not  oeeur  naturally  in  the  free  state,  but  only  in 
bination  with  oxygen  and  hydrogen  assassolin^or  with  oxygen  and  ▼anoof 
oxides  in  the  form  of  borates,  as  in  tincal,  boraeite,  nTdroboraeite^ 
datolite;  in  smaller  amount  it  also  occurs  in  tourmaline  and  some  oChar 


ClMimoters* — Boron  is  a  solid  substance  capable  of  assnmingtwo  <1»^^m^  w^tt^Mim. 
tions — amorphous  and  crystalline.  In  the  amorphous  state  it  is  a  dazk  gnmUk 
brown  powder,  destitote  of  taste  or  smell ;  it  is  very  slightly  soluble  in  water,  to  iriM 
it  gives  a  sliffht  colour,  and  it  stains  the  skin  brown.  At  the  ordinazy  tamperatmit 
does  not  oxidise  by  exposure  to  atmospheric  air ;  when  heated  it  doaa  not  ash  * 
sublime,  but  at  about  300^  it  takes  fire  when  in  contact  with  air  and  bnnia  viA  • 
reddish  light,  forming  boric  oxide  B^O,. 

Crystalline  boron  presents  the  form  of  octahedrons  of  a  yellow  or  leddiih  eote 
with  considerable  lustre,  hardness,  and  refractire  power ;  the  specific  gEavitj  li  S^ 
In  this  state  boron  is  oxidised  only  at  a  very  high  temperature,  and  is  not  acted  wgKB 
by  acids  or  solutions  of  caustic  alkalies,  but  in  the  amorphous  condition  bona  ii 
oxidised  by  nitric  acid  or  sulphuric  add. 

Compoiinda. — Borou  is  a  triralent  element,  and  its  compoonda  with  fiwte 
chlorine,  brondne,  oxygen,  and  sulphur  have  the  formulae  BF„  BCl^  BBr^  ^fim  V^ 
The  most  important  compounds  of  boron  are  the  oxide  B,0„  and  the  saline  tnbstiastf 
it  forms  with  basic  oxides,  which  are  known  as  borates,  the  oompound  with  virttf 
B,0,3H,0,  or  the  hydrogen  salt  H,BO„  being  termed  boraeie  acid. 

The  borates  corresponding  in  composition  to  boracic  acid,  and  oontainii^  tbit 
atomic  proportions  of  a  monoTalent  element  or  corresponding  proportions  of  polyfsM 
elements,  to  one  atonuc  propoftion  of  boron,  are  probably  the  normal  or  aeottslattit 
but  many  of  the  borates  contain  larger  proportions  of  bone  oxide,  thnsoirdittaiy  so£i* 
borate  in  the  anhydrous  state  contaihs  two  molecules  of  boric  oxide  combtnad  wiA  ob* 
molecule  of  soda,  and  is  represented  by  the  formula  Na20,2B|0,. 

Tlie  borates  containing  boric  oxide  and  oxides  of  monovuent  or  difalant  mstilf  b 
equal  molecular  proportions  are  termed  metaborates,  and  they  are  often  gvfnKfUi 
aMording  to  the  formula  MBO, ;  thus  the  salt  obtained  by  melting  together  so^vB 
carbonate  and  boric  oxide  in  molecular  proportions  has  in  the  uihydrous  state  a  cob* 
position  corresponding  to  the  formula  Na,0,B,Oa » 2NaB0, ;  in  the  hydrated  itiM 
this  salt  contains  four  molecules  of  water,  and  may  be  represented  by  the  ftanl* 

NaB0,-i-4H,0,  or  as  j^|  B0.  +  3H,0.    Borates  oontaming  excess  of  borio  oai^ 

may  be  represented  as  compounds  of  a  metaborate  with  boric  oxide^  and  aoooidi^t* 
this  view  ordinary  sodium  borate  would  be  2NaB0,  ••-  B,0,. 

Boric  oxide  is  formed  when  boron  is  burnt  m  oxygen  gas,  or  when  the  IndnHA 
oxide,  boraeie  acid,  is  heated  to  redness  and  its  water  separated.  The  mslM  iMBi 
oxide  solidifies  on  cooling  to  a  brittle  glassy  mass,  which  has  a  slis^  btttff  ttfhk 
and  dissolTes  slowly  in  water,  forming  boracic  acid  by  combination  iHuapoctloBof  ifti 
water ;  it  also  dissolves  in  alcohol,  and  renders  the  flame  of  the  alcohol  green.  Boril 
oxide  does  not  sensibly  volatilise  when  heated ;  melted  with  basic  oxides,  it  iiiiiiMStt 
them,  forming  borates;  and  at  a  high  temperature  it  displaces  other  add  ozidsstaii 
great  number  of  salts,  combining  with  the  basic  oxides  to  form  borates. 

Boric  oxide  occurs  in  a  number  of  minerals  in  the  form  of  borates :  as  boraeiU 
(magnesium  borate  and  magnesium  chloride),  as  boronatrocalcite  (sodium  bos 
with  caldum  borate),  as  hydroboracite  (caldum  and  magnedum   bonto)^ 
lagonite  (iron  borate),  as  larderellite  (ammonium  borate). 

Many  of  the  compoiuds  of  boric  oxide  with  bade  oxides  are  but  sparingly 

in  water,  but  the  alkaline  borates  dissolve  readily  in  water,  and  thoa^^thi|y  sis  wM 


BORAOIO  ACID.  187 

nll%  the  nftlfltkwiff  ooloiir  litmnB  wine-red  or  eyen  blue  when  they  are  dilute.  The 
moet  important  of  the  borates  is  the  acid  sodinm  salt  Na,02B20a  +  10H,O,  which 
oeems  naturalljin  the  water  of  certain  lakes  in  Persia,  India,  and  other  parts  of  Asia, 
and  ia  known  under  the  name  of  tinoal  and  magnesium  borate  or  boracite. 


BOSAOZO   AOZB. 

FosicuiA  H,BO,.      MoiaoDLAs  Wsigbt  68. 

J. — ^The  first  mention  of  boradc  add  is  bj  Becher  in  1674^  who  described 
it  as  a'  Tolatile  salt'  obtained  hj  heating  together  oil  of  yitriol  and  borax.  The 
preparation  of  this  substance  was  first  described  with  aocuraqy  in  1708  hy  Homberg. 
SCahl  and  Lemery  gaye  new  methods  of  preparing  borado  add,  and  its  composition 
WIS  determined  bj  Qay-Lussac,  Thenard,  Dayy,  and  Berselius. 

Formerly  the  only  source  of  boracic  add  known  was  the  t  i  n  ca  1  coming  from  Asia ; 
bat  in  1777  Hofer  found  it  in  the  lagoons  of  Monte  Botondo  in  Tuscany,  and  in  1788 
Westmmb  determined  its  presence  in  boracite.  Boradc  acid  was  not  employed 
indnstrially  util  1776. 

Pmiiiencie. — Boracic  acid  occurs  naturally  as  sassolin  in  volcanic  districts 
tostther  with  sulphur.  In  the  Lipari  Ldands  and  some  parts  of  Tuscany,  laree  quan- 
titiea  of  borade  add  are  brought  ud  to  the  surface  of  the  earth,  together  with  steam. 
TlLese  Tapour  springs,  called  suf fioni  or  fumaroles,  form  marshes  and  lakes,  and 
file  bmrtfT^  add  is  held  in  solution  by  the  condensed  water. 

Tlie  fionnation  of  boradc  add  in  the  interior  of  the  earth  has  been  the  sulnect  of 
maefa  fpeeiilation.  Dumas  ascribes  it  to  the  action  of  sea  water  upon  boon  sulplude, 
sulphurated  hydrogen  bdng  formed  at  the  same  time.  BoUey  supposes  it  to  be 
ptodqeed  bj  the  action  of  ammonium  chloride  vapour  upon  borates ;  K.  Wagner  and 
Wanngton  suggest  that  boracic  add  may  be  formed  together  with  ammonia  by  the 
draomposition  of  boron  nitride  by  water.  Bischof  considers  that  boradc  acid  is 
Kbsralod  in  the  interior  of  the  earth  by  the  action  of  superheated  steam  upon  minerals 
eoBtaining  the  add,  especially  turmalin. 

The  fomazole  vapour  contains,  according  to  Payen,  finely  divided  solid  substances 
flsediaaieally  suspended,  such  as  caldum,  magnesium,  ammonium  and  iron  sulphates, 
■laDaanoas  sulphate,  alumina,  hydrochloric  acid,  organic  substances,  clay,  sand,  a 
small  quantity  of  boradc  acid,  and  a  peculiar  volatile  oil.  The  gaseous  constituents 
vary,  as  may  be  seen  from  the  following  table : 

I.  n.  in. 

Sulphuretted  hydrogen  .        ...  4*1  8*7  {         aa.i 

GMooicadd 91-6  90-7(        ^^  ^ 

O^gsn 0'  0-  2*7 

intZQgen  and  combustible  gases     .  4*3  6*6  12*8 

100  100  100 

Hie  unahsorbable  gas  comnsts,  according  to  Payen,  of — 

HHrogen 48*86 

HjdrageB 88*66 

Manhgaa ,        .        .        2809 

100 

Libkae  and  Derille  found   the    fhmarole  vapour   to  oontain  98*6  per  cent, 
cubonie  sdd  and  6*4  per  cent,  sulphuretted  hydrogen. 

Okanetnm. — The  boradc  acid  of  commerce  forms  white  scaly,  shining  crystals, 
vliieh  OB  heating  give  up  the  entire  amount  of  water  contained  in  diem,  melting  to  a 
^i^upsieDt  mass,  which  solidifies  on  cooling  to  a  colourless  glass.  Boradc  add  is 
^▼•ly  soluble  in  water,  requiring  for  its  solution  25'6  parts  of  water  at  16^,  but 
^  ^  parts  at  100^.  It  is  also  soluble  in  alcohol  and  wood  spirit,  and  these  solu- 
^  hun  with  a  gxeen  flame  when  ignited.  The  aqueous  solution  of  borado  add  has 
^  i  fsiy  sligkt  add  taste ;  it  colours  blue  litmus  paper  purple,  and  turmeric  paper 
'*^iih  Wwn.  Although  aqueous  boradc  add  is  but  a  weak  acid,  boric  anhydride 
^P^  St  a  red  heat  nearly  all  other  acids,  even  the  strongest,  from  their  compounds, 
vpoa  Sillily  an  aaueous  solution  of  boracic  add,  condderable  quantities  of  tha 
*^  !•■■  ow  with  ue  steam. 


I  ebt^ned  from  the  nU 
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Vrepftimtlmi. — Moat  of  the  boisdc  acid  of  ca 
or  famaroles  of  Tusc&d;. 

To  obtain  Uib  boncic  odd  tbe  BufGoni  are  surcouuded  with  laaiDi  of  imj 
masomy,  callad  lagooas,  Hreral  (^  which  an  arranged  in  Btops  one  above  th»  odi 
{i,  u,  0,0  a,  r  a  B  figs.  llSand  120)  Tbe  contuiU  of  the  flnt  l^n  pus  ihioajd  Cl 
tubes  (a  to  th   haasa    ex   bel  w  nd     rom  thence  lotu     sbll  low* 


Freah  water  inim  a  Dughbouring  apriog  is  conducted  int(  _,  ^  ..  _ 

gnscs  iind  vapours  from  the  fuinaroles  rise  thntuj^h  this  water  from  baoaatll,  t3 
action  being  otlon  violent  euougb  to  cauite  the  ejoction  of  the  water  contMHad  Uk. 
banns  to  u  height  of  sevonil  fvct.  After  the  Inpse  of  21  hoois  the  liquor  in  the  : 
basin  is  geneiatly  muddy  and  is  tliun  conducted  through  A  into  the  second  baan  (c 
tlie  fiist  baain  being  rechai^ed  with  fresh  water.  After  anotlier  lapse  of  24  honrw 
contents  of  the  second  basin  (c  d)  arc  passed  into  the  third  basin  (■  r),  the  coatcaUi 
the  Srst  into  the  second,  and  so  un,  until  the  liquid  has  pasK-d  throogh  fonr  or  fl 
hasius.  Frumtho  last  lagoon  (o  n,  fig.  120)  the  solution  passes  into  the  threeiMtangvIi 
reBor<roirs([  J  K,  figs.  12(1  and  121),  where  it  deposits  solid  earth;  constituents.  ItMthl 
JocaoCed  and  brought  into  the  eviiporating  pons  (l.  >i,n,  □,  p.  q,  Bg,  120),  ^licft  Ml 
placed  in  couples,  one  above  the  other.  These  paDBara  heated  by  tbe  cases  ajjd  t*(imb 
it  fomaroles  thst  on  account  of  their  situation  admit  of  no  other  utilisation.  Fat  tb 
purpose  such  fumaroles  are  enclosed  with  woodwork,  and  their  vapoors  eondniHiii 
brick  flues  under  tbe  evaporaling  pens.  The  condensed  water  collects  at  the  Ucc 
of  the  flue,  and  tbe  uncoudensed  gns  and  vupour  escape  from  beneath  the  npp' 
most  pan  into  the  air.  Tbe  erapomting  pans  arc  square,  about  a  foot  deep  and  t  C' 
tiquare ;  the;  are  supported  on  wooden  beams.  The  solution  decanted  Emm  tlu  t^ 
reservoir  (k)  is  disthbuted  in  the  first  eight  pa  an  (LL.  wu,  hh,  0  o)  and  heatsd  Sk- 
hours.  When  tlie  solution  hue  attained  a  density  of  1017  it  is  again  decsntad  i* 
the  pans  (f  p,  a  a)  in  which  it  remninH  cnother  24  hours,  and  is  concentrated  to  lO' 
and  is  then  Anally  evaporated  in  the  laet  four  pans  to  a  sp.  gr.  of  1-070.  The  tsmp^ 
ture  of  the  solution  gradually  increases  on  lis  pasange,  being  in  the  flnt  [>* 
aboat  S0--71°  C,  in  the  following  pans  about  75°  C,  and  in  the  last  pans  the  tempW 
ture  is  as  high  as  80°  C.  In  all  these  pans  a  precipitation  of  gypsum  t^sa  plae 
which  requires  to  be  removed  irom  time  to  time.  Thi^  solution  contained  in  the  Jm 
four  mo*  having  asp.  gr,  of  1070.  is  run  through  the  funnels  (a  a,  flgi,  120  SDCl  HI 
into  the  CTjBtBlllning  rate  (s  s,  Uga.  1211, 121  and  122)  comiiecing  of  wooden  tube  lined  will 
lead.    The  ciyetallisation  is  complete  at  the  end  of  21  boure;  the  mother  liquor  is  t^ 
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(ii,  tg.  123),  and  kfbs  24  hounthe;  ue  sprrad  oat  upon  the  bottom  of  » luge  dry- 
ing OTaii(cc,flg.  123).  Tba  hsating  iri' this  oran  is  likeinse  effected  by  Uia  vnpoui  &am 
tlu  famarolaa,  which  ia  led  nndsr  the  botlom  of  the  otsd  ia  the  direction  irom  A  to  B. 
Tkt  layer  Of  bondc  add,  genprsUy  about  two  or  three  inches  thick,  is  stirred  at 
iBtorals.  so  as  to  aamat  the  drying,  vhich  ii  complete  at  the  end  of  21  hours.  An 
•ppantua  of  the  aboTe  kind  yields  at  each  operatjon  abont  200  lbs.  of  boradc  acid. 

At  the  present  tame  there  are  ten  liotaeic  acid  works  in  operation,  viz.  at  Monts 
Cerboli,  Larderello,  San  Fcderigo,  Castel  NiKiTO,  Suro.  Uonte  Rotondt^  Lnstignano, 
Senaiuano,  J^go  and  Sen  Edusjdo.  Each  of  these  works  has  from  8  to  3S  lagoons, 
100  to  200  feet  in  diameter. 

!t  may  be  mentioned  here  that  the  water  of  the  large  lake  of  Monte  Botondo, 
which  haa  a  Burftca  arra  of  18^  acres,  has  recently  been  worked  for  boradc  acid. 
The  water  of  this  lake  contained  originally  1  part  in  2000  of  boncic  acid,  hut  has 
1«en  conceatrated  Co  2  parts  in  1000  ^diggingaditebtcnnd  the  1^  so  as  to  beep  off 
the  rain  and  tuiAce  water. 

Of  late  artificial  auffiooi  have  been  fbnned  by  boring  a  kind  of  artesian  well  and 
nmonding  it  with  a  lagoon.  According  to  Durral,  artificial  luffioni  have  been 
buad  to  a  depth  of  ISO  to  200  feet  in  the  vicinity  of  Honte  Botondo,  and  thus  yield 
an  (aimal  sopplj  of  oTer  200  tons  of  boradc  add. 


Fio.  121 


A  Bion  modem  and  improrea  etaporatinKiipjaralus  is  represented  in  flg.  12i.  After 
tha  aolntion  in  the  rssermirsfa  r)  ha*  depuHitpd  all  tlie  snspended  mud,  it  is  decanted 
irto  a  na  (c)  and  thence  run  int«  a  elieliCl}- indincd  troni-h  mudp  of  a  sheet  of  lend  6 
feet  wide  and  130  to  160  feet  Inng,  with  the  olf^s  tnmed  upwards  This  trough  has 
m  BEidnlatory  form ;  it  rents  npoa  wooden  eleepere,  and  is  heated  by  the  fumarole 
TBpovr.    lie  aolntion  of  boracic  acid  to  passing  over  thin  heated  ini^e  becomes  xl 


eupfUttatsd  that  it  is  ready  fbr  crystallising  hb  it  runs  off  nt  the  other  end.  It  is 
lullwtsll  for  this  purpose  in  a  tcsscI  (r).  and  trcaled  in  the  way  nl«re  described. 
n*  tamaida  nponr  pMses  first  of  nil  nnder  t}ic  rcsorvoir  (r).  Ihencu  under  the  lowest 
put  «f  the  indined  lead<-n  troai;h,  and  ascends  nnder  tlic  evaporatinj;  pan  (c). 

f^  pcepaiation  of  boradc  acid  bom  boraeite  was  at  one  time  attempted  at 
it,  bathM  bern  f(iren  np.    Tlic  borjcite  occurring  at  Stassfort  is  sol'l  direct  to 
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I. — The  boiacie  add  obtamed  in  the  .ftbore  mumer  from  ftomiolt 
not  pore.  The  ioUowiog  analyns  bj  Payen  ahows  the  Taiying  oompoeition  of 
haiacicacid  : 

Grjitalliaed  boiaeic  acid      ....        74*00 — 84*00  per  eent 

a  4 1*6 — 47  anhydiDUB  oxide. 

Hygroeoopical  -water 7*00 — 6*76 

Ammonimn  snlpbAte  and  magnesium  sulphate      14*00 — 8*00 
Oalcium  sulphate,  clay,  sand,  sulphur  .  2*40 — 1*26 

Organic  substance,  Tolatile  oil.  1 

Ferrous  chloride,  ammonium  chloride  >        2*60 — 1*00 

Hydrochloric  add        •        .        .        .         )     

100*00      100*00 

The  following  table  gives  the  results  of  two  analyses  by'H.  Vohl : 

Crystallised  boracic  add       ...        *  80*0912  86*1924 

Hygroscopic  water 4*5019  1*6240 

Sulphuric  acid 9*6136  7*8161 

Silica 0*8121  0*6861 

Sand 0-2991  0*4164 

Zinc  oxide 01266  00481 

Manganous  oxide 0*0031  traces 

Alumina 0*6786  0*1786 

Lime 00109  traces 

Magnesia 0*6080  traces 

Potash 0*1801  0*4134 

Ammonia             2*9891  3*0889 

Soda 70029  taraoes 

Ammonium  chloride 0*1012  0*0321 

Organic  substance,  and  loss  0*0918  0*0449 

An  advantage  would  be  gained  by  submitting  the  raw  boracic  add  to  a  procflV  ^ 
purification  on  the  spot,  inasmuch  as  a  marketable  product  of  constant  oompositK* 
would  then  be  obtained,  and  the  removal  of  the  impurities,  amounting  to  about  21  Pff 
cent.,  would  lessen  the  cost  of  carriage.  Payen  proposed  the  following  metixn  of 
purification.  The  liquor  before  being  admitted  into  the  crystallising  vessel  is  VKJ 
carefidly  decanted,  in  order  to  remove  sand  and  day,  and  the  cmtals  obtained  M^ 
the  dear  decanted  liquid  are  submitted  to  a  methodical  washing.  The  wash  water  isool- 
lected,  and  the  boracic  acid  obtained  from  it  is  treated  in  other  piirifying  operatioflfi 
The  mother  liquor  might  also  be  distilled  with  caustic  lime,  and  the  ammonia  M^^ 
collected  in  sulphuric  add  of  specific  gravity  1*550.  Besides  this,  Fkyen  reoQomMBOi 
drying  the  purified  acid  at  a  temperature  of  100®,  until  it  has  given  off  one  hilf  ^ 
its  water  of  crystallisation.  Since  100  pounds  of  add  ]purified  and  dried  si  •iM't 
correspond  to  160  pounds  of  raw  acid,  the  adoption  of  this  plan  on  the  spot  wonld  M 
doubt  well  repay  the  labour  involved  in  carrying  it  out 

douet  proposes  mixing  the  crude  boradc  acid  with  4  per  cent,  of  nitric  lA 
the  mixture  being  allowed  to  stand  a  short  time,  and  then  heated  in  a  stove.  Oiff^ 
substances  are  thus  destroyed,  and  ammonia  salts  volatilised. 

Boradc  add  is  generally  purified  by  recrystallising  it»  and  in  some  cases  solvtUB* 
of  the  add  are  treated  with  animal  charcoal. 

Vaes. — The  chief  use  of  boradc  acid  is  in  the  preparation  of  borax.  It  is  >^ 
used  for  glazing  porcelain  ;  a  solution  of  1  part  of  boracic  acid  in  100  parts  of  m^ 
is  used  for  soaking  the  wicks  of  stearine  candles.  Boracic  acid  is  also  used  for  eteltt98 
iron  and  steel,  for  preparing  flint  glass,  certain  chrome  greens,  pigments,  etc.  It  ^ 
been  also  proposed  to  use  boracic  acid  for  the  preparation  of  nitric  add  fxatn.  CShili  ^ 
petre,  so  as  to  obtain  borax  as  a  by-product.  Boradc  acid  is  also  used  as  a  labcziMlf 
reagent. 


SILICON. 

Stmbol  Si*    Atomic  Wbioht  28. 

r. — This  elementary  substance  "was  first  isolated  bj  Berselius  in  1823,  but 
iti  probable  existence  as  a  constituent  of  silica  had  been  suggested  bj  Lavoisier  some 
^^rs  prsrionsly,  and  it  had  actually  been  obtained  in  an  impure  state  by  Davy  and 
MTm^hus. 


u — Silicon  occurs  only  in  the  state  of  combination  with  oxygen  as 
in  a  yariety  of  forms, such  as  quartz,  flint,  chalcedony,  opal,  sandstone 
ttd  sand,  also  combined  with  various  basic  oxides  as  silicates,  constituting  a  great 
V'^etj  of  minerals,  rocks,  etc.  Next  to  oxygen  it  is  probably  the  most  abundant  of  all 
^  elementary  substances. 

Cniaracrtars. — Silicon  is  a  solid  substance  capable  of  assuming  three  conditions , 
ID  tile  amorphous  form  it  is  a  dense  brownish  powder  insoluble  in  water,  nitric  acid, 
or  hydrochloric  acid,  but  readily  dissolved  by  hydrofluoric  acid  and  solution  of  caustic 
alkalies.  When  heated  out  of  contact  with  atmospheric  air,  it  melts  at  a  veiy  hieh 
t<>aptnture,  and  when  heated  in  the  air  it  bums  and  is  converted  into  silica.  In  t£e 
Rf^phitic  state  silicon  has  the  form  of  hexagonal  crystals,  and  a  density  of  2*49  ;  it  con- 
<^i>ct«  electricity  and  is  not  dissolved  by  acids,  but  is  slowly  dissolved  by  solution  of 
caostie  alkalL  Silicon  also  crystallises  and  assumes  the  form  of  hexagonal  prisms  of 
*  <^rk  steel-grey  colour. 

€1— ynwHa — Silicon  is  tetravalent,  and  in  its  chemical  relations  presents  con- 
querable analogy  to  carbon.  It  combines  with  hydrogrn,  fluorine,  chlorine,  bromine, 
^^kur,  and  oxygen,  forming  compounds  represented  by  the  formulee  SiH^,  SiF|,  SiCln 
^^r^,  SiS^  SiO, ;  it  also  combines  with  several  metals,  forming  silicides,  but 
JJ****)  fabftances  are  little  known,  and  they  do  not  generally  possess  any  industrial 
™^«v«st.  There  is  but  one  oxide  known,  which  has  a  composition  represented  by 
^^  formula  SiO,,  and  is  called  silicic  oxide  or  silica;  it  combines  with  basic 
^*^^«e,  forming  a  numerous  class  of  saline  substances  called  silicates,  which  fre- 
^^ntly  eootain  excess  of  silica,  as  well  as  two  or  more  metals  or  basic  oxides,  and 
H^Hy  of  them  ase  double  salts.  Consequently  the  composition  of  the  silicates  is  often 
^^y  eooplez,  and  therefore  it  is  convenient  to  represent  these  substances  as  com- 
P^^^ndi  of  siliea  with  basic  oxides,  rather  than  by  formulae  like  those  bv  which  many 
i'^er  ssline  substances  are  represented.  The  composition  of  neutral  sihcates  contain- 
"'^  vespeettvely  monovalent,  divalent,  and  trivalent  metals  is  represented,  according 
to  both  methods,  by  the  following  formula : 

M'     SiO^  -  2M',  0,   SiO, 

W.  SiO^  »  2M''  0,  SiO, 

M'^SSiO,  -  2M"',0„3SiO, 

A  gnat  number  of  silicates  occur  naturally  in  great  abundance  as  minerals,  such 
**  felspar,  hornblende,  augitc,  etc. :  many  of  the  products  obtained  in  smelting 
**p^>iUioDs  and  known  as  slag,  as  well  as  the  various  kinds  of  glass  and  pottery  ware, 
**%>  consist  of  silicates,  and  the  characters  of  hydraulic  mortar  and  cements  are  due  to 
*^^lBinies  of  this  nature. 


Slide  oxide  combines  with  water,  forming  several  hydrates,  none  of  which,  how- 

^^^^t>,  have  a  composition  corresponding  to  the  neutral  silicates ;  they  are  readily 

^^^Qomnosed  into  anhydrous  oxide  and  water,  and  may  be  regarded  as  consisting  of 

|j;J*^try  hydrogen  silicate,  H^SiO^,  or  silicic  acid  combined  with  excess  of  silica. 

\^  gelatinous  precipitate  formed  on  adding  hydrochloric  acid  to  a  solution  of  alkaline 

''lictte  consists  of  hydrated  silicic  oxide,  which  is  insoluble,  or  only  very  sparingly 

'?^Me  in  wator  or  in  acids.    A  soluble  hydrate  is  obtained  by  adding  a  dilute  solu- 

^^  of  alkaline  silicate  to  a  large  excess  of  hydrochloric  acid,  and  separating  the 

*«kalioe  chloride  from  the  liquid  by  dialvsis ;  a  solution  may  be  thus  obtained  con- 

^»»ing  about  five  per  cent,  of  silica,  and  by  carefully  evaporating  the  water  it  maybe 

^^Hietotiated  till  the  amount  of  silica  in  solution  becomes  as  much  as  1 4  per  cent. 
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The  silicates  of  the  alkaline  metals  are  generally  soluble  in  water,  bot  the  otlft^ 
silicates  are  either  qaite  insoluble  or  onlv  rerj  sparincrlj  Folnble  in  irater.  Manj  « 
the  silicates  invJuble  in  water  are  decomposed  bj  hydrochloric  acid  or  sulphnric  aeMn 
and  the  «lica  is  either  dissolved  wholly  or  p  irtially.  or  it  is  separated  as  a  gelatinovi 
mass  or  in  a  pulremlent  state.  In  any  case,  however,  the  silica  thus  separated  beoooaa 
insoluble  when  the  liquid  containing  excess  of  acid  is  evaporated  to  dryness.  SooiK 
silicates  resist  the  action  of  all  acids  but  hydrofluoric  acid,  which  decompoMf  a11 
silicates,  converting  both  the  silica  and  the  basic  oxides  into  fluorides. 

Most  silicates  melt  when  sufficiently  heated,  and  assume  a  peculiar  structure  whicb 
is  termed  vitreous,  but  some  silicates  require  a  very  high  temperature  for  thflir 
fusion.     Those  silicates  are  most  fusible  which  contain  the  most  fusible  basic  oxid«f 
and  the  largest  proportion  of  basic  oxiie ;  hence  silicates  that  are  but  diflScultlv  fbaUs 
may  be  easily  melted  when  mixed  with  alkalies,  or  some  readily  fusible  banc  oxidfl^ 
such  as  litharge,  in  sufficient  proportion  to  form  fusible  silicates.     The  fnsibilitj  of  t 
mixture  of  silicates  is  generally  greater  than  the  mean  fusibility  of  the  several  silieatM 
in  the  mixture,  and  frequently  such  a  mixture  melts  at  a  lower  temperature  tiban  tiM 
most  fusible  of  the  silicates  present  would  require  by  itself.     On  account  of  this  fret 
it  is  of  great  importance  that,  in  metallurgical  operations,  the  addition  of  the  matwiili 
used  as  fluxes  in  smelting  ores  should  be  regulated  so  as  to  produce  slag  of  raitiUi 
character  in  regard  to  fusibility. 

Potassium  silicates  and  sodium  silicates  are  very  similar  in  their  genoil 
characters.  They  are  colourless  and,  in  the  vitreous  condition,  transparent  Hm 
compounds  KjO.SiO.  and  N.ijO.SiOj  are  easily  fuKible,  and  they  are  soluble  in  witSi 
forming  an  alkaline  solution  known  as  liquor  filicum.  The  silicates  containing  fao 
molecules  of  silica  and  one  molecule  of  potash  or  soda.  K30,4Si03  and  ya^O,^9iOp 
are  also  soluble  in  water,  and  constitute  the  materials  known  as  water  gUfi- 
Alkaline  silicates  containing  larger  amounts  of  silica  are  propordonatoly  less  fiisiUs 
and  less  soluble  in  water.  As  a  rule  the  sodium  silicates  are  more  fusible  than  tht 
corresponding  potassium  silicates,  and  in  the  vitreous  condition  they  have  greater 
brilliancy.  The  albiline  silicates,  when  melted  in  contact  with  other  silicates,  resdilj 
unite  with  them  in  almost  any  proportions,  forming  double  silicates,  the  fiisibilifefi 
colour,  and  other  characters  of  which  vary  according  to  the  nature  and  relatire  pio- 
portions  of  the  basic  oxides  they  contain.  The  different  kinds  of  glass,  enamslf  et&i 
consist  of  double  silicates  containing  alkaline  silicates  in  considerable  amount  X3m 
alkaline  silicates  do  not  rx:cur  naturally,  except  in  combination  with  other  silicitefi  ti 
double  salts,  such  as  felspar,  mica,  etc. 

Calcium  silicates  are  far  less  fusible  than  the  alkaline  silicates;  the  nMit 
fusible  compound,  represented  by  the  formula  CaO.SiO,,  requiring  a  yeiy  hi|^ 
temperature  to  melt  it.  This  silicate  occurs  naturally  as  wollastonitet  A 
disilicate  CaO,2Si02,2H,0  occurs  as  okenito,  a  sesquisilicatc  as  gyroUt^ 
3(CaO,3Si02)8H20.  Calcium  silicates  also  occur  in  combination  with  potsann 
silicate  as  apophyllite,  with  sodium  sili&itc  as  pectolite,  and  with  other silieafeei 
in  a  great  number  of  minerals.  Many  kinds  of  glass  consist  of  calcium  silicatea  coth 
bined  with  alkaline  silicates  ;  thus  Bohemian  h^  glass  has  a  composition  •ppcOD' 

2E.o'3Sio'  '  ^°^  ordinary  window  glass  has  a  compoatui 

approximating  to  the  formula  j  w^  n  2Sid  * 

The  presence  of  calcium  silicate  in  glass  adds  to  its  brilliancy  and  hardness.  13m 
hardening  or  setting  of  hydraulic  mortar  auil  cements  is  due  to  the  formation  of 
calcium  silicate,  and  many  of  the  slags  obtained  in  smelting  operations  contain  eoo- 
aiderable  amounts  of  calcium  silicates.  Compounds  of  calcium  silicates,  with  ealdni 
borates,  also  occur  as  datholite,  CaO,2Si02.CaO,B208,  and  in  the  hvdrated  state  H 
botryolite,  CaO,2iSi02.Ca0.l32^),2H,0.  A  similar  compoimd  of  calcium  silicate  viA 
calcium  titanate  occurs  as  sphene,  Ca0.3Si02.2CaO,Ti02. 

Magnesium  silicates  are  in  general  respects  like  the  ^calcium  silicates.  Tbej 
occur  naturally  as  minerals,  but  some  portion  of  the  ma^esia  is  generally  replaced  I7 
other  basic  oxides.  Thus  2MgO,Si02  occurs  as  forsterite,  chrysolite,  andoliTin; 
MgO,Si02  as  augiteand  hornblende;  3Mg0.2Si022H;0  as  serpentin.  Slitt 
and  magnesia  combined  in  various  other  proportions  are  also  the  essential  constitneati 
of  steatite  or  talc,  meerschaum,  choudroditc,  etc. 

Aluminum  silicates  are  especially  characterised  by  their  very  difficult  fusibility* 
The  neutral  silicate,  2Al20a3Si02,  occurs  naturally  in  combination  with  various  pi^ 
portions  of  water  as  certain  kinds  of  kaolin  or  porcelain  clay,  and  a  large  number  of 
other  compounds  of  silica  with  alumina  occur  either  as  argillaceous  minerals  or  in  the 
crystallised  state  as  andalusite,  cyanite,  sillimanite,  etc.  The  different  kindl 
of  porcelain,  potteiy  warOi  and  bricks  consist  chiefly  of  aluminum  silicatea,  paitiillj 
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bj  the  direct  action  of  heat  and  by  the  melting  of  small  proportions  of  fusible 
Bfieatfls  difRued  throughout  the  mass.  Aluminum  silicates  also  occur  in  combination 
vith  other  silicates  constituting  the  varioua  kinds  of  felspar,  garnet,  tourmaline, 
niea,  chlorite,  augite,  hornblende,  zeolites,  serpentine,  etc.  Many  of  the 
dagi  produced  in  smelting  operations  consist  of  double  silicates  of  this  kind.  Alu- 
■inum  silicates  likewise  occur  in  combination  with  sulphates  as  in  hauyne,  lapis 
Itiuli,  etc..  with  carbonates  as  in  cancrinite,  and  with  fluorides  as  in  lepidolite, 
topasy  chondrodite,  mica,  etc. 

Ferrous  silicates  are  much  more  easily  fusible  than  those  of  calcium  or  mag- 
Desum,  especially  the  compound  of  silica  and  ferrous  oxide  in  equal  molecular 
proportioiis.  FeOfSiO,  also  occurs  naturally  as  griinerite  and  in  some  augitic 
Binenls.  The  silicate  represented  by  the  formula  iFeOfSiO,  occurs  naturally  as  the 
nineial  fayalite,  and  several  of  the  slags  obtained  in  converting  cast  iron  into 
BBlleable  iron,  as  well  as  in  the  refining  of  copper,  approximate  in  composition  to  this 
■lieste.    Ferrous  silicates  have  a  dark  green  colour. 

Manganous  silicates  are  analogous  in  general  characters  to  ferrous  silicatrs. 

The eompound  MnO^SiO,  occurs  in  some  augitic  minerals;  another  silicate  having  a 

cnnpoBtion  represented  by  the  formula  2MnO,Si02  occurs  as  tephroite,  and  together 

^  ■liostes  of  iron  and  sine  in  troostite  and  knebelite. 

Lead  silicates  are  very  easily  fusible ;  in  the  vitreous  state  they  ore  transparent 

ud  eoloorless,  or  when  containing  a  large  amount  of  lead  oxide  brilliant,  highly  re- 

fatetiTe,  and  sli^tly  yellow ;  these  substances  are  also  very  soft. 
Zinc  silicates  are  analogous  to  those  of  lead  in  general  characters.    2ZnO,Si02 

ownnatoralijas  willemiteand  in  the  hydrated  state  as  siliceous  calamine. 

Zoe  liUcste  also  occurs  together  with  other  silicates  in  troostite  and  in  some  augitic 
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r«— The  existence  of  a'  peculiar  earth  in  rock  crystal,  flint,  and  similar 
■iBnil*  vas  not  known  until  about  the  middle  of  the  seventeentli  century,  although 
tU  art  of  making  glass  and  porcelain  had  long  before  been  carried  to  a  considerable 
^*^  of  perfection,  and  even  then  the  true  chemical  nature  of  silica  was  not  recognised 
*B^  BiRalius  showed  in  1814  that  it  combines  with  basic  oxides  in  dcflnite  proportions, 
ud  that  the  various  minerals  containing  silica  and  basic  oxides  were  to  be  regarded 
*s  diflmte  aaline  compounds. 


• — Silica  occurs  cp'Stallised  in  a  pure  state  as  rock  crystal  and 

^^ kinds  of  quartz;  also  containing  slight  admixtures  of  various  metallic  oxides, 
***Bethyst,  cairngorm,  carnelian,  chalcedony,  and  agate.  Many  sand- 
■tooei  eonsist  almost  entirely  of  coherent  quartz  granules.  Flint  consists  of  silica 
ID  teempsct  state  without  crystalline  structure.  In  the  amorphous  state  and  com- 
^oed  vita  water,  silica  occurs  as  opal  and  in  a  variety  of  other  forms.  In  combina- 
"^  vith  various  basic  oxides,  silica  is  a  constituent  of  a  very  large  number  of 
viBcrUi,  some  of  which  are  comparatively  rare,  while  others  are  very  abundant  and 
'^^ititate  the  chief  mass  of  entire  mountain  ranges. 

Chiimete»« — In  the  crystalline  state  as  rock  crystal,  silica  is  colourless  and 
^''■iptniit;  but  as  it  occurs  naturally  it  is  often  variously  coloured,  presenting  shades 
^7<Uov,ied,  brown,  green,  or  blue,  owing  to  the  presence  of  metallic  oxides  in  small 
P'VvtiQBs.  Sometimes  it  is  quite  black.  Other  kinds  of  quartz  are  often  opaque,  as 
^"X  form  of  flint,  and  in  proportion  as  the  amount  of  admixtures  increases  the 
«i>iieteri  of  pure  silica  are  replaced  by  those  of  other  substances.  The  density  of 
1^  b  the  crystalline  form  ranges  firom  2*5  to  2'8 ;  that  of  amorphous  silica  varies 
"*^ltol•9. 

Sifici  vnmrtd  artifldallv  is  a  white  earthy  powder ;  like  natural  silica,  it  is  pcr- 
^b[iaaQluble  in  water,  or  many  acid  except  hydrofluoric  acid  ;  both  kinds,  however. 
*'«<ii«olved  gradually  when  heated  with  solutions  of  caustic  alkalies,  or  even  solutions 
^alkaline carbonates.  Silica  melts  only  at  a  very  high  temperature,  forming  a  trans- 
pvnit  vitreous  mass ;  when  heated  in  contact  with  basic  oxides,  it  combines  with 
^^  fiorBing  silicates  which  either  melt  very  readily  or  form  a  coherent  mass  by  the 
^raiogof  the  particles.  Alkaline  carbonates  are  readily  docompo^cd  by  silica  at  a 
"Priestly  high  temperature,  the  silica  displacing  carbonic  dioxide  and  combining 
^th  the  alkali  to  form  a  silicate. 

0 
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SncBOL  K.    Atowc  Wbxght  39*1. 


BtstoiT- — Potassiom  was  discovered  in  1807  by  Sir  H.  Davy,  and  thedfluoi* 
stration  of  its  metAllic  character  served  to  show  that  potash,  or  the  vegetable  tlkifii 
as  it  was  termed  to  distinguish  it  from  soda  or  mineral  alkali,  was  in  the  cansticititi 
the  oxide  of  a  metal,  and  that  the  salts  of  potash  corresponded  in  compo6iti<m  vith 
the  salts  of  other  metals. 

Ooomrenee. — Potassium  does  not  occur  naturally  in  the  metallic  state,  but  oak 
in  combination,  chiefly  with  chlorine,  bromine,  or  iodine,  or  ^th  oxygen  and  MM 
oxides,  forming  salts,  which  are  widely  distributed  in  all  three  natural  kingdoiiii. 

Potassium  chloride  occurs  in  large  well-formed  crystals  as  the  minenl  eiOii 
sylvin,  and  in  the  form  of  a  double  salt,  with  magnesium  chloride,  as  ear na Hit* 
(KClMgClj  4-  6H^0).  Potassium  sulphate  occurs  in  alum  stone,  kaioitii 
8ch6nite,glaserite,etc.  Potassium  nitrate  effloresces  from  many  parti  of  tfaeflirttti 
surface.  Potassium  silicate  forms  one  of  the  essential  constituents  of  a  laij^  maWr 
of  silicates,  such  as  leucite,  felspar,  mica,  glankonite,  phonolithe,  ito* 
Potassium  sulphate  and  potassium  chloride  are  contained  in  the  water  of  mai^flk 
springs,  and  in  sea  water,  which,  when  treated  for  common  salt,  affinds  potamB 
salts  as  a  by-product.  Potassium  salts  are  also  contained  in  small  quantities  inaaiiU 
other  kinds  of  natural  water. 

Potassium  salts  occur  in  plants  as  phosphatos,  sulphates,  chlorides,  and  saltitf 
organic  acids ;  the  ash  remaimng  when  the  plants  are  burnt  consists  of  these  nlti  > 
carbonates  formed  by  decomposition  of  the  organic  acids.  Potassium  silicate  is  ite* 
constituent  of  the  ash  of  most  plants.  In  animals  potassium  occurs  chiefly  in  tiufBtM 
of  phosphates. 

Formerly  potassium  salts  were  obtained  almost  entirely  by  the  inonerstioB  oi 
plants,  and  considerable  quantities  of  potash  are  still  derived  from  this  sooret^  tf 
described  under  the  head  of  *  Potassium  Carbonate.' 

From  the  very  earliest  times  sea-weed  has  been  collected  on  the  Scotch  and  IriA 
coasts,  as  well  as  on  the  coasts  of  Normandy  and  Brittany,  either  for  use  as  manustf 
for  obtaining  the  ash  by  burning  it.  The  process  of  incineration  is  carried  out  at  thi 
present  day  m  the  following  manner : — The  sea-weed  is  either  washed  on  shore  hj  thi 
sea— drift  weed — or  that  growing  on  the  sea  coast  is  cut ;  it  is  partly  dried  in  thi  M 
and  then  burnt  in  heaps,  piled  up  over  shallow  pits  until  a  half-ftised  ash  reoute 
which  constitutes  the  matmal  called  kelporvarec  The  composition  of  the  nac0 
sorts  of  kelp  difiers  considerably,  as  may  be  seen  from  the  following  analyses. 

Kelp,  which  is  obtained  on  the  coasts  of  Scotland  and  Ireland,  as  well  as  oath 
shores  of  the  Orkney  Islands,  by  incinerating  various  fuci  and  other  sea-weedib  ^^ 
according  to  Brown,  the  following  percentage  composition. 


1.  ImolubU  Salts, 

Calcium  carbonate  . 
Phosphoric  acid 
Basic  calcium  sulphide 
Calcium  silicate 
Magnesium  carbonate 
Sand 
Alumina . 

g«^°  •         •        )Unbumt 
Hydrogen       .  .  j^ 

Nitrogen         .  gSstance 

Oxygen  .        .         ) 


Water 


2-691 
10-566 
1-093 
3-824 
6-664 
1-676 
1142 
0-920 
0-144 
0152 
0-658 

29-209 


6-800 


2.  SoMU  8aU9. 


Potassium  sulphate 
Sodium  sulphate 
Calcium  sulphate     . 
Magnesium  sulphate 
Sodium  sulphite 
Sodium  hyposulphite 
Sodium  phosphate   . 
Sodium  carbonate    . 
Sodium  sulphide 
Potassium  chloride  . 
Sodium  chloride 
Calcium  chloride     . 
Magnesium  iodide  . 
Magnesium  bromide 


64-2M 


OOOUSRENCB  OF  POTASSIUM  SALTS. 


195 


Taree  is  made  on  the  coasts  of  Normaady  and  Brittany  by  incinerating  aea-weed.  It 
Im  the  fbUowing  composition : 


VUlefcte 

Oherboorg 

Potaanum  solphate . 

Petaniam  chloride . 

Sodium  chloride 

Sodium  carbonate  . 

Luolubld  sabstance 

Iodine  campounda   . 

Watar 

20-36 
10-63 
64-11 
13-76 

traces 
1-25 

22-19 

16*00 

46-78 

9-63 

1-60 

traces 

600 

42-64 

19*64 

26*38 

3*71 

0-73 

traces 

800 

Tl»  method  of  extracting  the  potassium  salts  ttom  kelp  or  varec  is  described  under 
the  haad  of  *  Potassium  Chloride.' 

Ooe  of  the  most  important  sources  of  potassium  salts  is  the  enormous  salt  deposit 
tf  Stwftiit  and  Leopoldshall.  The  deposit  of  potassium  salts  lies  upon  a  very  deep 
itfvof  ro^  salt,  and  is  subdivided  by  Bischof  into  the  following  regions : 

a.  Polyhalite  region,  which  lies  immediately  above  the  pure  rock  salt  This 
dipont  is  about  200  feet  deep,  and  consists  essentially  of  impure  rock  salt,  interlaced 
vnh  Tona  of  polyhalite. 

a  Eieseri  te  region,  which  lies  above  the  polyhalite  region.  This  deposit  is  about 
180  kd  deep,  and  like  the  above  consists  essentiafiy  of  impure  rock  salt,  interstratified 
vith  bnn  of  kieserite,  sometimes  many  fbet  thick. 

7.  Carnalli  te  region.  This  deposit  is  between  130  and  160  feetdeep,  andconsists  of 
>  Tiriable  mixture  of  rook  salt  and  salts  of  magnesium  and  potassium.  Amongst 
the  latter  eamallite  prevails,  which  is  the  most  important  salt  for  the  production  of 
poUenom  chloride.  It  is  chiefly  this  latter  region  which  contains  the  salts  that  are 
■ov  treated  for  potassium  salts,  but  were  formerly  thrown  on  one  side  at  the  period 
vbea  the  only  ooject  in  view  was  to  set  at  the  deposit  of  rock  salt  lying  beneath. 

Hie  ooat  important  minerals  of  uie  above  three  regions  are  the  following : 

a.    In  the  polyhalite  region. 
Polyhalite,  which  has  a  composition  represented  by  the  formula — 

2CaS04  +  MgSO^  +   KjSO^  +   2HaO. 
$,    In  the  kieserite  region, 
lieeerite,  the  composition  of  which  may  be  represented  by  the  formula — 

MgSO^  +  H,0. 
y.    In  the  camallite  region. 
Carnallite,  which  has  the  following  composition — 

ECl  -t-  MgOl,  +  6H2O. 

^|ontai]ii  24  to  27  p«r  cent,  potassium  chloride,  small  quantities  of  sodium  chloride 
yoUeinin  sulphate,  as  well  as  traces  of  ferric  oxide,  rubidium,  caesium,  thallium,  and 
Z^^-  It  i>  colourless  when  pure,  of  a  coarse  crystalline  structure,  and  deliquescent. 
^euDalHte  found  among  the  salts  has  generally  a  reddish  tinge  of  more  or  less 
*P^  owing  to  the  presence  of  iron  mica. 

*.  Kainite(MgCl,  +  MgSO^  +   K^O^  +   6H,0).    Part  of  the  magnesium  is 
*^|i  imlaced  by  calcium,  and  part  of  the  potassium  bv  sodium. 
.  ^-  StI  vi  n  (EjuI).    This  is  probably  a  secondary  product,  produced  by  the  magne- 
"^ehkmde  of  camallite  having  been  dissolved  out  by  water. 

iSehonita  (K,S04  +  MgS04).    '^^^  mineral  often  forms  a  crust  upon  the 
*>>^  of  kainite. 


Other  salts  fbnnd  in  the  camallite  region  are  tachydrite  (calcium  and  magne- 
fr  fhloridea),  boracite  or  atasafurtite  (magnesium  borate 


''loKidaX  ^^  small  quantities  of  iron  mica. 

solid    substance 


and  magnesium 


distinct    metallic 


^varaewrs. — irotassium  is  a  soiia  substance  possessing  distinct  metallic 
^IJiBcten ;  it  has  a  bluish-white  colour,  with  consideraole  lustre  when  unoxidised, 
**"  Hi  specific  gravity  is  -866  as  compared  with  water ;  at  ordinaxr  temperatures  it  is 
*  eoft  that  it  can  be  easily  cut  with  a  knife ;  at  0®  it  becomes  brittle ;  it  melts  at  about 
^t  aad  Tolatiliaas  at  a  nd  heat.  Potassium  combines  ver^  readily  with  oxygen,  and 
f*te  aeeouDt  leqnirea  to  be  kept  immersed  in  a  liquid  hy<»ocarbon,  such  as  naphtha ; 
^  >h— La  oxjgeD  ftom  atmospheric  air  at  the  ordinaiy  temperature ;  when  heated  in 

o2 


coDtAct  with  nir.  it  t&kc*  Bre.  and  bnrai  with  a  Tiolet'Mdaimd  flame ;  it  i<t«i— pn 

wat«t,anddiKp1iio«ahalCiUb}iircigeii,fonnin^potaBnainh}dmte,HyC>  +  KE^O+: 
nod  tha  hjclmW  diB»olT6s  ir  •'• •"-  ' "  '  —i-tt r  — -.: ...k 


I  T^onr. 


r,  famung  a  nlntion  of  et 


mixtore  of  potusiam  cacbooatc  and  chucoal,  obtained  b;  hMting  U 
potauinm  tartnte.  in  a  covered  crucible,  ontll  it  ceases  to  give  o~ 
bbickpcaviu  residue  is  rapidly  cooled,  broken  into  email  lumn,  and  pni  ihlubwcoi^ 
iron  merciuy  battle  (A),  irhicb  ie  aappoited  in  a  fomace  as  shown  bj  fig.  125,a>idttt 
with  a  short  iron  tube  (i),  which  aervps  to  condoct  the  poCaMram  Tsponi  into  a  ec 
denser  (c),  the  MinstractioQ  of  which  is  shown  on  a  larger  Kale  bj  fig.  124.  T. 
condensec  cansistfi  of  two  pieces  of  sheet  iron,  a  and  6,  fitted  togsther  with  clai^Ki 
I  shallow lioi  about  n  qiianerof  an  inch  deep;  it  is  open  at  both  end^aad  t 
n  tube  of  the  mercury  battle.     Dpon  heating  Uta  BMm 


^ 


-     ^^11117 


=^ 


^ 


bottle  to  a  reddish-whitc  heat,  the  potaaaan  carbomitc  is  decomposed  by  ths  dotnl 
and  the  potauiam  thus  reduced  escaiws  iu  Tapoui  twether  with  carbcnk  oiidsV 


is  condensed  in  the  narrow  sheet-  ire 


Oainp«and*>~PotssBiDm  eombiues  with  oiysen  in  three  proportiora.  t<»i^Ui 
monoxide  Kfi,  which  is  a  powerful  baaic  oxide  and  combines  vitb  and  ondeiftfM 
salts ;  a  dioxide,  E,Ob  which  ia  analogonl  in  its  characters  to  hjdric  peroiiile,  ud  < 
tetroxide,  K,0|.  The  componmls  of  potaaslam  with  fluorine,  chtoriaa,  bnaii' 
iodine,  aulphur,  are  salinR  sulntaocea  that  will  be  deacnbed  separately. 


FoBHCLA  K,0.    HoucuuB  Wbiobt  94-2. 

Thif  BDbstaiiN  is  formed  when  potassium,  in  thin  slices,  is  exposed  to  airtfeshf 

moisture  and  carbonic  dioxide,  or  hj  heating  potasginni  hydrate  with  p ' —  '"' 

a  white  nolid  subBtanco,  very  doliquescent  and  caustic ;  it  melta  n~ 
TOlatilises  at  a  higher  tempurature. 


POBMDLA    KHO.       MOLKCBLAK   WaiOHT   SS'l. 

The  snbMance  commonly  called  caustic  potash  msy  be  obtained  byttiM 

disaolTeil  iu  water  by  menus  of  c^insti 
tbrros  ealcium  car)>onate,  Imring  p 

K,CO,  +  CftH.O,     =     CaCO,  +  SKHO. 

The  operation  is  conducted  in  the  same  manner  aa  the  prsparaljon  of  tl 
hydrate  (vide  that  article). 

ObarBoun.— PotHHiium  hvdrate  ii 

9  from  the  atmosphere  and  dsliquMi; 
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also  absorbs  cftrbonic  dioxide,  and  forms  potassium  carbonate.  It  dissolves  in  about 
half  its  weight  d  water,  evolving  great  heat,  and  is  extremely  caustic  both  in  the 
•olid  state  and  in  solution. 


FOTASSZUM     CBXiORZBB. 

FoRMuiA  ECl.    MoLBCULAu  Wkioht  74*6. 

i« — Potassium  chloride  occurs  naturally  in  a  pure  state  as  sylvin 
round  the  famaroles  of  Vesuvius,  and  in  the  salt  deposits  of  Stassfurt  and  at  Kalucz 
in  Hnngaiy.  It  also  occurs  rery  abundantly  in  combination  with  magnesium  chloride 
as  carnal  lite  in  the  salt  deposits  of  Stassfurt,  which  are  extensively  worked. 
Potasainm  chloride  also  occurs  in  sea  water,  in  kelp,  or  the  ash  of  sea-weeds,  in  natural 
faiineB,  and  in  the  water  of  some  mineral  springs. 

Michels  leprese^^ts  the  salts  excavated  ^m  the  Stassfurt  mine  and  delivered 
to  the  potash  works  as  having  the  following  percentage  composition : 


Carnallite 
Bock  salt     . 
Kieserite  and  kainite    . 
Anhydrite,  clay,  sand,  etc 


60-66  per  cent 

26-30 

10-16 

16-0 


If 
II 


to  14  per  cent  of  potassium  chloride, 
ne  contains  on  the  average  a  larger 


This  amount  of  carnallite  represents  from  13 

The  salt  obtained  from  the  Leopoldshall  mi 
tmoont  of  carnallite  than  that  from  the  Stassfurt  mine,  the  amount  of  potassium 
chkride  zanging  from  15  to  17  per  cent 

Characters* — ^Potassium  chloride  is  readily  soluble  in  water ;  it  crystallises  in 

nbes,  and  presents  many  resemblances  to  sodium  chloride  or  common  salt     It  has, 

hovvrer,  a  stronger  taste,  and  cannot  be  taken  into  the  system  in  such  large  quantities 

ueonmon  salt  without  injury.    Crystals  of  potassium  chloride  decrepitate  when 

Wed,  the  salt  then  melts,  and  at  a  sufficiently  high  temperature  it  volatilises ;  it  is 

ttneh  men  easily  volatilised  thar  sodium  chloride. 

Tbe  potassium  chloride  of  commerce  is  generally  impure,  and  contains  only  from  80 
toMperoent.  of  pure  chloride,  the  remainder  consisting  chiefly  of  sodium  chloride, 
Klpntes  in  variable  amount,  some  insoluble  substance,  and  water.  When  potassium 
wide  has  been  prepared  from  molasses  residue,  it  is  generally  mixed  with  alkaline 
cvbooatfls. 

Fiank  gives  the  composition  of  a  good  sample  of  potassium  chloride  as  follows, 
»d  Uie  other  analyses  are  by  Ussandier. 


Frank 

TfSBandier 

^'^lUidam  ciiloride 
„      sulphate 
„      carbonate 
°^m  carbonate  . 

If     chloride 
;  Jugnennm  snlphate 
,  j^lnble  matter    . 
^•ter  .        .        .        . 

8614 

10*94 
0*24 
0-46 
4-29 

79*80 

12-31 

1*00 

2*10 

0*32 
4-27 

93*62 
401 
0*61 

0-28 
1*38 

7601 

11*81 

3*28 

2*13 

0*90 
6-36 

. — The  greater  part  of  the  potassium  chloride  of  commerce  is  now 

'"^  from  carnallite ;  but  considerable  quantities  are  obtained  as  by-products  of 
^^*^  industrial  operations,  as  in  the  preparation  of  salt  from  sea  water,  and  the 
|[J^i>(ition  of  iodine  from  kelp ;  potassium  chloride  is  also  obtained  from  the  residues 
^W  iBgar  molasses.  The  preparation  of  potassium  chloride  fh)m  the  sylvin  found 
J^^^ihes  in  Hungary,  which  is  mixed  with  a  great  quantity  of  clay,  has  not  at  present 
^^^Qked  any  great  dimensions,  although  it  will  probably  soon  do  so.  Small  quantities 
^P^  potasnnm  chloride  are  even  now  prepared  from  potashes. 

Womni  OF  Stassfubt  Salts. — The  methods  of  preparing  potassium  chloride 
^^ffted  in  the  woiks  of  Stassfurt  and  Leopoldshall  are  different.  They  are  alike  in  this 
^ipaet,  that  carnallite  is  lixiviated,  either  with  water  or  a  lye  poor  in  magnesium 
^"bids^  the  lizrriatinff  liquor  being  employed  hot.  The  magnesium  chloride  and  the 
Jj'iiniai  chloride  of  ue  carnallite  dissolve,  but  upon  cooling  the  liquor,  potassium 
**Ivid6  alone  cmtalliMS  out,  since  carnallite  only  crystallises  from  a  liquor  containing 
^^|e  flmw  of  magnerinm  chloride.    However,  upon  evaporating  the  mother  liquor 
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from  the  first  crysUillisation  to  a  certain  density,  artificial  camallite  cryBtallises  ont^ 
owing  to  the  liquor  haying  become  proportionailj  richer  in  magnesium  diloride  bj  the 
former  crystallisation  of  potassium  chloride.  The  artificial  carnallite  is  seponted  fimn 
the  mother  liquor  and  once  more  dissolved  and  the  liquor  crystallised,  vherenpoo  a 
further  crop  of  crystals  of  potassium  chloride  is  obtained. 

A  method  much  in  use  at  Stassfnrt  and  Leopoldshall  is  the  following : 

Breaking  up  of  the  Salts. — ^The  carnallite  as  it  comes  from  the  mine  is  cither 
crushed  to  a  coarse  powder  in  a  mill,  or  it  is  simply  broken  up  with  hammers  into 
pieces  about  the  size  of  one's  hand. 

In  order  to  reduce  the  salts  to  a  powder,  Frank  has  recently  intzoduced  an  apparatne 
which  he  calls  a  disintegrator ;  but  it  ai^>6ars  that  the  mills  formerly  employed  do 
better  work. 

Solution  of  the  Salts. — The  broken  or  powdered  salt  is  lifted  by  a  medbwnial 
arrangement  into  a  higher  story,  whero  the  dissolving  operation  is  earned  out. 

The  lixiviating  vessels  are  made  of  iron  plates  riveted  together.  They  ars  cylin- 
drical in  shape,  and  have  a  diameter  of  between  6  and  10  feet,  and  a  depth  of  from 
8  to  10  feet,  being  capable  of  holding  100-300  cwts.  of  carnallite,  together  with  the 
water  required  for  the  solution  of  the  same.  The  vessels  are  furnished  with  perfo- 
rated false  bottoms  about  six  inches  from  the  bottom,  for  supporting  the  carnallite 
during  the  process  of  lixiviation.  The  bottom  of  the  pan  slopes  towards  the  centre,  so 
as  to  admit  of  the  liquor  being  run  off  with  facility  through  a  tap  at  that  point.  A  rod 
by  which  the  tap  can  be  closed  or  opened,  as  desired,  projects  above  the  lixiviating  pan. 
Over  the  tap  is  a  perforated  iron  cylinder,  which  extends  above  the  sniface  of  the 
liquid  for  the  purpose  of  holding  back  fragments  of  the  undissolved  salt.  There  is  also 
a  manhole  above  the  perforated  false  bottom,  for  removing  the  undissolved  rendoe. 
Heat  is  applied  by  blowing  steam  into  the  pan,  through  a  pipe  running  round  the  pan 
between  the  bottom  and  perforated  shelf.  Beneath  the  lixiviating  pan  are  placed 
several  tanks  of  sheet  iron,  in  which  the  liquors  are  allowed  to  settle ;  and  to  pfevent 
them  from  cooling  too  rapidly,  they  are  suirounded  by  brickwork,  or  some  other  non- 
conducting material. 

When  the  camallite  is  added  to  the  liquor  in  the  lixiviating  pan,  the  temperatnie 
must  be  kept  up  to  the  boiling  point,  the  addition  being  continued  lu^  the 
turbid  solution  has  a  specific  gravity  of  1*282,  or  the  clear  solution  a  speeifie  gravity 
of  1*277.  The  liquor  is  then  run  on  into  the  settling  tanks  below.  The  operatioo 
should  bo  conducted  as  rapidly  as  possible,  in  order  to  reduce  to  a  minimum  the 
solution  of  potassium  sulphate,  which  dissolves  more  slowly  than  the  chloride.  After 
the  solution  has  been  run  off,  large  masses  of  undissolved  salts  remain,  containing  a 
considerable  quantity  of  potassium  chloride ;  and  on  this  account  the  residue  is  treated 
a  second  time  with  water  or  weak  liquor  from  a  previous  operation,  the  whole  heated 
by  blowing  in  steam,  and  the  solution,  run  off  into  settling  tanks,  is  afterwards  used  in 
place  of  water  for  operating  upon  fresh  camallite. 

The  residue  left  after  the  second  treatment  of  the  salt  with  water  amounts  to 
about  25  per  cent,  and  consists  of  kieserite,  rock  salt,  anhydrite,  etc.,  with  about  6  per 
cent,  potassium  chloride.  It  is  either  thrown  aside  as  waste  or  worked  up  for  magnesinm 
sulphate. 

To  obtain  the  potassium  chloride,  the  clear  liquor  is  run  while  hot  from  the 
settling  tanks  into  crystallising  pans  made  of  sheet  iron,  about  2  feet  deep.  After  the 
lapse  of  24  or  48  hours,  the  motner  liquor  is  drawn  off,  and  the  salt  deposited  npcm 
the  sides  of  the  pans  is  removed  to  vessels  fitted  with  perforated  false  bottoms,  in 
which  it  is  washed  with  water  so  as  to  remove  all  adheront  mother  liquor.  Iliis 
operation  is  repeated  several  times,  according  to  the  degree  of  purity  the  salt  n 
required  to  have,  and  the  residue,  containing  from  80  to  90  per  cent,  of  potsssiimi 
chloride,  is  finally  dried  and  sifted. 

The  mother  liquor  from  the  crystallising  pans  is  evaporated  until  it  has  a  upeeifl^s 
gravity  of  1*299,  when  it  deposits  sodium  chloride  and  some  potassium  snlnhit>»i,, 
which  is  used  either  for  raanuro  or  for  salting  cattle  food.     The  clear  liquor  mwsB. 
off  from  this  salt  contains  a  largo  amount  of  magnesium  chloride,  together  with  mm^m 
potassium  chloride,  and  by  concentration  it  deposits  these  salts  as  artificial  cams3lit<% 
which  is  worked  as  already  described  for  the  separation  of  potassium  chloride. 

The  last  mother  liquor  from  the  crystallisation  of  camallite  is  sometimes  used  for 
the  first  solution  of  the  crude  camallite  salt,  by  which  means  the  impurities  «» 
separated  and  the  double  potassium  and  magnesium  chloride  is  obtainea  in  sneh  s 
state  that,  on  treatment  wim  water,  it  yields  at  once  very  pure  potassium  cfaloridA  ^  I> 
other  works  the  last  mother  liquor  is  either  evaporated  down  to  obtain  magiMiiw 
chloride,  or  worked  for  the  extraction  of  the  bromine  it  contains  (see  p.  178). 

JEhmiAcnoN  from  thb  Ash  of  Sba-Wehd. — Ttie  amount  of  potaariom  cUoiidaii 
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■ome  kinds  of  lea-weed  is  suffidentlj  large  to  make  the  extraction  of  this    salt 
dedzable,  and  it  is  carried  out  in  connection  with  the  manufacture  of  iodine. 

lAxiviaiitm  of  the  Kelp  or  Varec, — This  operation  is  performed  in  the  same  way  as 
lixiTiation  of  ball  soda  {vide  this  article).  The  fused  semi-vitreous  mass  is  first 
broken  into  small  pieces,  and  then  lixiviated  with  water.  The  apparatus  used  for 
this  purpose  varies  considerably  in  form.  In  some  places  square  iron  vats  with 
dooble  bottoms  are  used,  the  upper  or  Mtte  bottom  being  perforated.  Upon  this 
perforated  bottom  the  broken  kelp  is  placed,  and  water  is  added  in  quantity  sufficient 
to  coyer  the  kelp.  After  a  lapse  of  a  few  hours,  the  liquor  is  drawn  ofif  by  means  of 
a  cock  fitted  between  the  two  bottoms,  and  let  into  a  second  vat  of  like  construction 
filled  with  kelp ;  the  partly  lixiyiated  mass  in  the  first  vat  being  treated  again,  eidier 
with  water  or  with  dilute  liquor.  About  six  lixiviating  vats  of  this  description  are 
placed  in  connection  with  one  another,  the  process  being  so  conducted  that  f^esh 
water  flows  first  into  that  vat  which  contains  the  most  exhausted  material,  and 
from  thence  successively  into  those  vats  containing  less  exhausted  material.  When 
the  kelp  in  the  first  vat  is  completely  exhausted,  it  is  taken  out  and  a  fresh  charge 
pat  in,  and  fresh  water  Is  run  into  the  second  vat,  and  so  on  to  the  last  vat ;  and 
finally  into  the  firsts  because  that  will  then  contain  the  least  exhausted  material. 
This  method  of  lixiviation  secures  the  greatest  possible  exhaustion  of  the  kelp,  with 
the  least  pCMBsible  quantity  of  water. 

The  lixiviation  is  sometimes  carried  out  in  the  apparatus  shown  in  fig.  127, 
which  consists  of  five  iron  vats  (a  to  b),  arranged  at  different  levels.  In  each  vat  there 


^  E  ^ 


Fig.  127. 


•^perforated  boxes  (a  to  e)  containing  pieces  of  kelp,  and  supported  by  iron  rods.  The 

^nert  vat  (a)  is  twice  as  large  as  any  of  the  others,  and  it  has  two  pairs  of  perforated 

"^«(e  «  «  e).     Water  let  in  from  above  extracts  the  soluble  constituents  in  the  first 

r^^  ^  boxes  {eee  e),  and  when  the  liquid  has  reached  the  level  of  the  discharge  pipe 

W»  It  flows  out  from  the  bottom  of  the  vat  into  the  upper  part  of  the  second  vat  (b), 

lift  "^jT™?  *°  ^^®  manner  into  the  third,  fourth,  and  fifth  vats  successively.    The 

^Ujddischarged  from  the  last  vat  (e)  into  the  reservoir  (f)   will  have  a  specific 

JJ^^ty  of  M8  -1-26.     When  the  material  in  the  first  series  of  perforated  boxes  is 

^^^^oUy  exhausted,  the  boxes  are  hoisted  out  from  the  vat  and  placed  to  drain 

*^  the  rapport  (Ir).    The  boxes  in  the  second  vat  (b)  are  then  transferred  to  the 

pTrjjK  ^^j£j^^  ^^^  ^^  ^  ^^^  second  vat  (b),  etc.,  fresh  pieces  of  kelp  being 

J^J^  m  the  fifth  vat  (r).    In  this  way  also  fresh  water  comes  first  of  all   into 


i  with  the  most  exhausted  material,  and  thus  eflfects  as  complete  an  exhaustion 

ib  }^^^.  A\  ^^?  ^°,'*"  °^  Coumerie,  in  Cherbourg,  the  liquor  is  heated  by  steam. 
**  >»ti  fomished  with  double  sides. 

The  liquor  is  allowed  to  settle  in  the  reservoirs  (ff),  and  then  drawn  off  in  to  a  series 
^^non  pans  (o).  placed  near  the  reservoirs,  where  it  is  evaporated.  These  pans  are 
?f'*n«wl  in  steps  one  above 

jj«  ether,  so  that  the  liquor  of 

Jhe  ibst  pan  (o)  flows  into 

«•    second  pan    and    from 

theses  into  the  pan  (i,  fig.  128), 

«te.,  ootil  it  arrives  at  the  last 

PU  (k).    The  pans  are  heated 

bjr  a  sio^  ftanace  (t),  placed 

Bsdcr   the    lowest    pan  (x), 

ud  the  hotair  is  passed  along  Fio.  128. 

ndsr  the  other  pans.  The  pan 

(o).  which  isfurthest  away  from  the  furnace,  is  consequently  not  heated  so  mucl;  as  the 
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othara  ;  ud  tha  tempentare  of  Mch  paji  ioenaata  with  its  [soxunitir  to  t 

Id  proportion  lu  t}ie  llqno' is  heated,  the  WBter  enporatMj  and  a  poitioil  i 
■olnbla  soltt,  sneh  as  pcitunmn  anllJiata  uid  eommoB  B&lt,  is  oftsn  dspoated 
(i).  In  order  tn  pievent  the  deposited  salt  fto 
to  tha  hot  put  of  the  pan  immediatfilj  in  o 
the  fire,  the  bottom  of  this  pan  bae  the  Bhat 
■action  by  %.  129.  The  ^radpitated  salteoG 
ndea  (I  i),  where  the  hrat  u  not  so  great,  uid 
_  ont  b]P  means  of  a  perforstol  ladle.  After  a, 
the  liquor  is  drawn  off  into  oritalliBing  p 
it  daposita,  DpOQ  cooling,  ehiefi;  potunnB 
Uigetiipr  with  small  qnantitiw  of  aodinni  aad 
tia.  r^u.  solphBles.  The  mother  Liqoor  is  once  more  ai 

in  q)ecial]y  adapted  pana,  tie  salts  which  separate  out  meanwhile,  «Dch 
chloride  and  sulphate,  etc.  are  remoTsd  with  a  perforated  ladle,  and  the  ti 
sat  to  cryilaUisa.  Potaaainm  chloride  then  crjBtallises  out ;  tha  liquor 
again  erapOTated,  and  alJowed  to  orjstalliiw,  generallj  yield* another  Ofop 
of  impure  potassium  chloride. 

llie  r«idnea  remaining  in  the  perforated  boiss  are  farther  liziriated  i 
and  tha  liqnor  obtained  is  evaporated  in  pans  like  the  flrsL  Soditm 
■aparates  in  the  evaporating  pnns,  and  the  further  operation  of  CITSttdUl 
potassinm  chlorida.  A  repetition  of  these  operations  yields  common  ■ 
STaporating  pans,  and  impure  potassium  chlorida  in  the  c^stallidng  put*. 

TTiB  last  liqnor  obtained  from  the  residues,  haying  a  spedfie  gravity  « 
1-000  and  1'070.  is  used  instead  of  water  for  a  fresh  operation. 

The  salts  separated  out  either  in  iJie  evaporating  or  cijfltallising  pan 

potasaium  chloride,  common  salt,  potassiuio  sulphate.  Qlaubflr's  nOt,  add 

■epaialelv  coUected,  and,  after  being  washed  or  recrystaUiged,  are  sent  into  tl 

Faven  sajoreets  the  eraporaUon  of  the  ooncentiated  lye  in  a  pan  (b  b^ 

—.. — — '-rf^  by  a  flre  (i).  Directly  (be  pr 
of  mils  sets  in,  a  lieve  (c),  nmp 
chajn  moving  upon  ndlan  (if 
mitting  of  Iwing  raised  uid  li 
the  weight  (s),  is  lowered  int< 
The  sieve  is  fumiahed  with 
which  anpport  it  inside  the  ei 
pan,  Mid  keep  it  at  a  distance  of 
fnim  tha  bottom.  The  salts  u 
cipitate  are  foited  to  (lifl  sDifi 
bailing  Uqnid,  and  in  foiling 
caught  in  the  sieve.  As  soon  it 
is  full  it  ia  drawn  up,  allowed  to 
a  short  time,  and  its  contents  < 
to  a  shelf;  so  that  the  motl 
adhering  to  tha  crystals  nay 
into  the  evaporating  pan. 
Treaitiunt  of  the  mother  Itqaor.—Tiie  mother  liqnor  obtained  by  tl 
tion  above  described  still  contains  minute  quantities  r^  all  the  salts  contaii 
original  liqnor,  such  as  sodium  chloride,  potassium  sulphate,  sodiom  >nl| 
carbonate  and  potassium  nitrate,  together  with  iodides,  bromides,  tTanidaa, 
and  bisnlphitea  of  eodinm  and  potassium,  and  small  quantities  of  nnbnri 
subetance. 

Vaea. — Large  qnnntitiea  of  potassinm  chloride  are  used  for  conreitiii 
nitrate  into  potassium  nitrate,  also  as  manure,  and  in  tile  mannfactnre  of 
sulphate  and  other  potassium  salts. 


Fio.  ISO. 


FoBHtJU  EBr.    Moi.BCDi.iR  WmoBT  II9'1. 

His  salt  ia  prepared  either  b^  dissolving  bromine  in  solotion  of  canst 
BvaporaUng  to  dryness,  and  heating  the  residue  miied  with  charcoal  n 
red  hot,  or  better  still,  I^  treating  iron  immersed  in  water  witb  bromina,  i 
pitating    the  solution  of  ferrous  bromide  thus  formed  with  potaawnm  t 
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Potassiam  bromide  maj  also  be  obtained  bj  passing  sulphuretted  hydrogen  into  water 
containing  a  layer  of  bromine,  saturating  the  hydrobromic  acid  thus  produced  with 
barium  carbonate  (witherite),  and  decomposing  the  solution  of  barium  bromide  with 
potaasinm  carbonate. 

According  to  Frank's  method,  bromine  vapour,  containing  chlorine  as  it  escapes 

team  the  W<ralfe*s bottle  (d,  fig.  106),  is  conducted througha leaden  tube  into  a  second 

Woolfe's  bottle^  filled  with  moist  iron  filings,  and  firom  thence  into  an  open  pot  also 

containing  iron  filings.  A  mixture  (tf  iron  chloride  and  bromide  is  formed  in  theWoulfe's 

bottle  at  first,  but  towards  the  end  of  the  operation,  when  the  evolution  of  chlorine 

gradually  increases,  the  bromine  is  displaced  by  it  from  the  bromide  formed  in  the 

Woalfe's  bottle,  and  passing  into  the  open  pot,  it  forms  pure  ferrous  bromide,  the 

whole  of  the  chlorine  remaining  in  the  Woulfe's  bottle.    The  ferrous  bromide  is  then 

decompoaed  with  potassium  carbonate.     The  iron  and  water  may  be  replaced  by  a 

solution  of  caustic  potash,  in  which  case  there  is  first  of  all  formed  potassium  chloride 

and  bromide,  as  well  as  potassium  bromate  and  chlorate  ;  the  bromine  is,  however, 

eventually  displaced  by  the  excess  of  chlorine,  and  pure  bromine  distib  over  into  the 

cwQstic  potash  solution  in  the  second  vessel    The  liquor  thus  obtained  is  then  mixed 

with  charcoal,  evaporated,  and    ignited  to  convert  the   bromate    into  potassium 

bromids. 

If  opaque  crystals  of  potassium  bromide  are  required,  the  solution  from  which  the 

aalt  is  crystallised  must  be  slightly  alkaline.    Since  the  mother  liquor  obtained  in  this 

way  is  very  alkaline,  it  is  neutralised  as  nearly  as  possible  with  bydrobromic  acid, 

m  again  evaporated  for  a  new  crop  of  crystals. 

Transparent  crystals  of  potassium  bromide  are  always  formed  from  perfectly 

MQtnl  solutions.  alFO  when  the  solution  contains  traces  of  lead  or  tin,  etc. 

AxraictAL  Sea  Salt. — This  consists  of  common  salt  containing  varying  proportions 
of  bromine  in  the  form  of  magnesium  bromide,  which  is  prepared  by  precipitating  a 
soltitioD  of  ferrous  bromide  with  caustic  lime,  decomposing  the  calcium  bromide 
^th  magnesium  sulphate,  separating  the  precipitated  gypsum*,  and  evaporating  the 
*<>btion  to  dryness.  The  consumption  of  artificial  bathing  salt  firom  Frank's  manu- 
^cUay  alone  amounted  in  1871  to  about  50  tons. 


FOTAMOUai     lOBIDB. 

Formula  EI.    Molxculab  Weight  166'1. 

^Potassium  iodide  crystallises  in  cubes;  it  is  soluble  in  water  and  in 

^'^t^hol,  and  may  bo  prepared  by  the  direct  combination  of  potassium  and  iodine.    For 
'^  pieparation,  however,  other  methods  are  used. 

^repmmtion« — ^The  most  usual  way  of  preparing  potassium  iodide  is  by  acting 
2^*^  a  solution  of  caustic  potash  with  iodine.    Iodine  is  added  as  lon^  as  it  is  din- 
^^^^"^  without  colouring  the  liquid,  potassium  iodide  and  iodate  being  formed,  as 
by  the  following  equation : 

61  +   6KH0     -     6KI   +   KIO,   +   3HjO. 

^Iie  sdiition  thus  obtained  is  ndxed  with  a  small  quantity  of  powdored  charcoal, 
«Tsporated  to  dryness.  The  residue  is  slightly  ignited,  so  as  to  secure  the  reduc- 
<xf  potMBum  iodate,  which  takes  place,  as  shown  by  the  following  equation : 

KIO,  +  30     =     KI  +  300. 

*Thd  residue  contains  accordingly  the  entire  quantity  of  iodine  in  the  form  of 
y^H^gium  iodide.  It  is  lixiviated  with  water,  and  the  solution  evaporated  until  it  has 
*  "P^fic  gravity  of  r867,  and  set  aside  to  crystallise.  The  crystals  are  thrown  upon 
^^vi^lt,  so  as  to  drain  off  the  mother  liquor,  and  then  dried  by  spreading  thorn  out 
•P^^  gland  iron  plates,  in  a  current  of  air  of  a  temperature  of  120°-125®. 
^^^  Xnstead  of  heating  to  redness  with  charcoal,  the  reduction  of  the  iodic  acid  may  be 
'^'^cted  in  the  wet  way  by  ^treating  the  solution  containing  iodate  with  reducing  sub« 


,  such  as  hvdiated  ferrous  oxide,  sulphurous  acid,  etc 

assium  iodide  may  also  be  prepsired  dv  treating  iron  with  iodine,  in  presence  of 
^'^^^r,  10  as  to  form  solution  of  ferrous  iodide,  which  is  then  precipitated  with 
f^^^^asium  carbonate,  the  liquid  filtered  and  evaporated  to  crystallisation. 

Xiebig's  method  is  to  digest  amorphous  phot^horus  with  iodine,  under  water,  so 

»  to  farm  in  the  ilrst  instance  phosphorus  pentiodide,  which  is  immediately  decom- 

f^*^  into  hydrogen  iodide  and  pnosphonc    acid.     The  liquid  thus  obtained  is 

f^^iatsd  with  btfyta  water,  to  remove  the  phosphoric  acid,  which  is  precipitated  as 

^*<iai  phcsplmte,  while  the  iodine  remains  in  solution  as  barium  iodide.    The  sola- 
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tion  is  filtered  off,  treated  with  potassiiim  carbonate  or  sulphate,  to  precipitate  the 
barium  as  carbonate  or  sulphate,  which  is  separated  by  another  filtiation,  and  tlia 
dear  liquid  containing  potassium  iodide  in  solution  is  evaporated  to  ezyftalliMtioii. 

Wagner  recommends  adding  iodine  to  a  mixture  of  milk  of  lime  and  falcinm 
sulphite  with  water,  so  as  to  form  calcium  iodide,  and  then  to  decompose  the  ■olution 
of  that  salt  with  potassium  carbonate,  separate  calcium  carbonate  by  filtration,  and 
OTaporate  the  filtrate  containing  potassium  iodide  to  oystallisation. 


FuKMuiJk  KCIOm    Molecuiab  Wbioht  122'6. 


At    0° 

3-33  pts. 

„  13-32<* 

6-60    „ 

„  16-32°       . 

603    „ 

„  24-43<> 

8-44    ., 

KlJrtory.— This  salt  appears  to  have  been  known  in  the  early  part  of  the  seven- 
teenth century  to  Glauber,  who  described  a  kind  of  saltpetre  prepared  by  meaiui  of 
common  salt.  Higpins,  in  1786,  also  pointed  out  that  a  kind  of  saltpeoe  was 
produce<l  bj  the  action  of  chlorine  upon  alkalies,  and  about  the  same  time  it  waa 
investigate<l  by  Berthollet,  but  the  true  composition  of  this  salt  was  first  detennined 
by  Chiy-Lussac  in  1814. 

Cliaraoters. — Potjissium  chlorate  is  an  anhydrous  salt.  It  is  sparin^y  SQliLble 
in  cold  water,  more  readily  soluble  in  hpt  water.  The  degree  of  solnbility  of  potas- 
sium chlorate  in  100  parts  of  water  at  various  temperatures  is  shown  in  the  fbUowiog 
table: 

At  35-02<'  .  .  1206 pts. 

„     4908<>  .  .  18-96  „ 

„     74-89°  .  .  86-40  „ 

„  104-78°  .  .  60-24  „ 

PotAMHium  chlorate  crystallises  out  from  its  aqueous  solution  in  laminsB  of  a  peaiiy 
lustre ;  it  has  a  cooling  taste  resembling  nitre.  When  gently  heated,  potassium 
chlorate  melts  without  decomposition ;  a  stronger  heat  converts  it  first  into  pqtassiam 
chloride  (KCl)  and  porchlorate  (KCIO4),  and  at  a  still  higher  temperature  the  whole 
of  the  oxygon  is  given  off,  potassium  chloride  remaining : 

KCIO,  =  KCl +  30. 

According  to  the  above  equation,  therefore,  potassium  chlorate,  when  subjected  to  a 
very  strong  heat,  yields  39-16  percent,  of  free  oxygen,  and  60-84  per  cent,  of  potassinm 
chloride. 

One  of  the  most  important  properties  of  potassium  chlorate  is  its  extremely 
energetic  oxidising  action :  when  mixed  with  combustible  substances,  such  as  sulphur 
charcoal,  or  phosphorous  acid,  explosions  of  a  most  violent  nature  may  oceor  if  the 
mixture  is  slightly  warmed  or  rubbed.  On  this  account,  it  is  necessary  to  be  venr 
cautious  in  working  with  potassium  chlorate,  and  on  no  account  should  it  be  tn- 
turated  or  heated  with  easily  combustible  bodies. 

Preparation. — ^Potassium  chlorate  may  be  prepared  by  passing  chlorine  into  a 
concentrated  solution  of  caustic  potash  or  potassium  carbonate.  The  following  equa- 
tion shows  the  reaction  which  takes  place  : 

3K2CO,  +   6C1     =     6KC1  +  KCIO,   +   8C0^ 

The  apparatus  used  for  this  purpose  consists  of  a  chlorine  generator  (fig.  103,  page 
164),  and  the  absorption  vessels  containing  the  solution  of  potash  are  arranged  in  a 
manner  similar  to  that  shown  and  described  for  the  absorption  <^  Bulphurous  seid 
(fig.  46,  page  106).    Between  the  absorption  vessels  and  the  generators  is  a  washing 
arrangement.    At  the  beginning  of  the  operation  there  is  formed  in  the  first  carboy, 
potassium  hypochlorite  and  chloride,  as  well  as  acid  carbonate,  and  if  the  ffeneratioB 
of  chlorine  is  stopped  at  this  point,  and  the  car1x)y  allowed  to  cool  slightly,  3ie greater 
part,  of  the  potassium  chloride  crystallises  out,  and  may  be  separated  by  decanting  off  the 
solution.     When  chlorine  is  again  passed  into  the  decanted  liquid,  potassium  chlorate 
is  formed.     The  liquid  soon  becomes  saturated  with  the  salt,  which  separates  out  in 
a  crystalline  condition.     Potassium  chlorate  thus  prepared  is  washed  with  a  small 
quantity  of  cold  water,  to  get  rid  of  potassium  chloride,  and  is  then  crystallised  ttam 
hot  water.    According  to  this  methwl,  as  may  be  neon  from  the  above  equation,  only 
about  one  sixth  of  the  potash  used  is  converted  into  chlorate ;  the  remaininff  five-siiths, 
though  not  absolutely  lost,  are  eunvcrtod  into  potassium  chloride,  which  is  a  fiff  Um 
valuable  substance. 
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lo  order  to  convert  the  entire  quantity  of  potash  into  potassinm  chlorate,  part  of 
tbe  potash  is  replaced  by  lime.    The  following  reaction  then  takes  place : 

2KH0  +  5CaH,0,  +  1201  =  SCaCl,  +  2KC10,  +  6HjO. 

In  this  case  the  entire  quantity  of  potash  used  is  converted  into  potassium  chlorate, 
the  mpthar  Uqnor  yielding  caldnm  chloride  in.tead  of  the  correspondlDg  »lt  of 
potassium. 

Instead  of  passing  chlorine  into  a  miiture  of  caustic  potash  and  lime,  it  is  some- 
times convenient  to  pass  the  chlorine  direct  into  milk  of  lime,  and  afterwards  to  de- 
compose the  calcium  chlorate  with  potassium  chloride.  The  apparatus  used  for  the  prepa- 
ration of  calcium  chlorate  consists  of  a  chlorine  generator  and  washing  and  absorption 
vessels,  the  latter  being  lined  wiUi  lead  and  furnished  with  stirrers,  so  as  to  bring  the 
lime  into  intimate  contact  with  the  chlorine.  The  milk  of  lime  is  prepared  by  mixing 
lime  with  five  parts  water.  Chlorine  gas  is  passed  into  this  as  long  as  it  is  absorbed. 
The  temperature  of  the  liquid  rises  very  quickly  upon  the  introduction  of  chlorine  to 
95^;  at  which  temperature  the  formation  of  calcium  chloride  and  chlorate  takes 
place.  The  saturated  lye  is  run  from  the  absolution  vessels  into  tall  vessels,  where 
it  is  allowed  to  clarify.  From  the  clarifiers  the  liquid  is  drawn  off  by  means  of  siphons 
into  evaporating  pans,  where  it  is  evaporated,  and  when  it  has  attained  a  spec. 
gxmv.  of  1*180,  it  IS  mixed  with  potassium  chloride.  It  is  then  further  evaporated  till 
a  qpec  grav.  of  1*280  has  been  reached,  and  at  this  point  it  is  allowed  to  cool.  The 
erystals  that  form  are  separated  and  the  mother  liquor  again  evaporated  to  obtain 
another  crop  of  crystals.  Sometimes  a  third  crystallisation  is  attempted.  The  crystals 
from  the  first  crystallisation  are  reciystallised  once  from  hot  water,  those  of  the 
Moood  crop  genenlly  twice,  in  order  to  get  rid  of  the  admixture  of  calcium  chloride. 
The  mother  hquors  are  evaporated  to  obtain  the  calcium  chloride. 

Properly  prepared  potassium  chlorate  ought  not  to  decrepitate  when  heated ;  t.^. 
it  on^t  not  to  contain  any  mother  liquor  mechanically  enclosed.  Dilute  solutions 
of  the  salt  should  give  no  reaction  either  with  a  solution  of  silver  nitrate  (chlorine)  or 
with  a  solution  of  barium  nitrate  (sulphuric  acid).  When  strongly  heated  it  ought  to 
decompose  with  quiet  effervescence  and  the  residue  should  not  exceed  60  or  70  per 
cent.  Should  the  residue  exceed  this  amount,  the  potassium  chlorate  is  contaminated 
either  with  potassium  chloride  or  some  other  salt.  3*78  grammes  of  potassium  chlo- 
rate ought  to  yield  1  litre  of  oxygen  gas  at  0^  and  imder  a  pressure  of  760°  mm.  of 


Vs«s« — Attempts  have  been  made  to  use  potassium  chlorate  in  the  preparation  of 
gunpowder,  bat  they  did  not  succeed,  the  powder  thus  prepared  having  two  dis- 
ftdvantagea.  (1.)  It  exploded  upon  the  slightest  friction  and  (2)  its  decomposition 
was  so  sudden  and  violent  that  often  the  guns  in  which  it  was  employed  burst.  It 
was  supposed  that  this  difficulty  might  be  got  rid  of  by  the  addition  of  nitre,  but  the 
ezplo«ion  was  still  too  violent. 

Potaasium  dilorate  is  used  in  preparing  percussion  caps,  fusees  for  cannon,  etc. 

The  following  gives  the  composition  of  two  mixtures  of  the  kind. 

Potassium  chlorate 275     .     26 

Polminating  mercury 12*3         13 

Nitre 307     .     30 

Sulphur 16-3    .     17 

Powdered  glass 11*2    .     14 

Glneorgum                     10.1 

The  charge  for  a  copper  percussion  cap  weighing  78  milligr.  is  25  milligr.  of  the 
above  mixture,  so  that  1  kilo  of  the  mixture  servos  for  40,000  such  caps.  The  caps 
far  ibwling-neoes  contain  only  15*20  milligr.  of  the  explosive  mixture.  The  mixture 
is  pat  into  the  caps  in  a  moist  state  and. left  to  dry  in  them. 

PotaMinm  chlorate  is  much  used  in  pyrotechnics,  and  it  has  found  extensive 
•Bpkmneot  in  the  manufacture  of  the  patent  safety  matches,  which  are  free  from 
pbosplKinu. 

At  one  time  considerable  quantities  of  potassium  chlorate  were  used  in  the  pre- 
puation  of  the  so-called  chemical  matches,  which  were  ignited  by  dipping  them  in  con- 
centrated  sulphuric  acid.  The  ignitable  part  of  these  matches  consisted  of  a  mixture 
of  eqml  parts  of  potassium  chlorate  and  sulphur  together  with  a  small  quantity  of 
lycopodinm,  or  rssm,  and  cinnabar.  The  ends  of  the  wood  splinters  for  making  the 
matches  were  first  of  all  dipped  in  sulphur,  and  then  the  above  mixture  was  mnde  to 
adh««  to  the  sulphur  by  means  of  gum.  Upon  pressing  the  head  of  such  a  match 
acuast  asbestos  saturated  with  sulphuric  acid,  the  match  ignited  and  the  sulphur  en- 
aEled  it  to  CQominnicate  the  fire  to  the  wooden  portion  of  the  match.  These  matches 
hava  been,  bowsrer,  entirely  replaced  by  phosphorus  lucifer  matches  {vide  Phosphorus). 
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Mateheg  without  Pkosphorut. — Thero  are  many  recipes  for  prepAring  oombnitiUa 
ompofiitions  without  phoitphoros  in  either  of  itf  forms.  The  following  are  giren  bj 
Canonil,  and  are  said  to  ignite  when  rubbed  ag^iinsl  sand  or  glass  paper: 


I. 

Potassium  chlorate 
Crocus  of  antimony 
Oxidised  red  lead  . 
Ghim 
Water    . 


b 

0-6 

3 

2 

8 


ni. 

Potassium  chlorate 

Glass 

Potass.  ))ichrom. 

Gum 

Water    . 


IV. 

5                 Potassiu!ii  chlorate  .    28*6 

.     3                 Glue                       .  .5*4 

2                 Potass,  bichrom.    .  2*9 

2                 Load  nitrate .         .  .2*7 

.    8                 Powdered  glass    .  .10*8 

Sulphur                 .  .   85*0 

Canouil  gives  further  a  recipe  for  preparing  matches  to  bo  struck  on  a  spedal^f 
prepared  surface,  both  match  and  firiction  surface  being  free  from  phosphorus. 


n. 

Potassium  chlorate 

Sulphur. 

Tiead  c^'aniJe 

Gum 

Water   . 


6 

0-6 

2 

2 

8 


Condfustiiie  CompotUion. 

Potassium  chlorate 

Lead  nitrate. 

Acid  potass,  chromate 

Sulphur 

Gum   . 

Water 


.      7-3 

.       2-3 

.       2-3 

.       1-3 

6-3 

.     18*0 

Friction  Sur/aos, 

Potassium  chlorate  .    6 

Iron  scales.      .         .         .1 
Red  lead  .         .         .     1 

Glue  (in  quantity  sufficient 
to  causo  the  mass  to  ad- 
here) 


tion 


Wagner  considers  Wiederhold's  composition  the  best.   It  has  the  following  oompon* 


Potassium  chlorate 
Lead  hyposulphite 
Gum  arabic 


7-8 
2-6 
1-0 


The  combustible  composition  ordered  by  the  French  Academy  for  making  matehei 
used  in  barracks  consists  of — 

Potassium  chlorate 00  parti 

Acid  potassium  chromate 46 

Lead  peroxide 26 

Red  lead 20 

Crocus  of  antimony 20 

Antimonous  sulphide 16 

Glass  16 

Potassium  ferrocyanide 6 

Gum  16 

Water 66 


M 


»> 


n 


It 


ft 


The  composition  requires  somewhat  strong  friction  for  ignition,  but  leeseos  on  that 
account  the  danger  of  accidental  ignition. 

Jettel  gives  the  following  theoretical  principles  upon  which  the  action  of  thsooo- 
phosphorus matches  depends: — 1.  The  chief  active  constituent  is  potassium  chloratSi  ^ 
quantity  of  which  varies  between  40  and  92  per  cent.,  but  being  generally  over  60  ^ 
cent.  2.  Most  of  these  compositions  contain  from  10  to  40  per  cent,  of  o&ier  oxidiiiif 
substances.  3.  When  sulphur  is  used,  a  quantity  is  taken  equal  to  26  per  cent  of  th» 
potassium  chlorate  employed.  When  metallid  sulphides  are  used  instead  of  sulphtf** 
relatively  greater  quantitv  of  them  is  required.  4.  Powdered  glass,  sand,  wattf,  etft> 
are  added  to  moderate  the  force  of  the  explosion.  5.  The  quantity  of  thickMoijS 
material  employed  is  equal  to  about  ^-^  of  the  amount  of  oxidising  salts.  If  ^ 
former  be  in  too  groat  excess,  ignition  is  rendered  difficult. 

A  not  unimportant  use  of  potassium  chlorate  is  in  calico-printing  for  prodiia4 
certain  tints.  For  this  purpose  the  dye  is  mixed  with  the  required  amount  of  pottf* 
sium  chlorate,  and  laid  on  the  stuff,  which  latter  is  then  exposed  to  a  steam  piesBnno' 
3  or  4  atmospheres,  so  as  to  fix  the  colour.  Tlie  potassium  chlorate  undeigoes  de* 
composition  m  contact  with  the  orgsinic  substances,  and  exercises  an  oxidising  aetkl 
u^wn  the  colouring  matter,  so  producing  the  desired  changes. 

Potassium  dilorate  is  Airtner  very  considerably  used  in  chemical  laboratoiiei,  il 
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the 


.rativ^n  of  oxygen  gas,  for  the  oxidation  of  organic  substances  in  toxicological 
es,  and  for  oxidising  metals,  etc. 


FOTA88ZUM     CASBOWATB     (POTASH). 
FoBKULA  KfiOf,    MoLBCTJiAB  Wrioht  138*2. 

r. — This  substance  was  known  and  used  in  the  earliest  times  in  the  form 

of  the  ashee  obtained  by  burning  plants,  and  commonly  called  potash.     The  first 

^ccoont  of  the  preparation  of  potassiimi  carbonate  in  a  purer  state  is  found  in  the 

irritings  of  Aristotle,  who  describes  a  salt,  obtained  in  Umbria  from  the  ashes  of 

T«ed8  and  rashes,  which,  from  the  properties  ascribed  to  it,  can  have  boon  notliing 

«lae  than  potassium  carbonate.    Dioscorides  also  describe  the  alkaline  properties  of 

the  hquor  obtained  by  lixiviating  the  ashes  of  plants  with  water,  but  he  does  not 

iBentbo  the  solid  residue  obtainable  by  evaporating  the  liquor.     The  same  author 

hoiTOTer  describes  the  preparation  and  properties  of  potassium  carbonate,  obtained  by 

beating  tartar  to  redness,  out  without  indicating  that  it  is  identical  with  the  substance 

coDtaised  in  the  liquor  obtained  by  lixiviating  the  ash  of  plants.     The  Romans  used 

poUmum  carbonate  chiefly  for  medicinal  purposes,  and  in  preparing  soap.     At  a  later 

period  the  Arabian  chemist  Oeber,  and  also  Albertus    Magnus,  Eaymond  LuUy, 

Olauber,  and  others,  gave  directions   for    preparing  potash.       Kunkel  ascertained 

tliat  the  salt  obtained  by  lixiviating  the  ash  of  plants  is  identical  with  the  salt 

obtained  by  exposing  tartar  to  a  red  heat ;  before  his  time  it  was  generally  supposed 

fhAt  the  dUTerent  materials  yielded  different  alkalies. 

Chaimeten. — Potassium  carbonate  is  a  colourless  salt,  very  soluble  in  water ; 
It  deliqaeaces  upon  exposure  to  the  air,  for  which  reason  it  requires  to  be  kept  in 
**ell.«loeed  Teasels.  It  melts  at  a  red  heat.  Potassium  carbonate  crystallises  from  its 
^itcoiiB  Bolutaons  with  2  molecules  of  water. 

Cmde  potash  is  generally  contaminated  with  foreign  ingredients,  which  vary  in 
^^^^are  and  amount  according  to  the  materials  from  whidi  it  has  been  obtained,  as  may 
"^  a«en  from  the  following  table : — 


' 

I. 

U. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 
44*28 

-**"Qtottium  carbonate. 

7410 

62.6 

6807 

41-7 

71-38 

69*61 

63*90 

32-9 

^^    „         hydrate    . 

— 

— 

49*6 

— 

—— 

— 

^J^mn  carbonate 
-^''CSUanum  sulphate  . 

300 

11*0 

6*85 

1*4 

2*31 

300 

23*17 

18*5 

13*48 

13*47 

15*6 

15*32 

40 

14*38 

1411 

2.98 

140 

5-71 

,^^^   „        ehloride  . 

0*96 

4.0 

8*16 

20 

3*64 

209 

19*69 

160 

18*86 

'*^**Jolttble  matters 

7-28 
1*20 

|6*9 

2*64 

\    1*3 

4-56 
2*73 

8*82 
2*28 

0*26 

|l8*6 

4*00 
13*60 

X  and  n.  arc  potash,  from  Tuscany,  analysed  by  Pesier.    III.  rock  ash,  from 

analysed  by  Pesier.    IV.  pearl  ash,  analysed  by  F.  Mayer.     V.  Russian 

by  Pesier.     VII.  French  potash,  from  molasses  muil,  analysed  by  Pesier. 

X  potash  f^om  Magdeburg,  analysed  by  Griineberg.    IX.  French  potash  (from 

uteent  de  TAisne),  by  Tissandier. 

*Ibe  following  are  the  chief  varieties  of  potash  met  with  in  commerce : — 
1.  Gmium  Potash    (Stassfurt). — Ist  quality,  white,  dry,  and  friable,  dissolving 
<st  entirelj  in  4  ports  of  water,  and  containing  about  90  per  cent,  of  pure  potas- 
ki  earboiiate,with,  at  the  most,  3  per  cent,  of  soda. 

5.  The  nine,  partially  purified,  almost  colourless,  crumbly,  and  friable,  containing 
80  per  cent  of  potassium  carbonate,  and  up  to  6  per  cent,  of  soda. 

3.  Bfynan  Potash, — White,  dry,  granular,  containing  at  least   80  per  cent,  pure 

and  tntm  2-3  per  cent,  of  soda. 
•4.  American  Potash, — a.  Pearlash,  very  fine  quality,    h.  Rock  ash,  owing  to  its  high 
less  often  met  with  than  Nos.  1  and  2 ;  contains  about  74  per  cent,  pure  potash, 
shBOft  ahrays  considemMo  quantities  of  caustic  potash. 
4S.  Gtrwum  tmd  Moravian  Bert  Potash. — Qreyish  white  hard  granules,  leaving  a 
*?**«id«sble  residue  when  tre^ited  with  4  parts  water ;  contains  from  70  to  76  percent. 
^  ^Iladiiie  earbooate  and  caustic  alkalies,  of  which  from  12  to  18  per  cent  is  soda. 

6.  JBlwnM  Potash  and  Easan  ash. — True  wood  ash.  a.  Oranular  powder  of  an  un- 

?J^  degree  of  hardness  ;  colour,  partly  greyish-white,  partly  dirty,  sometimes  green, 

—'^  the  prasnee  of  potassium  manganate,  or  reddish,  from  the  presence  of  iron  oxide; 

^^^^^  ft  eomidnable  residue,  even  when  treated  with  a  large  quantity  of  water.    Total 
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quantity  of  alkalies  about  60  per  cent    h.  Sunfloweir  ash,  oootitts  of  gramilM  m 
powder  of  a  greyish -white  colour,  more  uniform  than  the  nre?iou8  sort ;  leavei  a  oq 
siderable  residue  when  treated  with  water,  and  contains  about  60  per  enit 
alkalies. 

FreparattOB. — ^Potsssium  carbonate  is  obtained  fhun  a  number  of  Tery  difltoc 
materials.  The  greatest  quantity  is  still  produced  from  wood  and  other  plant  aahM, 
well  as  from  the  residues  of  the  molasses  of  beet  sugar  after  distillation,  wu 
lees,  and  various  kinds  of  sea  weed.  It  is  also  obtained  from  the  suint  of  the  Wi 
of  sheep.  Large  quantities  of  potash  have  been  recently  prepared  from  potasdi 
sulphate  by  Leblanc's  process;  while,  on  the  other  hand,  the  preparation  of  p(iash  tn 
feldspar  and  similar  rocks  has  ceased  to  be  of  importance  since  the  disooTerr  of  t 
potash  deposits  at  Stassfurt  and  Kalucs.  Attempts  have  been  made  of  late,  bntinl 
out  success,  to  prepare  potassium  carbonate  direct  from  potassium  chloride. 

Potash  fbom  Wood  Ashbs. — ^Plants  contain  potassium  combined  with  diAn 
acids,  amongst  which  are  a  great  number  of  vegetable  acids  that  yield  oarbonie  an 
when  the  plants  are  incinerated.  Only  a  very  insignificant  portion  of  the  potaisii 
carbonate  found  in  the  ashes  of  plants  is  contained  in  the  plants  as  snch  befi 
incineration. 

The  amount  of  potassium  carbonate  yielded  by  the  ashes  of  different  plants  Tui 
considerably.  The  following  table  bv  Boss  gives  the  total  ash  yielded  by  1000  pa: 
of  the  undermentioned  kinds  of  wood,  and  the  corresponding  amount  of  potaasia 
carbonate  yielded  by  the  ashes. 


Pine 

Beech 

Ash 

Oak 

Elm 

Willow  . 

Vine 

Fern 

Wormwood 

Fumitory 


Ash. 


Fotadi. 


3-4 

0-46 

6-8 

1-27 

12-2 

0.74 

13-5 

1-50 

25-5 

3-90 

280 

2-85 

84-0 

6-60 

86-4 

4-25 

97-4 

78-00 

2190 

79-00 

The  difierent  parts  of  the  same  plant  yield  upon  incineration  an  ash  of  dattbn 
quality,  and  consequently  with  a  different  perconUige  of  poUish.  Thus  Saussurs  o 
tained  from  the  ash  from  different  parts  of  the  oak  the  following  relative  proportic 
of  potash,  the  trunk  wood  being  taken  tis  unit  :— 

Trunk  wood 1 

Leaves  and  bark 86 

Bark 80 

Branches  fireed  frx)m  bark 29 

Sap-wood 2 

The  ash  of  plants  contains  other  salts  besides  potassium  carbonate,  eapeeia 
potassium  sulphate  and  potassium  silicate,  together  with  considerable  quantities 
carbonates,  sulphates,  phosphates,  silicates,  and  chlorides  of  calcium  and  magnefliiuii, 
well  as  small  quantities  of  the  corresponding  salts  of  sodium,  and  traces  of  ferric  ox 
and  manganese  oxide ;  also  sand  and  day,  and  a  small  quantity  of  unbnmt  ocga 
substance.  * 

In  preparing  the  ash,  either  entire  trees  or  the  leaves  and  twigs  only  are  bm 
according  as  the  secondary  object  in  view  is  to  clear  the  land  or  to  make  use  of  1 
wood.  Wood  ash  is  obtained  by  burning  the  wood  on  the  spot ;  cinder  ash  is  t 
waste  product  obtained  when  wood  is  used  as  fuel. 

Adulterations  of  the  wood  ashes  with  substances  such  as  turf,  brown  coal,  coal,  el 
are  determined  by  the  taste.  The  worth  of  an  ash  (in  its  potash  contents)  is  gmtni 
roughly  determined  by  the  taste. 

Lixiviaiion  of  the  Ask, — The  lixiviation  of  the  ash  has  for  its  object  the  solvti 
of  the  potassium  carbonates ;  but  a  number  of  other  substances  are  also  dissolv 
which  render  the  potassium  carbonate  impure.  Before  the  actual  lixiviation,  the  s 
is  either  placed  in  steeping  tubs,  or  spread  upon  a  smooth  floor  sprinkled  with  wat 
and  stirred  so  as  to  secure  an  equal  moistening  of  the  whole.  After  this  opentioB  t 
ash  can  be  more  tightly  packed  in  the  lixiviating  vessels,  and  it  is  exposed  for 
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Fie.  131. 


■inae  to  th*  Mtioa  of  the  Atmoaphere,  bj  which  meuis  a  portion  of  the  ^iwlTBd 
poCaannm  silkalfl  ii  couTeit«d  into  carbanftts. 

Tbit  liiiTUtiiig  appanbu  cooauts  of  thiee  tuba,  as  rspreeented  by  fig.  131,  -with 
(earfinsted  blso  bottmiu  (o)  and  outlet  pipes  (a).  The  peFfoiuted  bottom  is  rorerad 
Titlialayei  of  mist,  Dpoa  which  (he  moialeaed  ash 
i>  plaod  and  stampad  lu ;  the  apace  above  the  ash 
(Kbost  one-thiid  of  the  tub)  is  then  lUIed  with  water. 
The  mirx,  penetratiiig  through  the  aab,  diaeolves  out 
ttis  loliibte  conrtitnenta.  and  the  eolation  flows  out 
ihfoDgh  tbe  ontlet  pipea  below  into  settling  tanks. 
Tils  ufa  ii  again  tmatad  with  water,  and  the  liquor 
llktis  obUuned  ie  iu«d  tor  liiiriating  fresh  portiona  of 
uAi  is  the  aecoDd  tnb.  A  third  eupply  of  ws.ter  to  the 
trvt  tab  diasolrea  oat  the  last  trM^es  of  soluble  con- 
KitoiDta,  and  the  dilute  liquor  ie  lued  for  the  second 
KxiTiitiau  of  the  second  tub,  then  for  the  first  lizivia- 
tion  itf  I  &Mh  qiUDCit;  of  ash  in  the  third  tub  After 
tluec  liiJTiatiiig  operations  the  tubs  nre  umptied  and  rediarged  with  &esh  ash. 

Inflaad  of  tnbe,  aqnare  brickwork  veeeels  ma;  be  need,  perforatod  at  the  bottom, 
three  ar  fbor  being  placed  U^ether. 

Ihe  nndiasolTed  reeidne  in  Che  lixiviating  vcssela  coneistE  eBsentially  of  catriom 
CMibonate,  clay,  and  sand,  together  with  considerable  quantities  of  eukium  phoephate 
(•cconiiiig  to  Wolff  about  11  per  cent,),  on  account  of  which  the  roBiiina  forms  a 
vslwble  manure. 

Soiling  dowm  tie  laquor. — Thia  operatjon  is  carried  out  in  a  shallow  cast-iron  pan, 
friBah  liqnot  beiegODiutanlly  added  in  proportion  as  tiie  water  evaporates,  until  a  drop 
takoD  Mt  and  placed  opoa 
■  oooliDatal  f>tat«  aolidiflea 
(o  &  ojitalbne  maaa ;  the 
lire  ii  ilackeited,  and  the 
S^^^tJQally  solidifying  resi' 
(!•>«  in  ihe  pan  ii  gontl; 
"^ttJ  lo  drjnesa, 

3d  Older  to  avoid  the 
*^hemie  of  the  potash  to 
'™o^  Iwtom  of  the  pan 
".»»*nig  lie  drying  opeta- 
twxa.  the  masa  should  be 
**U«iried. 

Is    some     works     the  1 
"!«*«  is  only  enpoTaled 
"*    *»[  that,  upon  cooling, 
P^'^^^njam  anlphata  dyatAllisi 
•*»pc*»ted  to  diyneaa. 

^Thepmlnct  obtained  by  the  above  operation  is  called  raw  or  crude  potash.  It  is 
'^■■wtt  casea  coloured  brown  by  an  admixture  of  organic  aubstnuee,  and  it  contains 
■**^»it  SO  par  cent,  of  water. 

CUsnofti?))  of  Crude  BjUuk. — The  object  of  this  operation  is  the  removal  of  water 
^4  itgaaie  rabatance.  Care  mnst,  however,  be  taken  to  avoid  beuting  the  potash  too 
^***!li.  oUiMwiae  it  may  melt,  and  some  of  IhoorennicBulrtnncuheconiB  imbedded  in  the 
?^*i  se  as  to  prevent  its  being  burnt ;  I  h  si  ilea  this,  tht  melted  potuch  vould  dissolve  out 
"_*^Pit  idd  ftom  the  hearth.  The  culcimition  \f  carried  ont  in  nvcrberatory  furnaces 
°^*W  rth  wood,  the  flame  passing  ovrr  the  potash  from  the  fhmaces  (ao,  flg.  182) 
**  Wl  ridea  of  the  caldnation  hcBrth  (e).  At  first  the  potiwh  fiuths  up  owing  to 
"Tp*?*  of  water :   it  then  becomes  black  from  the  scparalion  of  carbon,  and  ftnnlly, 

*™*ai  the  oiganic  subalanca   ia  o >  --'-  i  -  -    .>         -    > 

^*;ji*li-*liite  coloor.    Themaas  ii 


IS  out,  and  then  tbe  ntotl 


r  from  tl 


\ 


in  of  potash 


FoUBeriy  tbe  calcination  was  carried  out  ii 
jj'^*iiict  •ta  termed  potaah  ;  but  with  the  pre 
™^  plsn  wonW  bo  loo  inconvenient. 

^     Sacs  AuL—Thia  substance  ia  imported  from  America,  and  in  preparing  it  caustic 

!i*«i»sdded  in  the  liiiviatiun  of  thu  ashee.     In  this  way  caustic  potieh  is  formed, 

ith  which  caustic  potash  melta,  the  calcination  of  rock  flsli  can- 

reverberutory  (urn^icos.and.thBnfore,  tho  liquor  is  craponted  Id 


■^f  IS  added  m  the  lu 
"*>>igtolIiofiBrility  w 
**Uiarriedoot  inre 
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pans  until  a  drop  solidifies  to  a  hard  mass  upon  cooling,  and  then  tlie  ooneeotm* 
liquor  is  poured  into  iron  boxes,  where  it  sohdifies. 

Frablash. — This  substance,  also  imported  firom  America,  is  prepared  by  liziriatin 
ordinary  crude  potash  with  water,  drawing  off  the  liquor  when  clear,  eTapontiii) 
drying,  and  calcining.  Since  potash  absorbs  moisture  from  the  air,  it  requuet  to  1 
packed  in  well-dosed  vessels. 

Potash  fbom  Molasses. — Beet  molasses  contains  a  considerable  amount  of  inocgm 
salt,  especially  potash  salts,  which  can  be  profitably  extracted.  The  molaane  is  fin 
fermented,  and  its  sugar  converted  into  alcohol,  which  is  distilled  ofil  The  raidii 
after  distillation,  is  &en  concentrated  in  the  cooler  part  of  a  rererberatozy  fimuM 
the  hearth  of  which  is  .formed  by  an  iron  pan,  and  afterwards  calcined  in  the  hottti 
part  of  the  furnace.  The  mass  thus  obtained  is  of  a  dark  colour,  owing  to  the  pfceenei 
of  carbonised  substance ;  it  contains  about  25  per  cent,  of  insoluble  substance,  and  7 J 
per  cent,  of  soluble  salts,  including  30  to  35  per  cent  of  potassium  carbonate  and  18  k 
20  per  cent,  of  potassium  chloride.  This  mass  is  submitted  to  a  methodical  lizimtiiB 
and  the  liquor  thus  obtained  is  treated  for  potash  either  in  the  ordinarv  way  bj 
evaporsiting,  drying,  and  calcining,  or  by  fnictional  evaporation  and  ciT8tallisatioii,t( 
obtain  potassium  sulphate,  a  mixture  of  potassium  sulphate  and  sodium  carbootte 
))eside8  potassium  chloride,  sodium  carbonate,  a  double  compound  of  soda  azid  poteik 
and  lastly  tolerably  pure  potash,  by  evaporating  the  mother  liquor  to  drynesi  utt 
calcining. 

At  some  places  other  methods  are  adopted  for  concentrating  the  residhe  froi 
distilled  molasses ;  thus,  for  instance,  it  is  utlten  heated  by  steam  in  wooden  YWali, 
or  boiled  down  in  iron  pans,  heated  from  below. 

The  molasses  residue  is  often  so  strongly  calcined  that  it  has  a  white  or  gnpA' 
white  appearance.  The  insoluble  residue  obtained  after  lixiviating  the  calcined  mM 
is  used  as  manure. 

Potash  from  Wimb  Lhbs. — The  quantity  of  potash  obtained  from  this  souioe  if  fV 
insignificant.  The  residue  obtained  in  preparing  *  after  wine '  (vide  Wine)  is  dun, 
calcined,  and  lixiviated,  the  lye  thereby  obtained  being  treated  for  potash  in  tbs 
ordinary  way. 

Potash  from  Sba-Weed. — In  treating  sea-weed,  for  kelp  or  varec,  salts  are  mg^ 
rated  which  contain  potassium  carbonate.  They  only  require  lixiviation  in  oodir  to 
obtain  from  them  a  pure  potash. 

Potash  from  Suint. — The  greasy  exudation  from  the  skin  of  sheep  contains  a  lup 
amount  of  potash  salts,  and  the  water  used  for  washing  wix>l  is  worth  woridng  ^ 
potash  salts.  In  localities  where  woollen  manufactures  are  carried  on,  con8idwi|' 
quantities  of  potassium  sulphate  and  potassium  carbonate  are  obtained  from  thii 
source. 

For  this  purpose  the  wash  water  is  evaporated  to  dryness,  and  the  residue  hestw 
in  gas  retorts ;  the  gas  evolved  is  washed  to  separate)  ammonia,  and  is  then  used  ■■ 
illuminating  gas.  The  carbonaceous  residue  in  the  retorts  is  lixiviated,  and  tb0 
liquor  submitted  to  fractional  evaporation  and  crystallisation,  so  as  to  obtain  soooa** 
sively  potassium  sulphate,  potassium  chloride,  and  a  mother  liquor,  which,  vbao 
evaporated  to  dryness  and  calcined,  yields  comparatively  pure  potash. 

Potash  from  Potassium  Sitlphate. — The  preparation  of  potassium  carbonate  » 
this  way  is  conducted  in  the  same  manner  as  the  preparation  of  sodium  carbonate  ^ 
Leblanc's  method  by  heating  it  with  carbon  and  chalk.  The  potassium  snli^iate  i* 
first  reduced  to  potassium  sulphide,  according  to  the  equation  : 

K^O,  +   4C     -     K^   +   4C0. 

The  potassium  sulphide  then  reacts  upon  the  chalk,  forming  calcium  sulphide^  aaa 
potassium  carbonate,  according  to  the  equation : 

KjS  +   CaCO,     «     CaS  +  K^OO,. 

Owing  to  the  volatility  of  potassium  sulphide,  its  formation  in  this  process  iS" 
volves  great  loss  of  potash. 

The  insoluble  residue  left,  after  lixiviating  the  calcined  mass,  consists  essentially 
of  calcium  sulphide,  from  which  the  sulphur  is  recovered  according  to  one  of  the 
methods  mentioned  in  a  former  chapter  (mde  page  100). 

Potash  from  Schonite. — Schonite  (KjSO,  +  MgSOJ  also  admits  of  being  treated 
for  potash  according  to  Leblanc's  method  of  preparing  soda,  and  in  all  cases  wh«a 
potassium  sulphate  is  to  be  converted  into  potassium  carbonate,  the  presence  ol  soni 
schonite  is  advantageous,  since  the  magnesia  produced  from  the  magnesium  sniphidi 
renders  the  mass  porous,  and  facilitates  the  lixiviation. 
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llftiij  methods  haye  been  proposed  for  converting  potassium  chloride  into  car- 
boBito ;  bat  none  of  them  have  yet  proved  successfnl. 

Rxnvufo. — One  method  of  purifying  crude  potash  consists  in  treating  it  with  about 
thi«e>fourths  of  its  weight  of  pure  cold  water.  The  more  soluble  constituents,  such 
u  potiadam  carbonate  and  potassium  hydrate,  are  thus  dissolved,  while  the  less 
nlttble,  such  as  potassium  sulphate,  remain  for  the  most  part  undissolved.  The  cle;ir 
•olotku  drawn  Cfflf  and  evaporated  to  dryness  yields  a  residue  consisting  of  tolerably 
put  Dotassium  carbonate,  contaminated  with  small  quantities  only  of  potassium 
chkride,  dlioate,  and  sulphate. 

AnoUier  method  consists  in  treating  crude  potash  with  two  parts  of  water  in  an 
ino  caaldron,  with  the  application  of  a  gentle  heat ;  then  either  filtering  off  or  de- 
ctatingthe  solution,  and  evaporating  it  until  potassium  sulphate  crystallises  on  cooling. 
The  mother  liquor  is  then  decanted  off  and  concentrated  until  potassium  carbonate 
Mpintct  in  small  crystals  upon  cooling.  The  mother  liquor  contains  potassium 
chloride  and  potassium  silicate.    This  method  affords  a  very  pure  potash. 

Id'  this  country  crude  pearlash  is  refined  for  the  preparation  of  fiint  glass  by 
suiing  it  with  sawdust  and  calcining  the  mixture  in  a  reverberatory  furnace.  The  car- 
booie  irid,  formed  by  the  combustion  of  the  sawdust,  converts  the  potassium  hydnite 
tad  potavium  sulphide  in  the  crude  potash  into  potassium  carbonate.  The  mass  is 
thtt  liziTiated  with  cold  water,  the  liquor  left  to  settle,  the  residue  drawn  off, 
■9ua  enponted  to  dryness,  and  the  residue  calcined  in  a  reverberatory  furnace.  The 
ealdDed  mass  is  again  lixiviated,  the  liquor  evaporated  to  dryness,  and  the  residue 
ealflned  u  before.  The  calcined  product  of  this  operation  is  once  more  lixiviated,  the 
^sor  eoDcentrated  by  evaporation  until  potassium  sulphate  crystallises  out ;  the 
M^  liquor  is  then  further  concentrated  imtil  fine  crystals  of  potassium  carbonate 
■pente  oo  eooling.  The  crystals  are  removed  firom  the  mother  liquor,  and  consist  of 
v«7F«n  potash. 

Tie  Talue  of  crude  potash  is  dependent  upon  the  amount  of  potassium  carbonate 
ud  eaoidc  potash  it  contains.  For  certain  purposes,  however,  the  other  constituents 
of  erode  potash  are  not  without  value.  Thus,  for  instance,  in  the  manufacture  of  alum 
^  potaisium  chloride  and  potassium  sulphate  are  used. 


^•sii  Although  the  use  of  potash  for  industrial  purposes  is  in  many  cases 
MPFJaDted  by  the  cheaper  substance  soda,  it  still  finds  extensive  employment. 

rotaannm  carbonate  is  used  in  the  manufacture  of  potassium  nitrate,  Bohemian 
SIm,  for  preparing  smalt,  alum,  potassium  cyanide  and  chlorate,  as  well  as  other 
lM>«iuui  nits ;  it  is  also  used  as  a  manure,  and  in  dye  and  bleaching  works,  etc. 


FoRKTLA  KHCO,.     M0LBCULA.B  Wriqht  100*1. 

^  Alt,  commonly  called  potassium  bicarbonate,  is  a  white  crystalline  substance 
^  DQeh  less  soluble  in  water  than  the  normal  carbonate,  as  shown  by  the  following 
•*^byPoggiale: 

100  parts  of  water  at  0°  dissolve  19'61  parts  of  the  salt 

10°  „  23-33 
50'  „  37-92 
70°       „       46-24 

Tile  lolntioii  does  not  materially  affect  the  colour  of  red  litmus  or  turmeric  paper. 
"^  ei^stali  are  rhomboidal  prisms.  They  are  anhydrous ;  by  hi>at  the  salt  is  decom- 
P*^  P^ng  off  water  and  carbonic  dioxide  ;  this  aecom|>osition  tiking  place  to  some 
'^^ereD  when  a  solution  of  the  salt  is  boiled. 

Aeidpotasnum  carbonate  is  prepared  by  passing  carl>onic  dioxide  into  a  solution 
^PotuauQ  carbonate  in  water  ;  it  is  used  chiefly  for  medicinal  purposes. 


70°       „        46-24 


FoBMXJLA  K2SO4.    Molecular  Wkight  174*2. 

^--iwwma, — i*ota»ium  sulphate  crystallises  in  four-sided  prisms  or  double  six- 
*"*!  pyramids  belonging  to  the  trimetric  system.  It  is  sparingly  soluble  in  cold  wattT, 
?J^  i&ore  so  in  hot  water,  and  it  is  quite  insoluble  in  alcohol.  The  addition  of 
**"iol  to  an  tqneoufl  solution  of  potassium  sulphate  causes  the  complete  precipitation 
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of  the  salt  Potassinm  sulphate  is  remarkable  for  the  facility  with  which  it  eonbin.  i 
with  other  sulphates  to  form  double  salts.  A  few  of  these  double  sulphates  occur  natunl^ 
as,  for  instance,  polyhalite,  kainite,  and  schonit  e,  found  bt  Stassfurt.  Neariyc 
soluble  sulphates  form  double  salts  with  potassium  sulphate. 

FreparatloB. — The  conversion  of  potassium  chloride  into  sulphate  by  means  < 
sulphuric  acid  has  been  largely  carried  out  of  late  years.  The  process  is  similar  t 
Leblanc's  soda  process.  Potassium  chloride  is  placea  in  a  sulphate  furnace,  and  eartm 
with  sulphuric  acid,  the  escaping  hydrochloric  acid  being  condensed  and  collected.  Tin 
potassium  sulphate  is  then  generally  converted  into  carbonate  by  Leblanc*s  method. 

According  to  Gruneberg's  methoid  of  preparing  potassium  sulphate  from  polMHi 
chloride  and  artificial  schonite,  potassium  chloride  and  kiesente  are  first  diaotrtd 
together   in  hot  water ;  the  change  that  takes  place  is  rq>resented  by  the  fbUovof 

equation : 

Eieseiite  SchSnite  Cum«nite 

3Ka  +   2MgS04  «  MgSO^  +  K^O,  +  (EGl  •<- MgCI,). 

The  liquor  is  then  submitted  to  a  process  of  firaetional  cxystallisatioii,  lo  if  to 
separate  the  schonite  from  the  camallite.  The  schonite  is  then  dissolved  in  hot  wtlbK, 
the  solution  brought  to  a  concentration  corresponding  to  sp.  gr.  1*321,  and  poured  our 
finely  sifted  potassium  chloride,  with  which  it  is  allowed  to  xemai%  in  oontafltk  tilB 
the  temperature  has  sunk  to  40°.  At  this  point  the  greater  part  of  the  poCMdM 
chloride  is  converted  into  sulphate,  according  to  the  equation  : 

SohSnite  Camallite 

3Ka  +  MgSO,  +  K^04  =  2K^0<  +  (KCl  +  MgCl,). 

The  mother  liquor  poured  off  from  the  potassium  sulphate  yields  a  ftffther  mtf 
this  salt,  when  cooled  to  a  lower  temperature,  and  by  concentration  it  yic^  M 
schonite  and  then  camallite.  The  potassium  sulphate  thus  obtained  is  freed  frw 
mother  liquor  by  means  of  a  centrifugal  machine,  and  is  then  very  pore  (M  pv 
cent.) 

Oriineberg  also  treats  schonite  with  a  cold  solution  of  potastnum  chloride  ijiw^Jf' 
1  *  1 60,  by  pouring  and  re-pouriuff  the  cold  solution  over  the  schonite,  until  the  poteiMB 
chloride  has  been  almost  entirely  converted  into  potassium  sulphate.  The  liquor  te 
contains  chiefiy  camallite,  schonite,  and  potassium  chloride,  which  are  ezttMfeidlf 
evaporation  and  fractional  crystallisation. 

Potasfdum  sulphate  is  obtained  in  considerable  quantities  as  a  by-pzodnet  is  ^ 
preparation  of  a  number  of  salts,  as  in  the  treatment  of  the  mother  liquors  obteanedii 
the  preparation  of  common  salt  from  sea  water  and  brine  springs  (see  Sodium  Chlondi); 
in  the  preparation  of  iodine  (page  181) ;  in  the  preparation  of  potash  from  the  aihtftf 
plants ;  in  the  preparation  of  nitric  acid  from  potassium  nitrate  and  salphuiie  to^ 
(pace  46),  etc.  ^ 

Potassium  sulphate  has  also  of  late  been  obtained  from  kainite,  by  treating  it  w 
water,   which  decomposes   it  into  magnesium  chloride  and  schonite;  the  sek&Al;' 
crystallises  out,  and  is  treated  for  potassium  sulphate,  according  to  one  or  othfljT  flf  Al' 
methods  above  given. 

Uses. —Potassium  sulphate  is  considerabljjr  used  as  a  manure,  also  in  alum  aadlMi 
works.    A  recent  application  of  the  salt  consists  in  treating  it  for  potaah  by  LeUJ^Hi 
method. 


Formula  KHSO4.    Molbcdlab  Wkioht  136*1. 

This  salt  is  commonly  called  potassium  bisulphate,  and  is  intermediate  in 
sition  between  potassium  sulphate  and  hydric  sulphate;  it  molts  at  107°t  diewhttiV 
twice  its  weight  of  cold  water  and  in  half  its  weight  of  water  at  100^ ;  the  ciystalil 
the  form  of  flattened  rhombic  prisms  and  are  anhydrous.    At  a  high  temperatoztr 
is  given  off  and  then  sulphuric  oxide,  leaving  neutral  potassium  sulphate.    Acid  i 
sium  sulphate  is  often  obtained  as  a  by-product  in  chemical  operations, %nd  it  If 
sometimes  as  a  fiux  in  cases  where  the  action  of  an  acid  oxide  at  a  high  temj 
is  required,  as  in  the  decomposition  of  some  aluminous  minerals  for 
purposes. 
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AOm  VOTASSZUM  TAMTWULTM. 

FOBICUI.4  KECfiflf,    MOLBCUULB  WmoHT  188-1. 

Thif  nltk  which  is  known  in  the  purified  state  as  potas^um  bi tartrate  or  cream 
of  tartar,  occurs  in  commerce  in  an  impure  form  as  tartar  or  argol,  the  latter  con- 
Bftinff  of  the  oyitaUine  cmst  deposited  from  grape  juice  during  its  fermentation,  upon 
th*  ndM  of  the  Tats  or  wells  in  which  the  process  takes  place,  while  the  former  is 
produced  from  it  bj  extraction  with  hot  water  and  crystallisation. 

Algol  exhibits  a  wide  range  of  composition,  the  amount  of  tartaric  acid  ranging, 
■ceofding  to  Warington,  from  40  to  70  per  cent  Pure  bitartrate  contains  79*7  per 
eent  tartaric  add.  Argol  often  contains  small  particles  of  sulphur,  which  originate 
from  the  snlphnxing  of  the  casks. 

Tartar  contains  from  70  to  77  percent  of  tartaric  acid,  and,  according  to  Waring- 
ton, from  1*5  to  44*5  of  this  exists  in  the  state  of  calcium  tartrate  in  the  best  kinds  of 
tartar,  which  come  from  Southern  Italy  and  Messina.  According  to  Scheuror-Xestner, 
MOM  kinds  of  Fnnch  and  Hungarian  tartar  contain  calcium  tartrate  in  much  larger 
UDoont,  as  much  as  46  per  cent  Tartar  of  inferior  quality  contains,  besides  potassium 
Utaitnte  and  calcium  tartrate,  small  amounts  of  carbonates,  sulphates,  phosphates, 
iBd  lOicates,  together  with  organic  substances. 

The  purified  salt  as  usuaUy  met  with  forms  colourless  crystalline  masses ;  it  is  but 
di^tly  soluble  in  water,  requiring  240  times  its  weight  of  cold  water  and  15  parts  of 
Viling  viter  for  solution ;  it  is  insoluble  in  alcohol,  and  its  solubility  in  water  is  re- 
ted  by  the  presence  of  a  small  amount  of  alcohol.  It  is  on  this  account  that  the 
■Hii  deposited  from  ffrape  juice,  as  in  the  process  of  fermentation  the  sugar  it  contains 
it  eoDfirted  into  alcohol. 

ViMS.— Potassium  bitartrate  is  frequently  used  as  a  mordant  in  dyeing  wool  and 
ivmpuing  pure  potassium  carbonate  ;  when  mixed  with  alum  and  chalk  it  forms  a 
|iM  povder  tar  deaning  plate.  Black  flux,  consisting  of  potassium  carbonate 
■ind  vith  carbon,  is  prepared  by  heating  the  bitartrate  to  redness  in  a  close  crucible. 
Vkite  flux,  consisting  of  potassium  carbonate,  is  obtained  by  igniting  a  mixture  of 
^Utaitiate  and  potassium  nitrate. 


FoufnuL  EHCsOf.   Moukuiab  Wboht  128*1. 

Titti  nit,  which  is  commonly  called  Sal  t  of  Sorrel,  occurs  in  the  juice  of  various 
■Miof  JhfffMX  and  OxalU ;  it  is  obtained  either  by  crystallisation  from  the  clarified 

{^cf  tbese  plants,  or  by  p^iall^  neutralising  oxalic  acid  with  potasf<ium  carbonate*. 

hlifec transparent  crystals  containing  one  molecule  of  water  of  crystallisation ;  it  has 

**iBr  taste,  and  is  sparingly  soluble  in  water,  requiring  14  times  its  weight  of  cold 

*^tad  4  parts  of^boiling  water. 

.   Add  potassium  oxalate  is  used  for  scouring  metals  and  for  removing  ink  stains  or 

^  feonld,  its  action  in  this  case  being  due  to  the  formation  of  a  double  potassium 

(•d  iioD  onlata,  which  is  soluble  in  water. 

.   Aaother  salt,  containing  a  larger  proportion  of  oxalic  acid,  is  sometimes  met  with 

^cottMice  as  salt  of  sonel ;  it  is  a  tetroxalato  or  quadroxalate,  the  composition  of 

^  ii  rtprMented  by  the  formula  KH,.  20,0^.  2aq. 


voTASsziTM  mrrmMTM  (ujkj^rwwrRm). 

FoBMXTLA  ENO,.    MoLBcniAB  Wkioht  101*1. 

Jm — ^The  salt  which  the  Greeks  and  Romans  called  *  nitrum '  was  in  all 
MiUli^  potassivm  carbonate,  and  not  potassium  nitrate,  as  was  at  one  time  sup- 
9^  Tne\ariiest  accounts  of  saltpetre  are  of  more  recent  date.  In  the  eightli 
^^  BCBtioD  is  made  by  Geber  of  a  salt, '  sal  petrsB,'  which  was  probably  ordinary 
^ItpetR.  Magnus  Gr»cus,  to  whom  we  are  indebted  for  the  first  account  of  the  pre- 
1!*<'^tioB  of  gunpowder,  must  also  have  been  acquainted  with  this  salt.  It  was  men- 
^'^  later  on  m  the  thirteenth  and  fourteenth  centuries,  generally  under  the  name 
^^trsm,  in  the  writings  of  Albertas  Magnus,  Soger  Bacon,  and  Raymond  Lully. 
^^  hi  1667*  was  the  first  to  state  that  saltpetre  contains  fixed  alkali  and  nitric 

p2 
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OoomreBee. — Saltpetre  ooeura  Daturally  in  considerable  qoantities.  It 
found  as  an  efflorescence  upon  the  snr&ce  of  the  ground,  as  in  the  neighboi 
the  Ganges  in  India,  in  the  island  of  Ceylon,  in  Peru,  Chili,  Egypt,  Penia,  ] 
etc.  The  ?rust  of  salt,  which  is  often  as  much  as  ^  in.  in  thickness,  is  general] 
after  the  rainy  season  is  over.  In  other  districts,  saltpetre  is  found  at  some 
below  the  surface  of  the  earth,  in  layers  of  vairing  thickness,  mixed  with 
other  impurities.  Saltpetre  is  also  found  in  cares,  as  in  Ceylon,  in  Ken 
Nordi  America,  in  Apulia,  in  Naples,  etc.  Saltpetre  occurs  in  small  qiuu 
Germany,  in  the  red  sandstone  near  Gottingen,  in  the  Tuffkalk  caves  near  ^K 
it  is  found  in  France,  in  the  chalk  at  Koche-Guyon,  Angouldme,  eto. ;  in  Foirt 
Lisbon  ;  and  in  Russia  in  the  Ukraine. 

OompositlOB  and  Properties. — The  composition  of  potassium  nitntf 

sented  by  the  formula     xr  [  0.     It  is  often  called  prismatic  saltpetre  or  pd 

petre,  to  distinguish  it  from  cubic  or  Chili  saltpetre,  which  is  sodium  nitzata 
num  nitrate  crystallises  in  long  six-sided  prisms  belonging  to  the  trimetri< 
The  crystals  often  contain  cavities  filled  with  mother  liquor,  which  renden 
petre  impure.    Potassium  nitrate  possesses  a  strong  saline  and  cooling  taste 
gently  heated  it  melts  to  a  mobile  liquid,  which  solidifies  on  cooling.     A 
beat  causes  decomposition ;  oxygen  is  evolved,  and  potassium  nitrite  remai 
application  of  a  still  stronger  heat  causes  decomposition  of  the  potaannni 
nitro^n  and  oxygen  escaping,  while  a  mixture  of  potash  and  potasrinm 
remains  behind.     Potassium  nitrate  is  not  very  soluble  in  water  at  the 
temperature ;    but  its  solubility  increases  very  rapidly  with  rise  of  tem 
According  to  Gay-Lussac  the  solubility  of  this  salt  m  100  parts  of  water  at 
temperatures  is  as  follows : — 

At    0^ 13*82  parts 

„  ll*>-67 22-28     „ 

„  24<>-94 38-40     ,. 

„  460-10 74-66     „ 

„  66*»-46 126-42     „ 

„  97*^-66 286-46     „ 

The  following  table  by  Gerlach  shows  the  relation  between  the  peiee 
saltpetre  in  aqueous  solutions  of  the  salt,  at  a  temperature  of  16^,  and  th 
gravity  of  such  solutions : 


Spedflc  Gravity 

Percentage  of  Saltpetre 

Spedflo  Gravity 

PsroeDtsgeof 

100641 

1 

107906 

12 

1-01283 

2 

1-08606 

18 

101924 

3 

1-09286 

14 

102666 

4 

1-09977 

16 

1-03207 

6 

1  10701 

16 

103870 

6 

111426 

17 

104634 

7 

1-12160 

18 

1-06197 

8 

1-12876 

19 

106861 

9 

M3699 

20 

106624 

10 

1-14361 

21 

1-07216 

11 

1 

1-14427 

21*07 

Heated  with  other  bodies,  saltpetre  exerts  upon  them  a  powerful  oxidising 
carbon  is  oxidised  to  carbonic  acid,  sulphur  to  sulphuric  acid,  and  most  of  tht 
to  their  respective  oxides,  etc. 

PreparatlOB. —Saltpetre  is  obtained  in  three  ways :  a,  by  lixiviation  oft 
containing  naturally  formed  saltpetre ;  fi,  by  means  of  nitre  plantations;  y,  b} 
posing  Chili  saltpetre  with  potassium  chloride. 

Natural  Saltprtrr. — ^The  method  adopted  for  the  treatment  varies  i 
district  where  it  is  found.  In  India  the  saltpetre  earth  is  made  up  into  larg< 
where,  under  constant  stirring  of  the  mass,  it  is  exposed  for  some  time  to  the  a 
the  air,  the  haaps  being  protected  by  sheds  during  the  rainy  season.  After  tl 
has  lain  sufficiently  long,  it  is  brought  into  macerating  vessels,  where  it  is  treat 
water,  and  after  a  few  hours  the  lye  is  drawn  off,  allowed  to  clear  in  large 
and  then  evaporated  in  suitable  pains  until  a  crust  of  saltpetre  forms  on  tlw 
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The  lye  is  then  dzawn  off  into  shallow  crystallising  vessels,  where  it  deposits  crystals 
of  erode  saltpetre. 

The  same  method  is  adopted  in  Egypt,  Persia,  and  South  America. 

Saltpetre  occurs  in  Ceylon  in  caves  situated  in  a  rock  consisting  chiefly  of  dolomite 
mixed  with  felspar,  quartz,  and  mica.  To  obtain  the  saltpetre  the  rock  is  excavatod 
from  the  sides  of  the  caves,  broken  up,  and  mixed  with  wood  ashes,  and  the  mixture 
liiimtei  Crude  saltpetre  is  then  obtained  by  evaporating  the  lye  thus  obtained, 
and  alloiring  it  to  crystallise  in  earthen  pots.  The  addition  of  wood  ashes  is  intended 
toecmvortlhe  magnesium  nitrate  into  potassium  nitrate  by  means  of  the  potassium 
evbooate  contained  in  them. 

k  Hnogazy,  at  Nagy-kallo,  Nyiregyhaza,  Debreczin,  etc.,  the  saltpetre  earth  is 
senped  t(^g^er  with  a  kind  of  spade,  or  by  means  of  a  peculiarly  constructed  plough, 
the  altpetre  being  then  obtained  by  lixiviation  and  evaporation  of  the  lye. 

The  amount  of  saltpetre  contained  in  the  different  saltpetre  earths  varies  con- 
ndenbly.  Saltpetre  earth  from  Tirhoot  in  Bengal  contains  from  8  to  9  per  cent,  of 
poUssiiun  nitrate,  and  from  3  to  4  per  cent,  of  calcium  nitrate.  The  saltpetre  rock  of 
Ctflon  contains,  according  to  J.  Davy,  2*4  per  cent,  of  potassium  nitrate,  and  0'7  per 
eent  of  magnesium  nitrate.  Ragsky  s  analyses  of  the  saltpetre  earths  of  Hungary 
itpreieDt  the  latter  as  containing  from  4  to  2^  per  cent  of  potassium  nitrato. 

PuxTinoNS. — This  method  of  preparing  saltpetre  was  formerly  far  more 
SMunl  than  at  the  present  time,  it  having  been  found  that  the  importation  of 
Mtnnlly  formed  saltpetre,  as  well  as  the  manufacture  of  potassium  nitrate  by  con- 
▼UBOD  from  Chili  saltpetre,  are  cheaper  sources. 

W«iy  of  the  formation  of  Saltpetre. — The  formation  of  nitric  acid  takes  place 
vhen  deo&ying  animal  substances  are  exposed  to  the  action  of  moisture  and  atmo- 
spheric air  in  contact  with  materials  containing  much  potash  or  carbonate  of  lime — for 
iBftaoce,  marl,  old  building  rubbish,  road  scrapings,  etc.,  or  vegetable  substances  con- 
t^uung  potash,  such  as  the  leaves  and  stems  of  the  potato,  beet,  sunflower,  nettles, 
etc.  Br  the  decay  of  the  animal  substances,  ammonia  is  first  formed,  and  this  is 
SndoaUy  oxidised.  In  saltpetre  plantations  these  materials  are  arranged  in  ridges 
or  hetpt  of  a  pyramidal  shape,  exposed  in  all  directions  to  the  action  of  atmo- 
ipl^air,  the  cumulation  of  which  is  promoted  by  layers  of  straw.  The  heaps  are  pro- 
^^^  from  rain  by  roofs.  The  ground  upon  which  these  heaps  are  built  is  first 
^''ttBd  with  clay  well  rammed  down,  so  as  to  prevent  nitrates  from  being  washed 
^^yby  the  penetration  of  water.  The  heap  is  watered  at  intervals  with  lant  (stale 
^BJit),  which  afforvls  a  supply  of  nitrogenous  material  as  well  as  water.  These  heaps 
j^  generally  allowed  to  remain  at  rest  for  a  period  varying  from  one  to  three  years. 
Toti  aie  made  from  time  to  time  to  ascertain  the  point  of  ripening,  when  the 
fonnation  of  saltpetre  is  at  an  end.  A  cubic  foot  of  tne  earth  ought  to  yield  about 
H^  of  saltpetre. 

f^tpctration  of  the  Crude  Lye. — The  ripe  earth  is  broken  up  with  mallets  or  hammers, 
^  sfter  being  sifted  to  separate  lumps,  the  finely  divided  earth  is  lixiviated  in 
f^  A  manner  Uiat  dilute  solutions  obtained  from  portions  of  earth  that  have  already 
MOi  oDce  washed  are  used  for  lixiviating  fre!>h  portions  of  earth.  The  lixiviating 
'•■••Is  are  either  tubs  with  perforated  false  bottoms  upon  which  the  earth  is  strewn, 
J'll'^ow  wooden  boxes  widening  towards  their  upper  part,  and  furnished  near  the 
^ou  with  lateral  holes  for  running  off  the  lye.  The  holes  can  be  closed  with  plugs, 
•^  to  prevent  their  being  stopped  by  pieces  of  earth,  they  are  protected  intemaUy 
^^pnforated  boards.  Two  of  these  vessels  are  placed  side  by  side,  and  when  filled 
T^  earth,  water,  in  quantity  equal  to  half  the  volume  of  earth,  is  poured  in,  so  as 
i**  to  eoTPT  the  earth.  After  about  twenty-four  hours  the  lye  is  (frawn  off  by  re- 
*o^  the  plugs,  and  the  residue  in  the  lixiviating  vessel  is  treated  with  a  fresh 
9**Btity  of  water,  the  lye  from  this  second  lixiviation  (if  it  does  not  contain  over 
^.  per  eent  of  saltpetre)  being  used  for  lixiviating  fresh  portions  of  earth.  A  third 
^j^i^^iatioii  of  a  quantity  of  earth  yields  a  lye  which  is  also  employed  for  the  lixiviation 
"  ft'sh  portions  of  earth. 

Other  kinds  of  lixiviating  apparatus,  such  as  those  used  in  alkali  works,  may  be 
^eoBveniently  used  for  the  hxiviation  of  saltpetre. 

^fmiiMg  the  Raw  Lye.-  8ince  in  the  construction  of  saltpetre  plantations  calcium 
J^oaate  is  nearly  always  the  material  used  for  supplying  the  base,  the  nitric  acid  in 
■•nwlye  is  tea  great  extent  in  combination  with  calcium.  Besides  calcium  nitrate,  the 
9'^eoBtains  magnesium  and  potassium  nitriit^^ii,  as  well  as  small  quantities  of  calcium, 
^'liMnim  and  potassium  chlorides,  together  with  organic  substances  and  salts  of 
^^Hoit.  TIm  coDTersion  of  the  calcium  or  magnesium  nitrate  into  the  correspond- 
■IpQttatiQm  salt  is  an  operation  termed  technically  breaking  the  lye.  For  this 
^ipQse  pntoMinm  carbonate  or  potash  is  added  to  the  lye,  which  re-acts  with  the 
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calcium  nitred^  forming  insoluble  csleiimi  cuboDBta  uid  potaiBimi  nitimts,  mtran 
to  the  folloTing  equation : 

CaaNO,  +  K,CO,     -     CaCO,   +  2KN0^ 

Hagnesiam  nitrate  is  likewise  decompOB«d  in  s  simiUr  m&nner,  while  the  eak 
end  magneaiiim  chloiidos  of  the  crude  Ije  yield,  with  potassium  calbonate,  pot— 
chloride  and  the  carbonates  of  cnlcium  and  magD^aiam  respectivel;. 

The  operation  is  carried  out  as  foUowa.  A  siuall  qnaotitf  of  pobiah  is  diMO 
ia  doublo  tho  quantity  of  waler.  aod  a  measured  quantity  of  the  law  lya  w  tm 
with  this  Holutioii  until  all  the  calcium  and  magnoeium  ara  precipicstad.  Fnm 
quantity  of  potash  solutioa  required  in  this  teec  the  quantJt;  requimd  for  tba  wl 
of  tho  crude  lye  is  calculated,  and  mixed  with  the  lye  in  lai^  wooden  t«b«.  A 
HtiiudiDg  a  ehort  time  tho  precipitate  settles,  and  the  clear  lye  abore  is  drawn  (tf 
taking  out  plugs  at  different  heighta  along  the  irides  of  the  tube. 

Other  materials  used  in  the  place  of  potash  for  breaking  the  lye  an  potM 
sol^hate,  potaHium  chloride,  and  sodium  sulphate.  In  this  case,  howerer,  tha  B 
nesium  aslts  contained  in  the  crude  lye  are  decomposed  before  adding  the  potaih  s 
by  the  addition  of  milk  of  lime,  which  throws  down  magnesia  as  a  precipllata.  ' 
calcium  Ib  then  precipitated  as  sulphate. 

In  the  oext  operatiou  of  boiling  down,  the  Ijo  is  eoncentnlod  to  sneh  an  aitcnt  t 
the  potassium  and  sbdiom  chlorides  separate  for  the  most  part  from  the  hot  aoltti 
whilo  the  crude  naltpetre  crystallises  out  on  allowing  the  lye  to  cool. 

Fig.  133  represents  an  appamtos  for  boiling  down  the  crude  iya.  The  lyi 
brought  into  the  hemispherical  paa  : 
and  heated  ta  the  boiling  point  l^  nsi 
of  a  fire  A.  The  hot  air  bwa  the  itn  pli 
first  of  all  Qpon  the  bottom  of  tb«  p 
then  pasaee  round  it  and  undenM 
another  pan,  where  the  Ije  U  heatsiL  ■ 
'■  escapes  OTentually  into  a  chinuw^. 
some  ploroB  the  Hue  gas  is  mads  to  \mi 
pan  tor  drying  the  saltpetre.  'Whaa  I 
crude  lye  tiogins  to  boil,  ths  prsrknalydi 
solved  calcium  carbonate  or  sulphate  a 
first  sepamted,  die  partidea  suspenU  i 
the  liquid  bding  curried  upwaiw  it  tl 
idea  by  the  bailing  motion  of  thg  liVDi 
,nd  falling  to  the  bottom  in  themidilisc 
he  vessel.  In  order  to  prevent  this  J" 
ipitBto  from  adhering  to  the  bottom  i/>h 

pan,  as  well  as  for  tjie  convenieiiee  rfw 

moTingit,  a  cullender(c).  supported  by  a  chain  {d)  running  over  pulleys  (ifif^tiplao 
at  the  bottom  of  the  pan  ;  this  catches  tho  precipitate,  and  ia  occasioualiy  dnwa  j" 
and  emptied  upon  a  strainer  (//"),  which  allows  tho  nilhenint  lyo  to  How  lack  inM  1* 
evaporating  pan.  The  Bcum  farmed  during  the  boiling  down  is  dne  to  (fft^iic  *■>> 
stances;  this  is  removed  by  means  of  a  perforated  ladle.  Further  boihig  do*l 
causes  separatioo  of  the  potassium  and  sodium  chlorides  that  are  collected  uul 
In  spile  of  the  care  taken  in  allowing  the  adherent  mother  liquor  to  dninlW 
into  the  pan  from  the  first  precipitatce,  they  still  retain  considerable  quantitiett 
saltpetre.  They  are  therefore  placed  in  baskets  and  immersed  in  boiling  walv,  ttj 
operation  being  repeated  with  frash  portions  until  a  lye  Is  obtained  satuiattd  WB 
aaltpetre,  from  which  saltpetre  crystaUisps  out  upon  cooling.  In  proportion  ■  th 
crude  saltpetre  lye  evaporates,  new  portions  of  lye  are  run  in,  until  Uie  Airthtt  lt>M 
tion  of  cubic  eryetals  of  ths  chlorides  of  potassium  and  sodium  ceasas,  and  •  1* 
crystalline  Sim  of  saltpetre  is  formed.  A  portion  of  the  lye  tested  at  this  poist  V 
dropping  it  upon  a  cold  surface,  aolidiflee  at  once.  _  , 

When  this  point  J a  reachod  the  lye  is  ran  off  into  targe  settling  vats,  wbcM  it  I 
allowed  to  remain  about  six  hoars,  in  order  to  deposit  all  suspended  iiupuiiM 
When  the  temperature  of  tho  mass  has  cooled  clown  (a  BO"  the  clear  lye  ia  dnwl  ^ 
into  cryHtalliiiing  vessels,  where  it  cools  in  about  a  couple  of  days,  and  the  erndsMU 
petre  crystallises  out.  The  mother  liquor,  soparatod  from  tho  salt,  iarBtomedto* 
evaporating  pans,  but  eventually  it  becomes  so  concentrated  and  contains  so  liq*  *i 
amonnt  of  foreign  salts,  and  is  bo  much  coloured  with  organic  substances,  that  it  i 
dtier  thrown  away  or  addeil  to  tho  Bsltpotre  earth. 

According  to  the  purpose  for  which  saltpotre  is  to  be  used  it  is  i  l ^alalliwl  j 
laige  or  omall  crystals.  When  required  for  the  manufacture  of  nitiio  add,  it  is  W 
to  eiyKtallise  in  a  very  minute  state  of  division,  by  continually  stiiriiig  the  hot  1} 
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dinng  ciystallintioii ;  but  when  it  U  required  for  subsequent  refining,  crystallisation 
ii  allowed  to  go  on  slowly,  so  that  large  crystals  may  bo  obtained. 

Cnde  saltpe^  may  contain  as  much  as  twentv-five  percent,  of  impurities,  amongst 
vfaieh  the  potassium  and  sodium  chlorides  constitute  an  important  part ;  it  also  con- 
(aiu  f mall  quantities  of  sodium,  calcium,  and  magnesium  sulphates,  together  with  a 
null  quantity  of  oxganic  matter. 

B^fiam^  of  Crude  Saltpetre. — In  order  to  separate  impurities,  the  crude  saltpetre 
a  placed  u  large  iron  or  copper  vessels,  and  dissolved  with  the  application  of  a 
■odente  heat  in  about  half  its  weight  of  water.  This  solution  is  made  to  boil,  and 
a  fiother  addition  is  then  made  of  one-and-a-half  times  as  much  more  raw  saltpetre. 
Hm  water  present  suffices  for  the  complete  solution  of  all  the  potassium  nitrate,  but 
Imtw  a  considerable  quantity  of  the  comparatively  less  soluble  potassium  and  sodium 
ehloridea  nndissolvod,  which  is  removed  with  perforated  ladles,  while  at  the  same 
tnna  the  organic  scum  is  skimmed  off.  When  calcium  and  magnesium  salts  are  present, 
thiy  are  got  rid  of  by  adding  to  the  lye  a  sufficient  quantity  of  potassium  carbonate. 
The  eomplete  removal  of  organic  matter  is  effected  by  diluting  the  lye  with  about 
half  its  Tolnme  of  water,  and  adding  a  hot  solution  of  glue.  A  fresh  scum  is  thus 
fanned  containing  all  the  organic  substance  combined  with  gelatin,  and  this  is  skim- 
med off  When  the  formation  of  scum  has  entirely  ceased,  uio  lye  is  left  at  rest  for 
ab(wt  tweoty-four  hours,  after  which  time  it  will  have  cooled  down  to  about  90**, 
Md  become  clear.  It  is  then  drawn  off  into  shallow  cast-iron  crystallising 
▼*»!«,  the  bottoms  of  which  slope  towards  the  centre.  The  liquid  is  constantly 
^^  while  cooling,  so  that  very  small  crystals  may  be  formed  (saltpetre  flour), 
]jhich  an  porer  than  large  crvstals,  since  they  do  not  contain  enclosed  mother  liquor. 
p>  nltpetre  floor  is  raked  out  as  soon  as  formed,  and  the  mother  liquor  is 
^'^  off  from  the  centre  of  the  pans,  and  used  for  dissolving  fresh  portions  of  crude 
••l^etre. 

Washina  the  Saltpetre  Flour, — ^The  object  of  this  operation  is  to  remove  from  the 
^fp^  adhering  mother  liquor,  as  well  as  to  effect  the  solution  and  removal  of  any 
^^Mei  separated  with  the  saltpetre.  For  this  purpose  wooden  washing  vats  are 
^■plojed  about  10  feet  long  and  3  feet  wide,  narrower  at  the  bottom  than  at 
^  t(^.   They  are  furnished  with  a  perforated  bottom  upon  which  the  saltpetre  flour 

*  placed,  and  covered  with  a  concentrated  solution  of  pure  saltpetre,  witn  which  it 
1*  allowed  to  remain  in  contact  for  three  hours.  The  liquor  is  then  drawn  off,  and 
"*  >tltpetie  washed  with  an  equal  quantity  of  water,  the  operation  of  washing  with 
s  nlotioQ  of  pure  salt^tre  and  then  with  water  being  repeated  twice  or  more  until 
^.pQition  of  the  wash  liquor  when  tested  ceases  to  give  a  perceptible  precipitate  with 
^^  mtzate.  The  first  portions  of  wash  liquor  are  used  for  dissolving  fresh  portions 
Jjf  nw  itltpetre,  the  last  purer  portions  for  treating  fresh  quantities  of  saltpetre 
"^'  The  saltpetre  flour,  after  having  been  in  this  way  rendered  perfectly  pure,  is 
^Uovtd  to  remain  a  few  days  still  in  the  washing  tanks,  after  which  it  is  taken  out 
•"ddried. 

.    -^M^  the  Saltpetre. — The  drying  of  the  saltpetre  is  effected  in  various  ways.    It 

*  lonietimes  dried  in  pans  at  a  moderate  temperature,  sometimes  in  a  current  of  hot 
**'^Q0  drving  tables  covered  with  linen.  In  some  places  the  siiltpetre  is  melto<i  and 
f^uU)  sticks  or  blocks.  Occasionally  it  is  again  dissolved  in  water  and  convertuvl 
^  large  crystals  by  a  process  of  slow  crystallisation. 

The  loss  sustained  by  refining  amounts  to  about  25  per  cent,  of  the  total  quantity 
^  Potaarium  nitratA  contained  in  the  raw  saltpetre. 

I  ^^^^"^  rf  Indian  Saltpetre. — The  metliod  of  refining  the  crude  saltpetre  from 
'^  b  essentially  the  same  as  th*it  just  described ;  the  loss  is,  however,  not  more 
^from  6  to  7  per  cent.,  since  the  raw  material  is  less  impure. 

IWabatiosc  of  Potassium  Nitrate  fbom  Chili  Saltpstrk. — The  oonvcrNion 
^  Chili  saltpetre  or  sodium  nitrate  into  the  corresponding  potassium  salt  depends 
^^  the  fiMt  that  concentrated  solutions  of  potassium  chlonde  and  soilium  nitrate 
^''■idlj  decompose  when  heated,  forming  sodium  chloride  and  potassium  nitrate 
'^'^'diBg  to  the  equation : 

KCl  +   NaNO,     -     KNO,  +  NaCl. 

.  ^opoatioo  is  carried  out  as  follows:  An  aqueous  solution  of  potassium  chloride 
^PUptredof  a  specific  gravity  of  1*200  to  1*210  in  a  large  cast-iron  cauldron  holding 
'^  880  gftllftwa,  and  mixed  with  an  equivalent  quantity  of  Chili  saltpetre ;  the 
*"^hei]^  heated  until  the  lye  has  a  speciflc  gravity  of  1*500.  In  estimating  the 
I^Utitiei  df  the  respective  salts,  it  must  be  remembered  that  commercial  Chili  salt- 
V*^  diM  not  contain  more  than  from  90  to  96  per  cent,  of  sodium  nitrate,  and  that 
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commorcial  potassium  chloride,  according  to  the  source  from  which  it  is  ob 
tains  only  from  60  to  96  per  cent  of  potassium  chloride.  The  sodium  chlori< 
during  thu  boiling  of  the  lye  is  removed  either  with  rakes  or  culIendeiB 
to  drain  in  a  wooden  strainer  above  the  boiling  pan.  The  crystals  of  sodii 
are  washed  with  a  small  quantity  of  water,  which  is  also  allowed  to  nm  b 
boiling  pan.  As  soon  as  the  lye  shows  a  specific  gravity  of  1'500,  it  is 
stand  a  short  time  to  get  clear,  and  is  then  run  into  shallow  crystallis 
where  the  crystallisation  is  generally  complete  in  about  twenty*four  houi 
the  crystallisation  the  whole  is  stirred  so  as  to  obtain  very  small  crystals, 
crystallisation  is  complete  the  mother  liquor  is  drawn  on  and  the  ciysta 
wooden  tanks  furnished  with  perforated  false  bottoms,  where  they  are  j 
with  water  and  allowed  to  remain  thus  for  about  eight  hours.  The  lye  ther) 
containing  the  greater  part  of  the  impurities  present  in  the  saltpetre,  sucl 
chloride,  sodium  nitrate,  potassium  chloride,  etc.,  is  drawn  off,  this  oper 
repeated  once  or  twice,  according  to  the  degree  of  purity  required  for  tfa 
The  mother  and  wash  liquors  are  used  for  dissolving  fi^Bsh  portions  of 
chloride. 

Wbllner's  Method, — According  to  this  method  Chili  saltpetre  is  oon 
potassium  nitrate  by  means  of  potassium  carbonate.  Solutions  of  Chili  ss 
potassium  carbonate,  each  of  a  concentration  of  sp.  gr.  1*380,  are  allon 
in  the  requisite  proportions  into  large  metal  pans,  where  the  liquor  is  he 
has  a  specific  gravity  of  1'462  to  1*490.  The  sodium  carbonate,  which 
separates,  together  with  much  sodium  nitrate,  during  the  heating,  is  removed 
in  filtering  boxes  consisting  of  sheet-iron  cylinders,  with  perforated  fiUi 
These  cylinders  admit  of  being  hermetically  closed,  and  they  are  furnished  c 
part  with  cocks  for  admitting  steam,  while  at  the  lower  part  there  are  tap^  ; 
.  off  the  lye.  Upon  passing  steam  into  the  cylinders  filled  with  sodium  car 
taining  sodium  nitrate,  both  salts  are  dissolved,  but  the  potassium  nitra 
being  spc>cifically  heavier  than  the  solution  of  sodium  carbonate,  in  the  to 
sp.  gr.  1-462  or  1*490  to  sp.  gr.  1*299,  sinks  to  the  bottom  of  the  c^n 
drawn  off  first,  the  soda  lye  ^terwards.  The  lye,  containing  potassinn 
run  back  into  the  boiling  pan,  and  this  operation  is  continued  until  pun 
nitrate  crystallises  out  upon  cooling  the  lye,  for  which  purpose  it  is  dra^ 
crystallising  vessels. 

A  modification  of  the  above  process  consists  in  treating  the  sodium 
resulting  from  the  decomposition  of  sodium  nitrate  and  potassium  carb< 
hydrate  of  calcium  before  the  separation,  whereby  the  soda  is  converted  i 
soda,  and  the  calcium  carbonate  thereby  formed  settles  at  the  bottom  of  th 
an  insoluble  precipitate.  The  lye  is  drawn  off  from  the  latter  and  evapora 
upon  saltpetre  crystallises  out,  and  caustic  soda  remains  dissolved,  wfai 
obtained  by  further  evaporation. 

Chili  saltpetre  may  be  also  converted  into  ordinary  saltpetre  by  treati 
caustic  potash,  wherebv  caustic  soda  is  obtained  as  a  by-product.     Anoth 
consists  in  treating  soaa  saltpetre  with  a  solution  of  barium  chloride,  so 
barium  nitrate,  which  is  sparingly  soluble,  and  is  precipitated  in  a  very 
By  treating  the  barium  nitrate  with  potassium  sulphate,  insoluble  barium 
formed,  and  the  lye  contains  potassium  nitrate. 

Tkstino  of  Potassium  Nitbatb. — In  testing  commercial  saltpetre  the  < 
to  bo  ascertained  is  the  percentage  of  pure  potassium  nitrato.  The  actual 
are  determined  in  the  oiilinary  analytical  way. 

Austrian  Saltpetre  Test. — This  test  was  introduced  by  Huss,  and  is  base 
fact  that  a  defimte  quantity  of  water,  at  different  temperatures,  dissolvei 
quantity  of  potassium  nitrate ;  and,  farther,  that  the  quantity  dissolved  is 
influenced  by  the  presence  of  sodium  or  potassium  chloride.  Therefore,  on 
a  known  quantity  of  saltpetre  in  a  known  quantity  of  water,  potiissium  z 
crystallise  out  of  tlie  solution  immediately  the  temperature  is  reduced 
point  at  which  the  potassium  nitrate  contained  in  the  saltpetre  sample  toi 
rated  solution  with  tlie  water  employed. 

In  making  this  test  40  parts  of  saltpetre  are  dissolved  in  100  parts  of  ' 
temper;ituro  of  67°,  the  water  evaporated  during  the  process  of  dissolving  bein| 
the  solution  is  filtered  off,  and  the  vessel  containing  thcfiltnite  is  placed  in< 
the  tompomture  at  which  potasHium  nitrate  b<'gins  to  separate  being  asce 
mcms  of  a  very  delicate  thermometer. 

By  refiTcnco  to  the  following  table  constructed  by  Uum,  the  quantity  of 
pctre  that  is  dissolved  in  100  pirts  of  water  may  be  rejid  off,  or  the  per* 
pure  potassium  nitrate  contained  in  the  sample  of  crud(>  siiltpetrc  tested. 
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Tnpentare  at 
vhlditbeci7»- 
tib  begin  to 
fonn 

Amoant  of  Po- 
tanriiim  Nitrate 
dianlTed  in  100 
partdot  water 

PeroontoRc  of 

PottMdum 

Nitrate  in  the 

cradc  S^tpotro 

Tcnipcraturc  at 
which  the  crys- 
tals beirin  to 
form 

Amount  of  Po- 
tassium Nitrate 
(lijMolvod  in  100 
parte  of  water 

Peroentafre  of 

Pota»>-iam 

Nitnitc  in  the 

crude  Saltpetre 

IQo-OO 

22-27 

55-7 

18°-12 

30-36 

76-9 

100-62 

22-80 

670 

18°-75 

31-09 

77-7 

ll°-2d 

23-36 

68-4 

19^-37 

31-83 

79-6 

110-87 

23-92 

69-8 

20^-00 

32-50 

81-5 

120-60 

24-61 

61-3 

20°-62 

3336 

83-4 

130-12 

2512 

62-8 

21°-25 

3415 

85-4 

130-75 

26-71 

64-3 

21°-87 

34-96 

87-4 

140-37 

26-32 

65-8 

22°-50 

35-81 

89-6 

16-00 

29-96 

67-4 

23®-12 

36-70 

91-7 

15^-62 

27-61 

69-0 

23°-75 

37-61 

94-0 

160-26 

2827 

70-7 

24^-37 

38-55 

96-2 

1     160.87 

28-96 

72-4 

25^-00 

39-51 

98-8 

17*50 

29-65 

74-1 

SwtdUk  Test, — A  small  quantity  of  the  saltpetre  to  be  tested  is  melted  in  a  ladle 
udeutin  moulds  into  pieces  of  about  1  inch  thick.  When  cold  these  pieces,  if  pure, 
■bw  vh6D  broken  a  coarsely  rayed  fracture  ;  the  greiiter  the  proportion  of  impxmties 
o^Dtained  in  the  crude  saltpetre,  the  less  distinct  is  this  crystillino  fracture,  and  it 
<K«pp6an  altogether  when  2|  per  cent,  only  of  sodium  chloride  is  present. 

Tulinafor  Chili  Saltpetre  in  samples  of  Crude  Saltpetre.  WbUner'a  Method.  —A 
pntion  of  Uie  sample  to  be  tested  is  moistened  with  a  little  water  and  allowed  to  stand 
*BTeEal  hours.  The  sodium  nitrate  being  most  soluble,  it  dissolves  completely,  while 
connntiTely  little  of  the  less  soluble  potassium  nitnito  dissolves.  When  the  sample 
ii  phttd  io  a  small  funnel  and  washed  with  a  very  small  quantity  of  cold  water,  the 
Cltate  will  contain  almost  the  entire  quantity  of  sodium  nitrate  and  very  little  potas- 
■WB  oitnte.  The  filtrate  is  then  evaporated  to  dryness,  and  the  residue  treated  as 
'^Ci  repeuting  this  operation  seyoml  times  until  the  soda  saltpetre  is  obtained  in 
■•^  »  pore  Stat©  that  it  may  be  recognised  by  its  crystalline  form  (cubiail  rhombo- 
°^  piled  up  one  on  another)  and  the  amount  roughly  estimated. 

^^Ams^s  Method. — Pelouze  determines  the  amount  of  saltpetre  contained  in  crude 
f*»I»tre  in  the  following  way.  A  weighed  quantity  of  pure  iron  wire  is  dissolvi*d 
>B  nlphnric  acid,  the  solution  is  mixed  with  a  weighed  quantity  of  saltpetre,  and  the 
^^^^  kested.  The  nitric  ^icid  of  the  saltpetre  is  thus  set  free  and  oxidises  a  part  of 
JwferronB  sulphate  formed  by  the  action  of  the  sulphuric  acid  upon  the  iron  wire. 
^  li^Qid  is  then  poured  into  a  beaker  glass,  cold  distilled  water  added,  and  the 
JlJ^tj  of  iron  present  in  the  state  of  ferrous  salt  determined  by  titration  with  a 
*"Qtion  of  permanganate  of  potash. 

Since  it  is  easy  to  calculate  the  quantity  of  ferrous  oxide  obtained  fh>m  the  iron 
''H^  the  amount  of  ferrous  oxide  oxidised  by  the  nitric  acid  of  the  saltpetre  is  ob- 
r^  by  simple  subtraction.  Since  ferrous  oxide  is  oxidised  by  nitric  acid  accord- 
'^^  the  equation: 

6FeO  +   NA  »   3Fe,0,  +   2N0 

^■lolecules  of  ferrous  oxide  correspond  to  one  molecule  of  nitric  acid ;  hence  from 
|^*OH)nnt  of  oxiiiised  ferrous  oxide  found  may  be  reckoned  the  amount  of  nitric 
f^  i^nired  for  its  oxidation,  or  what  is  the  same  thing,  the  amount  of  saltpetre  con- 
^^^  in  the  sample.  Seeing,  however,  that  Chili  or  soda  saltpetre  would  be  equally 
'^^  bj  this  test,  the  test  only  holds  good  for  ascertaining  the  amount  of  both 

^•LuMocs  Test. — In  this  test  a  weighed  quantity  of  saltpetre  is  mixed  with 
J^fti  of  sodium  chloride  and  J  part  of  powdered  wood  charcoal,  and  the  whole 
r^ted  to  redness.  The  potassium  nitrate  and  sodium  nitrate  are  thereby  converted 
!j||||9  c&rlooatcs,  and  the  amount  of  the  latter  determined  by  an  alkalimetrical  process, 
^teit,  like  the  above,  gives  the  total  quantity  of  nitrates  present 

^Vkts. — Saltpetre  proper  or  potassium  nitrate  is  chiefly  used  in  the  manufacture 
*JPttpowder,  Of  late  Chili  saltpetre  has  chiefly  been  used  for  preparing  nitric 
*^aiKi  English  sulphuric  acid,  on  account  of  its  cheapness.  Saltpetre  is  usihI  as 
*^.  ^'sidiiing  agent  as  well  as  a  flux  in  metallurgical  operations.  For  this  purpose  a 
^Qfe  of  cnam  of  tartar  and  saltpetre  is  often  employed ;  when  this  mixture  is 
^*^  the  eream  of  tartar  is  oxidised  at  the  expense  of  the  saltpetre.     When  the 
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mixtoro  consists  of  2  parts  croam  of  tartar  and  1  part  saltpetre,  a  residue  ui  obCainei 
consisting  of  potassium  carbonate  and  an  excess  of  carbon,  and  is  called  black  fln: 
When  an  excess  of  saltpetre  is  employed,  a  residue  is  left»  which  is  known  as  wfai 
flux;  it  consists  of  a  mixture  of  potassium  carbonate  with  undecomposed  taltpeU 
For  most  purposes,  in  the  place  of  black  flux,  a  mixture  of  potash  and  soda  nuj  1 
usfd,  and  m  the  place  of  white  flux  a  mixture  of  potash  and  a  little  saltpetre.  £^ 
minating  powder  is  an  intimate  mixture  of  3  parts  saltpetre,  2  parts  diy  potaMiii 
carbonate,  and  1  part  sulphur ;  when  hnated,  it  first  of  all  melts,  then  expuxles  wr 
a  violent  report.  Quick  flux  consists  of  a  mixture  of  3  parts  saltpetre,  1  portsalphc 
and  1  part  sawdust  Biichor's  mixture  for  extinguishing  fires  consists  of  60  to  66  parts 
Kaltpctro,  36  to 30  parts  of  sulphur,  and  3^  to  4  partsof  charcoal.  Its  eflbct in  extingniB 
iug  fires  depends  upon  the  sudden  evolution  of  a  large  quantity  of  sulphurous  osic 
which  suffocates  the  flames.  Saltpetre  is  further  useid  in  pyrotechnics  for  prepuii 
different  coloured  flres,  etc. 


GUNPOWDER  AND  OTHER  EXPLOSIVE  MATERIALS. 

History. — The  discovery  of  gunpowder  was  probably  made  in  India  long  befic 
our  historic  era.  The  Chinese,  who  were  acquainted  with  the  substance  in  the  earlii 
times,  according  to  most  historians,  obtained  their  knowledge  of  its  preparation  2rc 
the  Hindoos.  It  is,  however,  curious  that  neither  in  India  nor  China  was  gunpowd 
used  for  throwing  projectiles,  but  only  for  fireworks.  Whether  the  Chinese  at  a  lat 
period  possessed  arms  suited  for  gunpowder  is  uncertain.  According  to  Ufikio, 
Italian  writer,  as  well  as  others,  arms  of  the  kind  were  found  in  some  parts  of  t 
Chinese  coast,  in  the  first  century  after  Christ;  but  this  is  disputed  by  otner  wxita 
The  art  of  preparing  gunpowder  is  said  to  have  been  conveyed  to  Europe  bj  t 
Saracens. 

In  what  relation  the  art  of  preparing  gunpowder  stands  to  the  Ghreek  fire  d 
covered  by  the  Saracens  in  the  seventh  century,  and  employed  by  them  in  the  oooqai 
of  Constantinople,  is  uncertain.  According  to  some,  the  discovery  of  gunpowder  wai 
result  of  attempts  to  perfect  the  Greek  fire,  and  they  of  course  deny  that  the  knowledge 
gunpowder  was  derived  from  Eastern  Asia.  According  to  others  there  is  no  reUti 
between  Greek  fire  and  gunpowder.  The  first  clear  directions  for  the  preparstioa 
gunpowder  dates  from  the  eighth  century,  when  Marcus  GrsBcus  prepared  it  by  mni 
together  1  part  sulphur,  2  parts  charcoal,  and  6  parts  saltpetre.  After  him  Albert 
Magnus  and  Roger  Bacon,  i  n  the  thirteenth  century,  both  give  similar  directions 
the  preparation  of  gunpowder ;  they  were  probably  both  of  them  acquainted  witli  1 
writings  of  Marcus  Orscus.  It  is,  at  any  rate,  certain  that  Borthold  Schwarts  'v 
not  thediscoverer  of  gunpowder ;  for  long  prior  to  his  pretended  discovery,  methods  ^m 
known  according  to  which  gunpowder  could  be  prepared,  and  it  is  most  probft 
that  he  prepared  his  ^npowder  according  to  the  directions  given  by  Marcus  Gxnci 

The  common  opinion  is  that  gunpowder  was  first  used  in  Europe  at  the  battle 
Cr^y  in  1346;  according  to  other  accounts  arms  fired  by  gunpowder  A-riat-jMi 
England  as  early  as  1327.  Whether  the  Arabs  used  gunpowder  for  purposes  of  n 
in  the  thirteenth  century  in  Spain,  as  some  historians  declare,  is  uncertain.  The  ft 
account  of  the  use  of  gunpowder  in  Germany  dates  from  the  year  1360,  in  whi 
year  the  town  hall  in  Liibeck  was  burnt  down  owing  to  the  carelessness  of  certs 
gunpowder  manufacturers.    Gunpowder  was,  however,  known  in  Germany  in  1354. 

Coinpositlon. — Gunpowder  is  approximately  a  mixture  of  2  equivalents  of  sa^ 
petre,  1  equivalent  of  sulphur,  and  3  equivalents  of  charcoal,  and  corresponds  to  tJ 
following  percentage  composition : 

Saltpetre 202  74-8 

Sulphur 82  11-8 

Charcoal 36  13*4 

The  explosive  effect  of  this  mixture  upon  ignition  depends  upon  the  very  sodde 
and  almost  instantaneous  development  of  permanent  and  difflculuy  condensible  gasa 
The  chemical  change  which  takes  place  may  be  represented  by  the  equation : 

2KN0,  +  S  +   3C     «     igs  +  N,  +   SCO,. 


composition  of  gunpowder  is  not  exactly  that  given  in  tbe  above  equation,  apart  fro" 
the  fact  that  the  charcoal  used  in  preparing  gunpowder  is  not  pure  carbon,  but  00Dtfl>^^ 
besides  carbon,  hydrogen,  oxygen,  and  ash  constituents. 
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The  following  tables  give  the  reeulte  Weltzien  obtained,  by  the  analysis  of  dif- 
Inat  kmds  of  gunpowder : 

Cannon  Powder, 


Baden 

Proadan 

Bavarian 

French 

Saltpetre      . 
Sdj^nr 

72-94 

76-68 

72-60 

;        73-74 

12-01 

12-46 

12-62 

1        13-60 

rC^bon  . 

10-65 

1012 

11-73 

10-29 

Cltticoal<H7drogeo 

0-49 

0-83 

0-73 

3-68 

^Oxygen.- 

1-66 

1-33 

1-36 

witer  .... 

2-26 

1-89 

1-61 

2-28 

Sportmg  Powder, 


Stltpetie    . 
Solphor     . 

{Carbon 
Hydrogen 
^  Oi^gen 


Bngliah 


79-36 

10-63 

8-76 

0-60 

0-90 


German 


76-95 

11-52 

9-68 

0-48 

3-60 


.    BbMiDg  powder  yaries  very  considerably  in  composition,  as  shown  by  the  follow- 


SylJK^. 

Chiicoal. 
Wit*     . 


i: 


66-36 

20-96 

11-76 

0-93 


U. 


63-87 

16-24 

18-52 

1-35 


IIL 


68-83 
15-83 
16-83 


IV. 


65-5 
150 
19-5 


V. 


61-96 
17-96 
2008 


VI. 


70-08 
11-98 
18-01 


^ii  blasting  powder  from  Mansfeld,  analyscl  by  Strong;  II.  from  the  Upper 
j*fi  IIL  from  Westphalia ;  IV.  and  V.  is  French  blasting  powder,  and  VI.  is 
"■^  Uisting  powder. 

^ttording  to  the  researches  of  Bunsen  itnd  Schischkofi^  the  process  of  combustion 
2J*  ciploding  gunpowder  is  verj-  complicat<'d,  for  not  only  are  nitrogen  and  carbonic 
|t^  F^Qdnead,  but  uso  considerable  quantities  of  carbonic  oxide  and  small  quantities 
^^'^guas.  Besides  potassium  sulphide,  a  large  number  of  other  solid  products 
'"^  *l*o  rormed,  as  shown  by  the  following  table : 

^  composition  of  the  sporting  powder  employed  in  the  researches  was  as  follows : 

Saltpetre. 78*99 

Bol^nr '  .     9-84 

{Carbon 7-69x 
Hydrogen 0-41 1  1117 
Oxygen 307) 

Water traces 

Oqs  gram  of  this  powder  yielded  upon  explosion  the  following  products : 

Oram 

num  sulphate 0-422 

carbonate 0-126 

hyposulphite 0*032 

sulphide 0021 

sulphoeyanide 0*003 

nitrate 0037 

0007 

0001 

^ouDooiom  sesquicjirbonato 0-028 

Total  solid  residue       ....      0*680 


ft 


If 


Oirbon 
Solphur 
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Gtam  CLOL 

Nitrogen 0099  =  79*40 

Carbonic  acid 0-201  *=  101-71 

.,         oxide 0009  «  7'49 

Uydropjen 0*0002  «  2*84 

Sulphurtftted  hydrogen 0*0018  =  1*16 

Oxygen         ....                  ...  0*0014  -  l-QO 

Total  gaseous  products                         .0*314  »>  198*10 

According  to  Fodorow*s  researches,  the  products  of  combustion  are  inflnenerf 
the  pressure  under  which  they  are  formed.  The  higher  the  pressure,  the  gresti 
the  proportion  of  potassium  sulphide  and  carlxjuate  in  the  residue,  and  the  smalli 
the  proportion  of  undecoraposed  powder.  Acconling  to  the  same  researched,  the  i 
tions  ensuing  upon  exploding  gunpowder  may  be  assumed  to  take  place  in  the  fol 
ing  stages.  The  decomposing  saltpetre)  firot  ignites  the  sulphur,  and  forms  pctaei 
sulphate ;  the  excess  of  oxygen  combines  with  a  portion  of  the  carbon,  fbn 
carbonic  acid,  according  to  the  equation : 

2KN0,  +   8  +  C     =     kjSO^  +   Nj  +   CO^ 

Nitrogen  and  carbonic  acid  are  liberated  as  gases,  while  the  excess  of  earboo  i 
verts  the  potassium  sulphate  into  hyposulphite  and  carbonate : 

2K^04  +   20     =     KAOi  +   K,00,  +    CO,. 

When  the  combustion  takes  place  under  pressure,  the  carbon  exercises  a  for 
reducing  action,  forming  potassium  sulphide: 

2KA0,  +   30     =     2K^   +   2S  +   SCO,. 

Finally  it  is  possible  for  the  sulphur  to  react  upon  the  potassium  carbonate  ace 
ing  to  the  equation  : 

4K,00,   +   4S     =     K^O^  +   3K,S  +   400,. 

Cl&araoteni. — Inflammability  of  Gunpowder. — The  readiness  with  which  j 
powder  takes  fire  depends  upon  its  composition,  upon  the  size  of  the  grainii 
density  and  relative  moisture.  The  largor-grained  gunprjwder  is  the  most  diffien 
ignite.  According  to  Violette,  the  following  kinds  of  gunpowder  require  for  1 
ignition  the  following  temperatures : 

Temperaturo  of  IgE 

Blasting  powder         . 270^ 

Rifle  powder 27^ 

Fine  sporting  powder 280^ 

Superfine  sporting  powder 82(P 

The  dust  of  powder  of  the  same  kind  bikes  fire  more  readily  than  the  conespon 
powder  itself. 

Gunpowder  is  most  easily  ignited  by  bringing  it  into  contact  with  red-hot 
stmces ;  less  easily  by  means  of  a  direct  flame.  Thus,  for  instance,  a  jet  of  iffi 
illuminating  gas  requires  to  be  left  some  time  in  contact  with  gunpowder  bm 
takes  fire.  Gunpowder  may,  however,  be  exploded  by  strong  friction  or  pereu 
especially  when  compressed  between  metal  surfaces.  Slaking  lime  is  said  to  be  oap 
of  igniting  gunpowder. 

Rapidity  of  Combustion  of  Gunpowder. — The  rapidity  with  which  gnnpon 
bums  is  dependent  upon  the  composition  and  upon  the  mechanical  condition,  espee 
the  density.  The  less  dense  varieties  of  gunpowder  burn  quickest.  Highly  oompre 
gunpowder  burns  very  slowly,  especially  when  very  flne  grained,  or  when  it  ii  m 
with  a  fine  powder.  For  this  r&ison  powder  ought  never  to  be  rammed  reiy  t 
into  guns. 

Three  different  kinds  of  density  are  distinguished  in  gunpowder: 

I.  Afass  Dtnaity,  or  Gravimetric  Density,  which  signifies  the  relative  weigl] 
cijual  volumes  of  gniin  powder.  The  weight  of  1  litre  of  powder  generally  n 
Iwtweon  0'820  and  0203  kilos. 

II.  Grain  Dcfuify,  which  signifies  the  relative  density  of  the  individual  gn 
This  varies  between  1*4  and  1*9,  and  is  of  course  greater  the  more  highly  the  { 
pijwdor  is  compressed  in  its  manufacture. 

III.  Absolute  Specific  Gravity,  which  signifies  the  specific  gravity  of  the  solid  i 
of  the  powder,  exclusive  of  the  air  enclosed  between  the  individual  grains.  It  amo 
on  the  average  to  2*0. 

The  following  are  the  essential  characters  that  good  gunpowder  should 
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1.  It  should  liare  a  slate-grey  colour.  A  black  colour  indicates  moisture,  bluish 
black  too  moeh  cfaaiooaL 

2.  It  ODght  not  to  glisten  strongly.  light  specks  indicate  saltpetre  that  has 
become  sepurated. 

3.  The  grains  ought  not  to  be  very  friable  when  rubbed  between  the  fingers,  and 
thej  ought  to  crackle  when  crushed.  They  should  not,  however,  be  too  hard,  since 
povder  that  is  highly  compressed  bums  too  slowly. 

4.  The  grains  ought  to  be,  as  near  as  possible,  of  equal  size. 

5.  Should  sharp  particles  be  felt  upon  crushing  a  sample  of  gunpowder  between 
the  ftngen,  it  indicates  that  the  sulphur  has  not  been  sufficiently  finely  divided. 

6.  Upon  placing  a  few  grains  of  gunpowder  upon  a  piece  of  white  note  paper,  and 
BOriflg  them  about  by  shaking  the  paper,  no  coloration  of  the  paper  should  take 
phtee,  as  this  would  indicate  the  presence  of  moisture  or  powder  dust. 

7.  A  soall  quantity  of  gunpowder  when  burnt  upon  a  piece  of  paper  must  burn 
vithoat  leaving  any  residue,  and  without  igniting  the'  paper ;  otherwise  it  is  moist,  or 
the  eaibon  particles  are  not  sufficiently  finely  divided.  Yellow  streaks  indicate  an 
iBpvfeet  distribution  of  sulphur.  When  the  mixing  has  been  imperfect,  some  grains 
ranaiii  unbumt. 

8.  Qnnpowder  when  burnt  should  not  evolve  a  large  quantity  of  poisonous  gas, 
c^raally  carbonic  oxide.  This  requirement  is  especially  necessary  in  the  case  of 
^^^utiog  powder,  since  workmen  are  often  much  exposed  to  the  gaseous  products  of 


'rvpMmtlon. — The  preparation  of  gunpowder  consists  essentially  of  a  sequence 
of  meehanical  operations,  by  which  the  materials  are  first  of  all  brought,  either  singly 
or  together,  into  the  state  of  a  fine  powder,  then  intimately  mixed  together,  and 
the  ndztore  thus  obtained  is  finally  condensed,  granulated,  polished,  and  ^ried.  The 
'^▼naterials  used  in  the  mi^nufacture  of  gunpowder  must  have  a  certain  definite 
^^'^Biieal  and  physical  constitution.  The  essential  properties  required  of  them  are  as 
Wlows: 

^  SaUfdrt. — Befined  salt^tre  only  can  be  used ;  it  must  above  all  things  be  free 
"■■k  chlorina  compounds  and  frt>m  sodium  nitrate,  since  these  compounds  would 
>ttder  the  gunpowder  moist  The  refining  of  crude  saltpetre  (vide  p.  215)  for  purposes 
^  Svopovder  manufacture  is  carried  out  either  at  the  powder  mills  or  in  special 
'^fpotie  refineries.  The  saltpetre  used  must  always  be  so  pure  that  a  small  quantity 
2j^  dissolved  in  water  vb  not  rendered  perceptibly  cloudy  when  treated  with  a  solu- 
"°*  of  silver  nitrate. 

.  ^^vr. — Of  the  different  kinds  of  sulphur  found  in  the  market,  roll  sulphur 

*^'*^  is  used  in  the  preparation  of  gunpowder.    When  sufficiently  pure  it  is  at  once 

^"^  tot  making  gunpowder ;  should  it,  however,  contain  mechanical  impurities,  these 

?^  fiat  be  got  rid  of  by  re-melting :  the  sand,  clay,  lime,  etc.  sink  to  the  bottom  of 

r^^ted  mass,  and  the  pure  sulphur  can  be  drawn  off.  It  is  then  made  to  cool  slowly, 

t^Ja'  ^  '*°^^  it  highly  crystalline  and  brittle,  in  which  state  it  can  be  powdered  more 

f!^ly.  Flowers  of  sulphur  is  not  suitable  for  tiie  preparation  of  gunpowder,  on  account 

^^Uke  sulphurous  and  sulphuric  acid  it  contains.    Milk  of  sulphur  is  equally  unsuil- 

^^  beeaose  it  leaves  a  fixed  residue  when  burnt. 

^^^^WoMi/. — ^The  quality  of  gunpowder  is  considerably  affected  by  the  sort  of 
j^'If'^BOftl  used  in  its  manufacture.  The  charcoal  should  be  light,  porous,  and  easily 
t^^l^Uiiable ;  when  burnt,  it  should  not  give  any  sensible  quantity  of  ash.  A  thoroughly 
^^^t  chMToal  should  always  be  used,  because  charcoal  imperfectly  burnt  contains  so 
ito^  oxygen  that  its  oombustibili^  is  considerably  lessened.  Charcoal  that  has  been 
^^^Hectly  burnt  is  known  as  red  charcoal.  Since  light  kinds  of  wood  yield  light 
^I^'^bq^  only  light  and  soft  varieties  of  wood  are  used  in  making  charcoal  intended 
T^f^  mannfactore  of  gunpowder.  In  this  country  the  lime,  the  willow,  poplar,  horse- 
^/^"^ut,  vine,  hasel,  cherry,  alder,  and  other  kinds  of  light  wood  are  used  for  the 
"^P^iee.  In  Qennany,  the  wood  of  the  black  alder  is  extensively  used^  In  Italy, 
^1^^  the  material  is  cheap,  excellent  charcoal  for  gunpowder  is  prepared  from  hemp 
^'^**»  previously  deprived  of  bast. 

^According  to  De  Saussure's  researches,  the  trunk  wood  of  the  oak  contains  less  jish 
Jj^l'  any  other  part  of  the  tree.  Trunk  wood  being  taken  as  unity,  he  gives  the  foU 
^^^  propordoQ  of  ash  m  the  diffiirent  parts  of  the  oak: 

Tninkwood 1 

Branchee  deprived  of  bark 20 

Barii:  itself 30 

Bast 36 

Leaves 36 
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Hence  it  is  obviouB  that,  as  chavcoal  for  maldDg  gnnpowdar  must  beas  fres 
ftrom  ash,  it  is  a  matter  of  no  slight  importance  which  part  of  the  trea  t 
taken  from.  The  only  parts  fit  for  this  purpose  are  the  tnmk  and.  tluihi 
of  trees  five  to  six  years  old. 

Tha  season  of  ibUing  timber  has  great  influence  iqwn  the  amount  of  ai 
The  most  suitable  season  is  spring,  because  at  this  period,  although  the  woe 
sap,  the  sap  is  very  much  diluted  with  water,  and  it  contains  but  Tary  amal] 
of  solid  saliDe  constituents.  Wood  for  making  charcoal  intended  for  the  n 
of  gunpowder  ought  therefore  to  be  felled  in  spring,  or  at  latest  in  the  at 
September. 

Prkpabation  of  Charcoal  vob  xaxdco  GuirpowDWL — ^The  nuumar  iz 
charcoal  is  prepared  affects  its  characters,  and  the  relative  amount  obtainad 
siderably.  The  lower  the  temperature  at  which  the  charcoal  has  been  pv 
more  inflammable  it  is ;  but  at  the  same  time  it  is  more  hygroscopic,  an 
less  carbon  and  more  oxygen.  The  relative  amount  of  chucoal  obtaii 
greater  the  lower  the  temperature  of  carbonisation.  Violette  gives  tht 
estimate  of  the  relative  amount  of  charcoal  obtained  from  dry  ww>d  at  dij 
peratures : 

Temperstoxe  FeiQentage  oC  Ohsrooal 

260°         ....         60 

SOO®         ....         88 

400®    •     ....        20 

1600°        ....         16 

The  lowest  temperature  at  which  wood  can  be  carbonised  is  260°. 

An  essential  necessity  in  preparing  good  charcoal  for  making  gunpow 
the  wood  should  be  dry.  The  wood  before  being  carbonised  is  stcmd  up 
years  in  well-ventilated  chambers.  It  was  formerly  customary  before 
wood,  to  expose  it  several  years  to  the  action  of  rain,  so  as  to  wasli  out  th< 
thus  wood  was  obtained  containing  less  ash  constituents.  The  same  obj 
effected  by  treating  the  wood  with  superheated  steam. 

Ckirbonisatum  in  heaps  is  not  adopted  in  preparing  charcoal  for  gunpoi 
facture,  because  the  caroonisation  is  unequal,  and  Sie  charcoal  is  also  i 
clay,  sand,  etc,  materials  used  in  covering  the  heaps.  For  the  same  raai 
bonisation  in  pits  is  also  unsuitable. 

Carbonisation  in  Pits. — ^This  method  is  still  in  use  in  some  parts  of  Fn 
about  four  feet  deep  and  four  feet  wide  are  dug  in  the  earth  and  filled  wit! 
to  be  carbonised,  a  first  small  portion  being  introduced  alight  so  as  to  oon 
process  of  carbonisation.  During  the  entire  operation  the  pit  is  covered  wi 
lid  to  keep  out  the  air,  which  would  otherwise  cause  the  combustion  of  the 
of  charcoal,  the  lid  being  provided  with  small  holes  for  the  escape  of 
evolved.  The  yield  is  about  23  per  cent  of  charcoal,  which  however,  is 
uniformly  carbonised,  the  charcoal  lying  against  the  comparatively  cooler  s 
pit  being  less  strongly  carbonised  than  that  in  the  interior. 

Carbonisation  of  Wood  in  Cylinders. — This  is  the  most  general  method  d 
charcoal  intended  for  the  manufacture  of  g^anpowder.  In  the  Prussian  po^ 
the  cylinders  are  of  cast  iron,  and  are  about  6^  feet  long  and  2  feet  wide ; 
admit  of  being  closed  with  a  cast-iron  lid.  Tlie  front  lid  is  famished  wi 
opening,  admitting  of  being  dosed,  for  taking  out  tests ;  the  hinder  lid  ii 
with  a  tube  for  taking  off  the  gaseous  products  of  carbonisation,  which  i 
through  a  number  of  condensing  tubes  where  the  tar  is  deposited,  and  the  mc 
portion  is  passed  into  a  kind  of  tower,  after  which  it  escapes  into  the  air. 

In  some  places,  the  products  of  carbonisation  are  passed  into  the  fire  and 
is  in  any  case  necessary  to  let  these  products  escape  neely,  without  being 
pressure  in  the  condensing  and  purifying  apparatus,  because  it  has  been  i 
otherwise  the  charcoal  easily  becomes  covered  with  a  slimy  soot,  which  ] 
combustion. 

The  fire  is  so  arranged  that  the  fiame  plays  round  the  cylinder  on  all 
order  to  prevent  the  lower  part  of  the  cylinder  from  being  heated  more  thai 
parts,  it  is  coated  at  the  bottom  with  fire  clay.    As  a  rule,  a  couple  of  cy] 
placed  over  each  fire,  and  wood  is  used  as  fuel. 

A  cylinder  of  the  dimensions  above  given  admits  of  being  charged  w; 
of  black  alder  wood.  The  wood  is  cut  into  billets  about  a  foot  long,  and  ! 
cylinder  in  such  a  way  as  to  leave  only  a  very  small  air  space.  The  cylinde 
heated  strongly  for  3  or  4  hours,  the  temperature  being  afterwards  somewhi 
and  the  process  of  carbonisation  is  complete  in  about  12  hours.  The  chare< 
allowed  to  cool,  and  placed  in  air-tight  sheet-iron  vessels,  where  the  oooliz 
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■  eomplet«d.  Tlie  amount  of  charcoal  obtained  by  this  process  is  about  20  to  30 
percent  The  amount  obtained  in  the  powder  manufoctory  at  Dresden  is  about  27*4 
pttcent,  while  in  France  a  precisely  similar  process  yields  on  the  average  34  to  35 
percent  Hie  amount  of  charcoal  may,  of  course,  be  increased  or  lessened  according 
to  the  doration  and  the  degree  of  the  heating.    . 

CaHxmitaiion  by  Superheated  Steam. — Violette  has  constructed  an  apparatus  of  this 
kind  \tj  which  excellent  charcoal  is  obtained  for  gimpowder  manufacture.  It  consista 
of  u  iron  cylinder,  one  end  of  which  is  closed  and  the  other  open.  This  cylinder  is 
fitted  inside  a  wider  cylinder  closed  at  both  ends  in  such  a  way  that  a  space  is  left 
between  the  two  cylinders.  Beneath  the  cylinders  is  a  fire,  the  hot  air  from  which 
fint  plays  round  a  spiral  wrought-iron  steam  tube,  and  then  upon  the  outer,  cylinder. 
Stetm  is  passed  from  a  boiler  through  €ho  serpentine  tube  into  the  space  between  the 
twocylinaMfU  The  charging  of  the  inner  cylinder  with  wood  is  effected  by  removing 
a  hd  in  the  front  of  the  outer  cylinder,  and  pushing  in  the  wood  packed  in  a  perforated 
O^er;  the  lid  is  then  closed  and  luted.  An  iron  tube  conveys  the  products  of  car- 
honisation  from  the  inner  cylinder  direct  into  the  air. 

The  tension  of  the  steam  ia  not  more  than  1  atmosphere.  The  time  required  for 
carbonintion  is  only  one  and  a  half  to  two  hours  ;  the  charge  is  each  time  50  to  70  lbs. 
of  vood.    The  emptying  of  the  apparatus  is  effected  by  removing  the  lid  of  the  outer 

2 Under,  and  drawing  out  the  perforated  cylinder  containing  the  charcoal  into  a  suit- 
tie  dose  vessel,  where  it  is  allowed  to  cool.    The  cylinders  are  then  immediately  re- 
diaiged. 

fte  following  table  gives  the  results  of  analyses,  by  Kahl,  of  charcoal  prepared  in 
the  Dresden  powder  fSactory : 


By  simple 
Carlwnisation 

By  Carbonisation  with  Superheated  Steam 

At360P 

At  a  higher  temperatnre 

Owhoo 

&"    •    •    • 

87-9 
2-6 
7-8 
1-6 

75-0 
41 

19-5 
1-4 

79-6 
3-8 

150 
1*6 

850 
8-3 

10-1 
1-6 

^  ltd  duncoal  prepared  by  Violette  at  a  low  temperature  contains  on  the  average 
*ly  »bottt  70  per  cent,  of  carbon. 

Aeooiding  to  the  old  method  of  making  gunpowder,  the  pulverisation,  mixing, 
'^  condensation  are  carried  out  in  a  single  operation.  For  this  purpose  the  charcoal 
OjMthe  diaicoal  and  sulphur  are  powdered  in  a  moist  state,  by  a  stamping  machine,  and 
^  the  saltpetre  is  added,  in  a  fine  state  of  division.  This  operation  can  be  equally 
^  performed  by  mill  stones.  But  since  it  is  difficult  to  effect  a  perfect  pulverisation 
*  ^  sioiit  mass,  it  is  now  usual  to  pulverise  the  three  ingredients  separately,  then  to 
•*  •iid  eompress  them. 

^^^  Pdltxbisatiom  is  performed  either  by  stampers,  mill  stones,  or  revolving 

y^^ihenmtitm  ui  Stampers, — ^The  stampers  are  made  of  wood,  the  weight  of  each 
Ka!S  *^^  ^  ^^^"^  '^^  stampers  are  fitted  with  a  bronze  shoe,  and  are  alternately 
^j^  hy  means  of  a  wheel  furnished  with  teeth,  and  allowed  to  fall  into  a  bed.  The 
^  containing  the  material  to  be  reduced  to  powder  are  arranged  in  numbers  cor- 
'*'^^<^g  to  the  stampers,  and  set  in  a  block  of  very  hard  wood. 

grinding  hy  Mill  stonef. — Two  heavy  vertical  runners  of  stone  or  cast  iron,  similar 
^Jhoie  ued  for  crushing  linseed,  revolve  round  a  vertical  axis  on  a  fixed  horizontal 
r^  The  material  to  be  powdered  is  spread  upon  the  bed  and  is  crushed  by  the 
^Hl^.  The  mass  is  stirred,  and  brought  equally  under  the  revolving  stones  by 
^'"s  of  scrapers  fixed  behind  each  runner. 

^^^ihmeation  by  Revolving  Drums. — This  method  came  into  use  during  the  French 
/potion,  and  consists  in  placing  the  substance  to  be  pulverised,  together  with  a 
*|^ber  of  brooxe  balls,  in  a  wooden  drum  turning  upon  a  horizontal  axis,  and  then 
t^'^^^Qg  the  drum.  The  drums  are  furnished  internally  with  wooden  ledges  running 
^^wiirtiOD  of  the  axis  of  the  drum,  and  covered  with  leather.  The  materials  are 
JJjJidiB  tibednim  through  a  little  door  at  the  periphery  of  the  drum,  and  upon 
y^l  Al  dhnuus  in  motion  are  quickly  reduced  to  powder.  When  the  materials  have 
^*>  KfluiMUy  powdered,  the  drum  is  tumetl  so  that  the  door  is  downwards,  and  on 
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opening  it  the  powder  falls  out  into  a  veflsel  placed  beneath.    The  bronie  haQs  an 
prevented  from  falling  out  by  a  sieve  attached  to  the  opening. 

Mixing  thb  matkrials. — This  operation  is  carried  out  in  drama  of  preeiaelj  thi 
same  construction  as  those  above  described ;  they  are  either  made  of  wood,  corerad 
internally  with  leather,  or  are  made  entirely  of  leather.  The  bronze  balls  are  smaller, 
and  the  sieve  for  letting  out  the  powder  is  also  proportionately  finer  than  in  tiia 
pulverising  process. 

Moistening. — The  gunpowder  is  placed  in  wooden  boxes,  and  sprinkled  at  intflvrali 
with  water,  until  it  has  taken  up  8  or  10  per  cent.  The  moistening  proceai  is  soos- 
times  performed  in  the  drums. 

Pkrssino. — The  object  of  this  operation  is  to  giye  coherence  to  the  powder  andsodi 
consistency  that  it  can  be  granulated.  It  requires  much  care ;  for  if  the  gunpowder  be 
too  highly  compressed,  it  bums  too  slowly ;  the  heating  of  the  gases  is  less  soddfln, 
their  expansive  force  consequently  less.  On  the  other  bind,  gunpowder  that  has  not 
been  sufficiently  compressed  bums  too  quickly,  and  has  an  explosiye  effbet.  The 
ordinary  method  of  compressing  eunpowder  consists  in  passing  the  mixture  throng  a 
rolling  mill,  consisting  of  two  rollers,  the  upper  one  of  bronze,  and  the  lower  one  oi 
W'jod  ;  by  means  of  a  lever  arrangement  they  can  be  pressed  against  one  another  to 
as  to  exort  a  pressure  of  twenty  to  twenty-five  tons.  The  mixture  is  conveyed  to  the  miU, 
already  set  in  slow  motion,  by  means  of  an  endless  cloth,  and  is  pressed  between  the 
rollers  to  a  cake  of  about  4  m.  thick.  The  caking  may  be  also  effected  by  meaai  of 
hydraulic  pressure ;  for  which  purpose  the  mixture  is  laid  upon  copper  plates^  and 
pushed  by  jerks  under  the  press.  It  has  been  already  mentioned  that  the  opecatioo 
of  pulverising  the  materials  by  stampers  mav  be  combined  with  the  caking  or  eoBi- 
pressing  operation.  Neimke  suggests  a  method  according  to  which  the  s&l^Mtn » 
dissolved  m  water,  and  the  mixture  of  charcoal  and  sulphur  added  in  a  fine  state  d 
division  ;  the  mixture  is  stirred  and  heated  until  about  16  per  cent,  of  water  remaiaiL 
When  cool,  the  mass  is  pressed  between  rollers  or  stampers. 

Gbanulation. — ^The  object  of  this  operation  is  to  reduce  the  powder  cake  into  gnins 
of  a  definite  size,  according  to  the  purpose  for  which  the  powder  is  to  be  used,  the 
rapidity  of  the  combustion  of  gunpowder  depending  upon  the  size  of  the  grains.  Gut- 
powder  dust  and  caked  powder  both  bum  veiy  slowly,  while  granulated  powdar, 
owing  to  the  intermediate  hollow  spaces  between  the  grains,  bums  much  quiver. 

Three  or  four  sieves  are  generally  used  in  the  granulating  process,  through  wfaidi 
the  powder  is  passed.     These  sieves  are  made  of  wood,  parchment,  or  metal ;  thcjait 
round  in  shape  and  are  placed  above  one  another  in  such  a  way  that  the  uppenmat 
sieve  has  the  biggest  holes,  the  holes  in  the  ones  beneath  gradually  decreasing  in  mm; 
the  holes  in  Uie  last  sieve  are  so  fine  that  powder  dust  only  can  pass  throngh  thsB. 
The  sieves  are  all  set  in  a  frame,  and  the  uppermost  sieve  is  covered  with  a  woodM 
lid.    Powder  in  the  form  of  cake  is  placed  in  the  uppermost  sieve  through  a  fiuuMl 
and  linen  tube  attached  to  the  lid,  and  a  shaking  motion  communicated  to  the  sisfsi^ 
by  means  of  which  a  rubber  of  hard  wood  is  set  in  motion  and  breaks  up  the  powte 
cake  into  pieces  which  are  separated  in  succession  by  the  sieves.    The  grains  whiek 
are  too  large  to  pass  throujzh  the  second  sieve  are  carried  off  through  an  openingat 
its  side,  and  are  again  exposed  to  the  action  of  the  mbber  in  the  first  sieve.    Tin 
same  plan  is  followed  out  in  the  third  and  fourth  sieve,  with  the  exception  that  tin 
grains  which  do  not  pass  through  the  last  sieve  are  not  again  put  into  the  upper  sien^ 
but  are  separately  collected.     The  uppermost  sieve  is  termed  the  first  sieve,  tbe 
lowest  sieve  the  dust  sieve,  and  the  intermediate  ones  the  coming  sieres.    By  tUi 
means  different  grained  varieties  of  powder  are  obtained,  and  the  dust  passing  thnmgh 
the  last  sieve  is  separately  collected.    In  Lefevre's  coming  machines  eight  or  tweln 
such  sieves  are  fitted  in  boxes  hung  upon  a  beam,  and  they  are  set  in  motion  by  a 
special  mechanical  contrivance. 

Congrev^a  Granulating  Process,  —The  powder  cake  is  first  of  all  forced  through  a 
shot  sieve  and  the  broken  mass  granulated  by  passing  it  between  three  pairs  of  roUcn 
fumished  with  pyramidal  teeth.  The  teeth  of  the  first  pair  of  rollers  are  Itfpr 
than  those  of  the  second,  and  the  latter  larger  than  those  of  the  third  pair.  TIh 
teeth  are  set  so  near  one  another  that  they  are  almost  in  contact.  The  powder  cake  it 
brought  into  the  rollers  by  means  of  an  endless  cloth.  Beneath  each  pair  of  rollen 
passes  an  endless  sieve,  upon  which  the  powder  falls,  and  the  sufficiently  fine  gmini 
pass  through  the  sieve,  while  the  coarser  mass  is  conyeyed  to  the  next  pair  of  rollen. 
At  the  lowest  part  of  the  granulating  apparatus,  a  couple  of  endless  sieves  of  unequal 
fineness  pass  over  one  another  to  catch  the  powder  passed  through  both  the  upper 
sieves  and  the  lowest  pair  of  rollers,  separating  it  into  coarse  and  fine  grained  powder 
and  powder  dust. 
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Ckamijpi^a  MOkod. — Aoeoiding  to  Champy's  method  the  powder  is  granulated  in 
nrolTing  drums,  bj  injecting  water  in  a  fine  stream  from  the  axis  of  the  drum.  Each 
drop  of  viter  upon  fiilling  upon  the  powder  forms  with  it  a  small  adhesive  lump, 
vhich  ii  incnssed  in  site  by  uie  movement  of  the  drum.  The  drums  are  made  to  revolve 
until  the  grains  have  attained  the  required  size.  The  mass  is  then  taken  out  and 
Kited  through  sieves,  the  grains  that  are  too  large  being  powdered  again,  and 
rrplaeed  with  the  powder  dust  in  the  drums. 

He  granulatad  powder  is  then  superficially  dried  upon  pieces  of  cloth  stretched 
upon  fruMS,  the  frames  being  placed  in  the  diying  house  upon  wooden  supports  and 
expoied  to  a  current  of  air. 

FoumniG  or  GmrPOirDBB. — ^This  operation  is  not  carried  out  in  all  countries  with 
eroy  kind  of  powder,  since  powder  thus  treated  does  not  so  readily  take  fire  as  un- 
poliued  powder.  On  the  other  hand,  polished  powder  has  the  advantage  that  it  does 
not  10  readily  absorb  moistare,  nor  does  it  so  readily  discolour  substances  brought  in 
eootiet  with  it,  and  ii  is  lees  friable.  For  polishing  gunpowder,  granulated  powder  is 
bfOQgbtinto  horiaontally  placed  drums  with  a  smo^  internal  siirface,  and  the  drums 
neeuied  to  rotate  slowly  for  a  few  hours.  The  addition  of  graphite,  so  as  to  give 
the  powder  grains  a  more  shiny  appearance,  is  not  to  be  recommended,  on  account  of 
itmnderingthe  powder  less  nadily  infiammable. 

lutesd  of  simple  drums,  in  some  manufactories  rolling  tubs  are  employed,  which 
in  dhided  lengthways  into  several  compartments,  each  compartment  being  furnished 
vith  I  ipecial  door  for  admitting  the  powder  to  be  polished. 

Dmiro  OF  Gumfowdkb. — Before  gunpowder  is  dried  it  may  be  conveniently  pressed 
iito  pieees  having  the  shape  of  cartridges.  This  operation  may  be  effected  by  the 
•id  (ft  gentle  heat  without  it  being  necessary  to  surround  the  powder  with  cases  of 
pip*  V  metal.  The  so-called  prismatic  powder  consists  of  six-sided  columns  of  this 
DBdpsrforated  Icng^ways  with  seven  holes. 

OoBpowder  requires  drying  very  carefully,  a  very  slight  and  gradual  heating  being 
■MeiMiyat  first;  for  if  this  is  neglected  the  grains  are  liable  to  crack,  and  an 
<A>raoeDee  of  saltoetre'is  apt  to  take  place.  The  powder  is  either  dried  in  the  air 
« in  dmiben  aruficially  heated. 

J^rwig  M  ike  Air. — The  powder  is  spread  in  layers  ^  to  ^  inch  thick  upon  tables 
fOvuM  with  doth,  the  mass  being  often  turned  until  dry.  In  some  places  the  diying 
■  niitted  by  allowing  the  ravs  of  the  sun  to  fall  upon  the  powder,  while  in  others  the 
■n  ii  kept  off  by  roofing-in  the  drying  chamber.  In  the  former  case  the  powder  dries 
is  tbont  four  hours,  in  the  latter  in  about  ten  hours.  Where  the  ground  is  moist  the 
^  noA  be  corered  with  asphalte,  to  keep  the  moisture  from  the  powder. 

^^yvw  in  artificiaUy  hetUed  Chambers. — The  powder  is  spread  out  upon  hurdles 
*Wftea  upon  wooden  frames  fastened  in  the  sides  of  the  chambers,  which  are  gene- 
^7  l^Bited  up  to  40^-60®.  An  oven  is  placed  in  the  middle  of  the  chamber.  In 
"18^  powder  works  the  powder  is  dried  by  steam,  for  which  purpose  it  is  spread  out 
*  FJMsi  of  linen  stretched  on  frames,  which  lie  above  one  another,  the  steam  pipes 
P*ng  uder  the  frames.  Qunpowder  is  also  sometimes  dried  by  placing  it  in 
^^  hoses,  and  passing  air  previously  heated  in  iron  tubes  into  the  boxes.  In  all 
'"'•ttn  ii  taken  to  avoid  heating  the  drying  chambers  above  60°. 

frMoviwo  THB  Bust. — For  this  purpose  the  powder  is  passed  through  linen  tubes 
jj*^  a  sloping  position  and  kept  in  constant  agitation ;  the  powder  dust  escapes 
vo^  the  meshes  of  the  linen,  while  the  powder  grains  fall  out  at  the  lower  ex- 
**'^''    of  the  tubes  and  are  collected  for  use. 


^niFowDKBS  OF  DiFTEBENT  CoMPosmoN. — Attempts  have  long  been  made,  by 
V^'^or  entire  replacement  of  the  ordinary  constituents  of  gunpowder  by  other 
^^''■tiaees,  to  alter  its  composition  so  as  to  render  it  less  dangerous,  and  at  the  same 
^  to  iDoease  its  energy  and  render  it  chotipcr. 

.^H,  lor  instance,  attempts  have  been  made  to  replace  the  saltpetre  either 
''^^y  Of  in  port  by  potassium  cliloniU.*.  It  was  however  found  that  a  powder  thus 
PjNsd  WBf  very  liable  to  cause  accidents,  owing  to  its  taking  fire  when  struck,  and 
J^Uicrtbat,  from  its  developing  when  ignited  too  suddenly  large  volumes  of  gases, 
^  tiBi  bunt,  and  were  moreover  much  corroded  by  the  action  of  free  chlon  nc.  Some 
^ll^ieBaybe  however  attached  to  Augendre's  white  powder,  which,  according  to 
^^  has  the  fbllowing  percentage  composition : — 

PoUsBum  chlorate 49 

Oueeugar 23 

FoUMram  fenocyanide 28 

Hdt  povder  is  oot  easily  ignited  by  a  blow,  but  very  easily  by  contact  with  flame 
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or  a  red-hot  body.  It  is  said  to  be  more  efibctiTe  than  gnnpowder,  60  pnCi 
white  powder  yielding  the  same  rolumo  of  aas  as  100  parts  of  ordinaiy  ganpow 
It  leaves  when  burnt  only  a  very  small  residue ;  it  has  a  low  temperature  of  ignit 
and  does  not  readily  absorb  moisture.  On  the  other  hand,  it  is  fiirmore  eanlj  ign 
by  a  blow  than  g^^npowder ;  it  attacks  the  barrels  of  fire  arms,  and  is  deusr  t 
gunpowder. 

A  great  number  of  attempts  have  been  made  to  replace  salt^wtre  bj  Chili  soltp 
which  is  much  cheaper.  The  disadvantages,  however,  are  that>  when  the  latter  is 
perfectly  pure,  a  very  hygroscopic  gunpowder  is  obtained,  and  even  idien  tlia  aal 
pure  the  gunpowder  made  from  it  bums  too  slowly. 

Wagner  proposed  using  barium  nitrate  as  a  substitute  for  potassium  nitiatflu 
powder  thus  prepared,  known  as  saxafragin,  is  certainly  less  inflammablt  t 
gunpowder ;  but  it  is,  on  the  other  hand,  specifically  heavier,  and  leaves  whmi  bi 
a  considerable  residue.    According  to  Wynand,  saxafragin  has  the  fbUofwhig 
centage  composition : — 

ChsTCoal 23*0 

Barium  nitrate '  70*0 

Saltpetre 2-0 

NobeVa  BlaHing  Powder. — This  is  a  powder  containing  nitn>-glyoerine,aadis  c 
T>o«<wl  as  follows : — 

L  XL 

Charcoal 12  10 

r>arium  nitrate 68  70 

Nitro-glycerine 20  20 

Still  greater  in  number  are  the  substitutes  proposed  for  diareoal,  the  chie 
which  are  tannic  acid,  tan,  sawdust,  flour,  starch,  sugar,  potassium  fenoeyan 
cream  of  tartar,  etc    Ehrhaidt's  blasting  powder  consists  of — 

Saltpetre 12*26 

Charcoal 49-00 

Tannic  acid 24*60 

Potassium  chlorate 14*26 


In  the  above  powder  the  sulphur  itself  is  replaced,  whioh  is  seldom  the 
Schnitzels  gunpowder  consists  of  granulated  nitrified  wtxxU  impngnated  \ 
potassium  nitrate ;  100  parts  of  nitrified  wood  are  brought  into  a  solution  eonais 
of  26  parts  potassium  nitrate  and  220  parts  water,  and  eventually  dried  at  a  tanp 
ture  of  32°  to  44°.    The  saltpetre  may  be  replaced  in  part  by  barium  nitrate. 

Tbsts  fob  GuirPOWDBR. — The  effect  of  gunpowder  depends  upon  its  fonning  w 
ignited  hot  gases,  which  occupy  a  very  consideiably  larger  volume  than  the  poi 
ititelf.  Gimpowder  is  consequently  the  more  efibctive  the  laiger  the  volume  of  g 
evolved,  and  the  higher  the  temperature  produced  by  its  combustion,  for  the  t3l\ 
of  a  gas  or  mixture  of  gases  increases,  and  the  force  of  expansion  is  greatsr, 
higher  the  temperature  under  which  it  is  formed.  However,  the  evolution  of 
when  gunpowder  is  burnt  must  not  be  too  sudden,  for  in  such  case  the  ball  would 
have  time  to  leave  the  barrel  before  the  force  of  expansion  would  be  eonvpjed  to 
sides  of  the  barrel  and  burst  the  gun.  On  the  other  hand,  the  combustion  must  no 
too  slow,  as  in  such  case  the  ball  would  leave  the  barrel  before  the  combustion  is  e 
plcte,  and  a  part  of  the  gases  developed  by  the  combustion  would  be  without  d 
upon  the  ball. 

According  to  Bunsen  and  Schischkoff,  the  temperature  produced  by  bum 
gunpowder  in  a  closed  space  is  3340°  0.    The  volume  of  the  gases  produced,  rsdu 
to  0°,  exceeds  the  volume  of  the  solid  powdor  193*1  times.    Accordingly  at 
temperature  of  combustion  (3340°),  the  volume  of  gases  is  2369  times  U»t  of 
solid  powder. 

Testing  the  effect  of  Gunpowder, — A  number  of  methods  have  been  given  tat  ti 
ing  the  effect  of  gunpowder,  which  depend  chiefly  upon  ascertaining  either  i 
distance  a  ball  is  projected,  the  height  to  which  a  weight  is  lifted,  or  the  preM 
exerted  upon  a  lever  by  a  known  quantity  of  gunpowder. 

Mortar  Teat, — For  this  purpose  a  given  weight  of  the  powder  is  placed  id 
bronze  mortar  furnished  with  a  powder  chamber  just  large  enough  to  hold  tli 
quantity.  A  heavy  bronze  ball  of  known  weight  is  then  placed  upon  the  powder,  t 
mortnr  inclined  to  an  angle  of  45°,  and  the  powder  fired.  The  quality  of  the  povd 
is  indicated  by  the  distance  to  which  the  ball  is  projected. 

Jiod  Teat. — This  test,  which  is  chiefly  in  nse  in  Austria,  is  performed  as  fbDo* 
A  known  quantity  of  powder  is  placed  in  a  small  mortar,  into  the  mouth  of  whiflh  t 
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aeemtalj  a  waight  of  5  Iba.  The  weight  is  moToable  between  a  couple  of  Terti- 
ally  pi*eed  rods,  one  of  which  ii  famished  with  teeth,  and  a  ratchet  work  prevents 
tb  veight  from  ^ling  back,  retaining  it  therefore  at  the  height  it  is  projected  by 
Um  powder. 

Um  TW. — ^For  this  test  a  jointed  leyer  is  employed,  to  the  one  arm  of  which  a 
fnall  mortar  is  attached  in  sucn  a  way  that  in  burning  a  small  quantity  of  powder 
(2  (mnoei)  the  force  of  reaction  causes  it  to  turn  a  certain  distance,  so  that  the 
oUmt  ann  of  the  lerer  to  which  a  weight  is  attached  is  raised  proportionately.  A 
fBiiIl  ntehet,  which  is  pushed,  during  the  turning,  along  a  toothed  sector,  prevents 
tb«  leTer  fidling  back  into  its  former  position ;  so  that,  after  the  explosion  of  the 
povdar,  the  height  to  which  the  weight  has  been  raised  may  be  read  off. 

Bigma'a  Powder  Tut,  —A  double-limbed  steel  spring,  mounted  so  as  to  move  freely, 
ii  Mt  with  the  one  limb  connected  with  the  mouth,  the  other  limb  with  the  button  of 
s  floall  cannon;  so  that  upon  firing  the  powder  both  limbs — the  one  being  pro- 
pelled fonrards  by  the  powder,  the  other  in  a  contrary  direction  by  the  rebounding 
of  the  cannon — approach  one  another.  The  extent  to  which  they  approach  one 
ioother  gives  a  measurement  of  the  force  exerted  by  the  powder. 

Uttol  Teti, — ^A  graduated  wheel,  supported  by  a  spring,  executes  a  revolution 
eomipQQding  to  the  force  of  the  powder.  The  rotatory  motion  is  given  to  the  wheel 
bj  an  arm  attached  to  it,  which  terminates  just  before  the  nozzle  of  a  pistol. 


GUNCOTTON. 

.« — ^Ths  substance  known  as  guncotton,  or  pyroxilin,  was  discovered 
IB  1846  liimiltaneoasly  by  Schonbein,  by  Boettger,  and  by  Otto.  It  caused  a  great 
dnlofexeitemeDt  at  that  time  in  scientific  as  well  as  in  political  circles,  since  it  was 
■VpoMd  to  be  a  destructive  agent  of  extraordinary  power.  It  has,  however,  been 
■>M  aKorCaiDed  that  the  essential  feature  of  this  discovery  consisted  in  better 
Mhfidi  of  preparing  and  applying  materials  that  had  been  long  known.  In  1833 
S^MQoaot  nad  prepared  an  easily  inflammable  substance  which  ho  termed  x y loidin, 
from  the  MBS  mataTialB  which  are  now  employed  in  the  preparation  of  guncotton. 
I>  1818  P^kMne  gave  this  substance  his  attention,  and  found  that  it  might  be  ex- 
F^odid  by  ecocussion ;  shortly  afterwards  Dumas  prepared  the  same  substance,  and 
tttteditnitramidin. 

Otnposltioii. — Guncotton  consists  of  cellulose,  in  which  part  of  the  hydrogen 
■  nplaeedby  NO,;  it  is  obtained  by  treating  any  kind  of  cellulose  with  very  con- 
^stated  nitric  add.  The  nitric  acid  is  decomposed,  and  for  every  molecule  of  do- 
^Q^pQied  nitrie  add,  one  atom  of  hydrogen  in  the  cellulose  is  replaced  by  the  group 
HQ|.  The  number  of  hydrogen  atoms  replaced  in  a  molecule  of  cellulose  is  dependent 
"PM  the  oonoentration  of  the  nitric  acid  employed.  Consequently  guncotton  roust 
^  be  considered  as  a  substance  of  consta^it  composition,  but  on  the  contrary  there  are 
number  of  different  kinds  of  nitro-celluloso,  and  guncotton  consists  either  of  one  of 
^■■M  Bitio<«>mponnds  or  of  a  mixture  of  several.  It  is  only  in  this  way  that  wo  can 
''^MB  the  difference  in  composition  between  samples  of  guncotton  prepared  in 
*wttt¥iyi. 

'Qui may  be  best  understood  by  considering  cellulose  as  a  polyacid  alcohol,  i.e.  as 
'■tteid  alcohol  derived  from  the  water  type. 

Water  Type  OeDtilofle 


We  have  therefbre  in  cellulose  six  typical  atoms  of  hydrogen,  which  are  capable  of 

*S»pbeedbyNOr 

Aceoiidiogly,  br  acting  upon  the  molecule  of  cellulose  with  one  molecule  of  nitric 
^  iMmQiutio-eellulose  is  produced : 

Cdlnloee  Nitric  Acid         Mononitro-oelhilose     Water 

^^idioii  of  two  molecules  of  nitric  acid  : 

Dinitro-ceUuloae 

Q3 
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By  the  action  of  three  molecules  of  nitric  acid : 

Tiinitro-oellnlaie 

Theso  compoands  have  therefore  a  composition  analogous  to  the  oomponnd  ethj 
as  is  fhown  by  their  chemical  characters.  Thus,  for  instance,  when  heated  w 
potissiuni  hydrate,  they  react  like  compound  ethers.  Ethyl  nitrate,  for  instance,  wl; 
boiled  with  potash,  is  converted  into  ethyl  alcohol  and  potassium  nitrate : 

Ethyl  Nitrate     Potash  Bihyl  Alcohol   FOt  Nitrate 

NO, J"    +  Hi"     -         HP    +  NO,)" 

Trinitro-cellulose,  treated  in  like  manner,  is  converted  into  oelluloie  and  potaan 
nitrate: 

Trinitro-oellaloee  Potash  CelhiloM  Fob.  Nitrate 

3ji«:&io.-3(^jo)  »  ^■«="S:io..8(fo.jo) 

With  reducing  agents  such  as  alkaline  solutions  of  hydrogen  sulphide^  ffltic 
chloride,  mercuiy  and  sulphuric  acid,  etc.,  ^ncotton  reacts  like  the  nitrates,  eeUnli 
is  reproduced,  and  the  nitric  acid  is  completely  destroyed.  This  is  a  proof  that 
these  compounds  the  radical  NO^  takes  the  place  of  the  typical  hvdrogen,  and  does  b 
as  some  suppose,  replace  hydrogen  in  the  radical ;  for  in  such  case  a  mtrogeiM 
compound  would  be  produced  by  reducing  agents  in  the  same  way  that  aniune 
obtained  by  treating  nitrobenzyl  with  an  alkaline  solution  of  sulphuretted  hydrog 
or  with  ferrous  chloride. 

Cliaractera.— Guncotton  dried  at  the  ordinary  temperature  ignites  when  baa 
to  176^-185°,  while  guncotton  which  has  been  dried  by  the  aid  of  artificial  heat 
far  more  readily  ignitable,  exploding  at  the  temperature  of  boiling  water ;  indeed 
many  cases  it  has  been  found  that  guncotton  thus  prepared  exj^odes  without  i 
apparent  cause.  The  products  of  combustion  obtained  when  guncotton  is  burnt  dij 
in  quantity  and  composition  according  to  the  difference  in  composition  of  the  gi 
cotton.  Thus  one  observer  obtained  from  1  gram  of  guncotton  488  ce.  of  | 
(reduced  to  a  temperature  of  0^),  while  another  obtained  nom  the  same  quantity 
guncotton  588  cc.  of  gas.  The  gaseous  products  of  combustion  consist  of  nitzog 
nitric  oxide,  cyanogen,  carbonic  dioxide,  carbonic  oxide,  and  steam.  The  exploi 
force  of  guncotton  in  fire  arms  is  from  two  to  six  times  greater  than  that  of  an  eqi 
weight  of  gunpowder.  Guncotton,  when  properly  prep^^  care  being  taken  to  i 
pure  acid  and  pure  cotton,  leaves  no  residue  when  exploded,  nor  is  any  acid  tarn 
In  these  respects  gimcotton  has  an  advantage  over  gunpowder ;  but  it  has  the  d 
advantage  tnat,  owing  to  the  gases  produ^  by  £e  explosion  being  formed  I 
suddenly,  fire  arms  are  subjected  to  a  greater  shock. 

When  kept  for  a  long  time,  guncotton  gradually  decomposes.  Red  vaponn  i 
evolved,  the  mass  becomes  viscous  in  consistency,  deliquescing  eventually  to  a  pjn 
like  liquid.    Active  decomposition  is  sometimes  attended  with  explosion. 

Guncotton  prepared  in  the  wav  above  described  is  completely  insoluble  in  aleoH 
and  water,  difficultly  soluble  in  ether  and  solutions  of  ether  in  alcohol,  and  sligb 
soluble  in  ethyl  acetate.  In  respect  to  solubility  in  other,  alcoholic  ether,  and  eL' 
acotete,  this  lund  of  guncotton  behaves  very  differently  from  anotJier  kind  of  g; 
cotton  prepared  by  treating  cotton  with  potassium  nitrate  and  sulphniic  ftcid(« 
Collodion). 

Great  precautions  are  required  in  the  manufacture  of  guncotton  on  a  la 
scale. 

The  flrstnecessity  is  thatthe  acid  mixture  should  be  quite  cold  before  the  eotl 
IS  added.  Besides  this,  care  must  be  taken  that  the  quantity  of  add  mizti 
employed  is  sufficient  to  completely  cover  the  cotton ;  and  it  is  also  neeeasaxy  ti 
the  cotton  should  be  covered  by  the  acid  mixture  as  quickly  as  possible.  Sbonld 
part  of  the  cotton  protrude  beyond  the  surface  of  the  acid  liquid,  spontaneoas  bsslti 
very  quickly  takes  place,  and  decomposition  seto  in,  accompanied  by  the  evolntioo  * 
red  vapours.  This  decomposing  action,  if  not  quickly  stopped,  is  apt  to  cause  tl 
ignition  and  explosion  of  the  whole  mass. 

Preparation. — For  preparing  guncotton,  a  mixture  is  made  of  3  vols,  eos 
centrated  nitric  acid  and  7  vols,  concentrated  sulphuric  acid.  When  oool,  a  qwstiC 
of  well-purified  cotton  is  placed  in  about  twenty  times  ite  weight  of  the  mixtsn 
After  being  left  to  stand  for  one  hour,  the  guncotton  is  taken  out  and  pressod  be 
twcon  a  couple  of  iron  plates,  so  as  to  romovo  the  excess  of  acids  ,*  it  is  then  thiovi 


GUNCOTTON.  229 

into  vater  for  complete  washing.  The  acids,  owing  to  their  high  concentration,  do 
not  attack  the  iron  plates.  The  removal  of  the  acidS  is  more  easily  effected  by  means 
of  a  oeDtiifDgal  machine,  the  drum  of  which  retains  the  guncotton  while  the  ticid  runs 
off  The  concentrated  acid  mixture  is  collected  for  further  use.  So  soon  as  the 
exeen  of  acid  has  been  got  rid  of,  water  is  brought  into  the  revolving  drum,  and  is 
doTUibj  the  centrifugal  force  against  the  guncotton,  penetrating  its  mass  and  washing 
out  the  add.  When  the  escaping  water  ceases  to  taste  acid,  a  dilute  solution  of  soda 
(}  per  cent)  is  passed  into  the  drum  to  neutralise  the  last  traces  of  acid,  the  guncotton 
ia  igab  washed  with  water,  and  then  finally  dried  as  far  as  possible  in  the  drum. 
The  final  drying  is  effected  by  aiusing  a  strong  current  of  air  to  pass  over  the  gun- 
cotton  at  the  urdinaiy  temperature,  without  the  aid  of  artificial  heat. 

In  a  carefully  conducted  operation,  the  proportion  of  guncotton  obtained  firom 
eottoo  if  about  332  parts  by  weight  of  guncotton  for  every  200  parts  of  cotton  em- 
plowed. 

&fio8ioe  Paper, — The  preparation  of  this  substance  is  essentially  the  same  as  that 
of  gnneottoD.  Special  care  is  however  required  to  avoid  tearing  the  sheets  of  paper 
doing  the  treatment  with  acid,  and  during  the  washing  process. 

hfroxaaif  or  Explosive  Starch. — The  starch  requires  previous  diying,  which 
Moraing  to  Payen  is  be-st  effected  in  vacuo  at  a  temperature  of  125°.  After  cooling 
iaadoMd  vessel,  the  starch  is  brought  into  the  acid  mixture,  the  proportion  of  the 
httv  being  equal  to  15  times  the  weight  of  starch  taken.  After  six  hours,  the 
Uraxam  ia  taken  out)  washed  with  water,  and  then  dried  in  a  current  of  air.  Payen 
wwnnenda  drying  it  in  vacuo  at  the  ordinary  temperature. 

AU  the  above  substances  when  prepared  in  the  same  manner  have  the  same  com- 
pOBtioo,  although,  as  we  have  seen,  tne  composition  can  be  very  different,  affecting 
the  properties  ^  tiie^  substance,  especially  its  ignitability.  It  may  be  assumed  in 
gCMral  that  the  projectile  force  of  the  gases  of  decomposition  is  in  direct  proportion 
to  the  temperature  required  for  ignition,  so  that  the  greatest  amount  of  projectile 
^  nay  be  expected  from  a  preparsition  which  ignites  spontaneously  at  a  tempera- 
^  of  about  180^,  while  on  the  other  hand  the  least  amount  of  projectile  force  would 
I*  expected  from  a  compound  which  ignites  spontaneously  at  100^.  The  latter  kinds 
«*Te  ahn  the  disadvantage  that  amongst  the  products  of  their  decomposition  there  is 
^^troQi  add,  which  acts  most  injuriously  upon  fire  arms,  and  when  such  compounds  are 
ttcd  in  blasUng,  the  nitrous  acid  attacks  the  lungs  of  the  workmen. 

^e  difference  in  constitution  shown  by  the  different  kinds  of  nitro-cellulose  com- 
JJ^ttda  ia  not  only  due  to  the  difference  in  the  way  of  preparing  them,  but  also  to 
*^|wnoeB  in  the  constitution  of  the  raw  cellulose  material,  especially  its  density  and 
^  cohesion  among  its  particles.  Cotton  in  which  the  individual  tubes  are  thin 
^'^  and  delicate,  and  the  cohesive  force  equal  throughout,  offers  at  the  same  time  the 
r^^^  snr&ce  to  the  action  of  the  acid,  and  owing  to  its  homogeneity  spreads  the 
?"|tion  quickly  throughout  its  mass,  and  consequently  when  free  from  foreign  ingrc- 
^y>  it  yields  the  best  preparations,  and  such  only  ought  to  be  used  in  fire  arms. 
"Vparations  made  from  cotton,  or  linen  rags,  or  paper,  are  extremely  dangerous ; 
?*^  to  the  different  thickness  and  different  characters  of  the  individual  fibres,  they 
Jgnite  at  a  very  low  temperature.  Preparations  of  this  kind  have  been  the  cause  of 
Rodents  both  by  spontaneous  ignition  and  the  bursting  of  fire  arms,  the  trajectile 
^''^  they  communicate  to  the  projectile  being  also  slight  and  uncertain. 

^roxam  is  very  ignitable,  igniting  between  90°  and  100° ;  it  is  also  a  very  un 
'*'We  product  decomposing  at  the  ordinarv  temperature,  eitber  very  quickly  with 
•'Ptoin,  or  gradually  with  evolution  of  red  vapours  and  conversion  into  a  syrupy 
^'o ;  tlus  decomposition  is  favoured  ])y  a  moist  atmosphere. 

The  spontaneous  decomposition  of  all  the  nitro-cellulose  compounds  is  promoted  by 
^IVtience  of  a  trace  of  free  acid  ;  the  washing-out  process  therefore  requires  great 
*^(Btion.  The  action  of  lieat  upon  these  compounds  produces  a  further  alteration. 
2^  spontaneous  ignition  takes  place  at  a  lower  temperature  when  they  have  been 
Jpt  far  some  time  at  a  temperaljiro  of  from  50°  to  60°.  Thus  guncotton,  which 
2^  irat  ignite  till  heated  to  180°,  will  readily  take  fire  at  108°,  when  it  has  been 
**ted  ibr  twelve  hours  to  a  temperature  of  60°  or  60°. 

Thediftrence  in  ignitability  of  these  bodies  may  be  demonstrated  in  the  following 
^1-  Thitt  strong  glass  tubes  are  filled  respectively  with  pyroxam.  badly  washed 
plosive  paper,  and  good  guncotton,  and  all  three  tubes  heated  in  a  saturated  solu- 
^of  ailt  It  will  then  be  found  that  pvroxam  is  the  first  to  explode ;  after  a  short 
^  when  the  liq|iiid  has  got  hotter  the  explosive  paper  ignites,  while  the  gun- 
^''ttQii  docs  not  ignite  even  upon  boiling  the  solution  of  salt. 

The  nnnt,  however,  at  which  guncotton  takes  fire  is  considerably  lower  than  that 
^  vhia  gimpoiwdflr  explodes.    This  may  be  demonstrated  by  spreading  a  small 
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quantity  of  gnnpowder  upon  a  sheet  of  paper,  laying  upon  it  a  piece  of  guioo( 
and  then  holding  the  sheet  of  paper  a  short  distance  oyer  a  flame.  After  a  ■ 
time,  the  giinootton  suddenly  bums  away  with  a  flash,  while  the  gunpowder  rem 
unchanged. 

Vses. — The  application  of  guncotton  in  fire  arms  has  shown  that  its  proje 
force  as  compared  to  gunpowder  is  as  4  to  I.  Cartridges  for  sporting  gona  hoi 
3*2  grams  of  powder  cannot  with  safety  be  replaced  by  guncotton  caztri 
charged  with  more  than  0*8  gram  of  the  latter.  In  like  manner,  militaxy  fixe  i 
which  require  8*9  grams  of  powder  for  propelling  a  bullet  weighing  36  gn 
require  only  2  grams  of  guncotton  to  produce  the  same  effect.  It  appears,  hoipi 
that  in  the  larger  kinds  of  fire  arms  the  difference  between  the  efiect  exerted  bj  | 
powder  and  guncotton  is  relatively  less. 

The  difference  between  the  force  exerted  by  guncotton  and  by  gunpowder  is 
proportionate  to  the  amount  of  gaseous  products  developed  in  their  combustioiL 
kilogram  of  gunpowder  when  burnt  yields  450  to  500  litres  of  gaseooB  prodi 
while  an  equal  weight  of  guncotton  yields  600  to  800  litres  of  gaseous  products  (1 
reduced  to  a  temperature  of  0°).  The  greater  projectile  force  so  often  observed  in 
case  of  guncotton  can  therefore  only  be  explained  by  the  assumption  that  the 
formed  upon  burning  guncotton  acquires  a  higher  temperature,  and  oonaeqiie 
greater  expansive  force,  than  the  gas  formed  by  gunpowder. 

Advantages  of  Guncotton. — Since  a  given  weight  of  guncotton  is  more  effectiye  1 
the  same  quantity  of  gunpowder,  its  transport  is  easier ;  it  is  not  altered  by  moifll 
or  even  by  soaking  in  water ;  it  does  not  soil  fire  arms  like  gunpowder;  nHien  use 
sporting  guns  the  shot  is  less  scattered  than  is  the  case  when  gunpowder  is  v 

This  last  fact  may  be  understood  by  assuming  that  the  complete  decompositiioi 
guncotton  takes  place  within  a  very  small  space  in  the  gun,  in  consequence  of  iri 
the  shot  receives  its  entire  velocity  before  leaving  the  gun.  On  the  other  hand 
complete  explosion  of  powder  requires  a  longer  time,  extending  over  the  entire  Ut 
of  the  barret  and  even  beyond  it  so  as  to  cause  a  lateral  deviation  of  some  of  the  s 

These  advantages  are  somewhat  modified  by  guncotton  being  dearer  than  f 
powder ;  the  chief  disadvantage  however  in  the  use  of  guncotton  is  its  injorious  a 
upon  the  fire  arms.    These  considerations  haye  checked  its  general  application. 

The  property  possessed  by  guncotton  of  exploding  when  struck  has  led  to  atten 
being  made  to  use  it  in  the  place  of  percussion  caps,  but  at  present  without  : 
successful  result. 

The  effect  exerted  by  explosive  paper  is  irregular,  and  is  exerted  more  upon 
barrel  than  upon  the  projectile.  These  inconyeniences  are  greater  in  proportion  to 
thickness  of  the  paper.    For  this  reason  the  use  of  explosive  paper  is  now  given  up 

The  lost  result  attained  by  the  use  of  guncotton  in  the  place  of  gunpowder  is 
application  to  blasting  purposes,  where  its  entire  explosive  rorce  is  brought  to  accoi 
and  where  the  disadvantages  are  too  insignificant  to  be  worth  noticing.  The  gene 
application,  however,  of  guncotton  for  blasting  purposes  is  retarded  by  its  high  pr 
which  at  present  is  not  counterbalanced  by  its  greater  explosive  eflect.  It  n 
howeyer  be  expected  that,  by  means  of  manufactories  well  arranged  and  conduct 
guncotton  will  become  cheaper,  especially  as  the  greater  part  of  the  acid  employ 
admits  of  being  turned  to  farther  account.  The  mixture  of  acids  recovered  by  pn 
ing,  and  with  the  centrifugal  machine,  amounting  to  about  70  per  cent  of  the  ea.' 
quantity,  is  not  strong  enough  to  be  used  again ;  but  it  might  either  be  soldi 
sulphuric  acid  manufacturers  or  the  nitric  acid  distilled  off. 

The  explosive  force  of  guncotton  is  considerably  increased  by  mixing  it  ^ 
potassium  chlorate  or  potassium  nitrate,  which  is  effected  by  saturating  it  "V 
solutions  of  these  salts  and  then  drying  it. 

Testing  of  Guncotton. — The  only  possible  adulterant  capable  of  being  used 
adulterating  guncotton  is  ordinaiy  cotton.  Both  substances  are  readily  <ustin^;iii 
able  under  the  microscope.  By  moistening  a  mixture  of  the  kind  with  solution 
iodine,  and  adding  a  drop  of  sulphuric  acid,  the  guncotton  assumes  a  yellow  colo 
while  the  cotton  becomes  blue.  Besides  this,  ordinary  cotton  is  transparent,  and 
seen  to  consist  of  fine  tube-like  cells,  while  guncotton  presents  an  entirely  alter 
appearance,  the  cell  character  being  no  longer  recognisable. 

It  has  often  happened  that  violent  explosions  have  occurred  in  magasines  ai 
manufactories  of  guncotton  without  any  apparent  cause  being  traceable,  and  in  lOon 
that  had  not  been  entered  for  several  days.  The  probable  cause  of  such  explosions 
the  heat  developed  by  gradual  decomposition  and  the  increase  of  surrounding  teiap< 
rature  up  to  the  point  of  ignition,  owing  to  the  non-conductive  power  of  the  m** 
The  liability  to  explosion  would  of  course  be  iucroaaed  by  the  presence  of  more  essil 
jgniiMb  nitro-substances.    Payen  refers  an  explosion  that  occurred  in  Vineeiuw*  ^ 
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tliif  ouue.  The  ganeottoii  theie  stored  up  was  prepared  firoxn  hemp,  which  according 
to  Malagotti  codUids  starch,  which  would  have  been  converted  during  the  nitrifica- 
tion into  the  easily  ignitable  and  decomposable  pyroxam. 

Aeddents  haye  abo  occurred  in  filling  rockets  into  which  the  guncotton  was  driven 
vith  great  force,  and  this  is  not  astonishing,  since  it  is  a  well-known  fact  -that  a 
simple  blow  sofiicea  to  explode  guncotton. 


NITfiOGLYGEBIN. 

During  the  last  few  years  attempts  have  been  made  to  replace  guncotton  by 
the  eompoond  known  as  nitroglycerin,  or  Hobol's  blasting  oil,  the  explosive 
properties  of  which  exceed  those  of  guncotton.  Nitroglycerin  hais  a  composition 
npmeatedby  the  formula : 

^  is  aooofdingly  the  nitric  ether  of  glycerin.  For  preparing  nitroglycerin,  500 
puti  bj  weight  of  glycerin  are  slowly  poured  into  a  cold  mixture  consisting  of  2200 
F^cooeentrated  sulphuric  acid  and  1100  parts  very  concentrated  nitric  acid;  the 
ibole  is  allowed  to  stand  for  ten  minutes,  and  then  poured  into  a  quantity  of  cold 
nUr  iQQil  to  six  times  its  volume,  taking  care  to  stir  the  mixture  constantly  the  whole 
tiBB'  Nitroglycerin  then  separates  in  the  form  of  a  heavy  oil,  which  is  freed  from 
^'^^V  npe^ed  washing  with  cold  water.  Nitroglycerin  has  all  the  explosive  pro- 
pmei  of  gnoootton  in  a  greater  degree ;  rapid  heating,  or  a  blow,  causes  its  infme- 
jwtoplosion,  and  these  circumstances  have  led  to  terrible  accidents.  A  special 
^mv  ieoompanying  nitroglycerin  consists  in  its  tendency  to  crystallise  at  low 
^''■pvttani ;  attempts  to  remelt  these  crystals  too  quickly  often  cause  the  entire 
■••toexploda 

For  bUstinff  purposes  a  quantity  of  nitroglycerin  is  poured  into  the  bore  hole, 
^""^  op  with  sand  and  ignited  with  a  fusee.    The  efiect  produced  is  most  as- 


Thematwial  known  under  the  name  of  dynamite  is  a  preparation  of  nitro- 
FJp'nB;  it  is  not  so  dangerous  as  nitroglycerin,  owing  to  its  only  exploding  when 
VW  and  not  by  a  simple  blow. 


SODIUM. 

Stkbol  Na.    Atomio  Wbiobt  23. 

History. — This  elementary  substance  was  disoorered  in  1807  Irjrffir  'E.Jktf, 
about  the  same  time  as  potassium,  and  the  result  of  the  isolation  of  this  metil  viito 
establish  the  analogy  between  soda  salts  and  ihe  salts  of  other  metali,  iHiieii  tei 
been  long  suspected,  and  was  more  definitely  suggested  by  LaToisier  in  1787- 

Oeenrrenee. — Sodium  does  not  occur  naturally  in  the  free  state,  but  in  coali- 
nation  with  some  other  elementary  substances  it  occurs  very  abundantly ;  as  ehkrili 
it  occurs  in  the  solid  form  as  rock  salt,  and  in  a  state  of  solution  in  sea  wator  uA 
the  water  of  many  mineral  springs.  Sodium  also  occurs,  combined  with  o^fgn  u^ 
rarious  acid  oxides,  in  the  form  of  salts ;  thus,  for  instance,  the  nitrate  ocean  ilO' 
dantly  as  cubic  nitre,  the  sulphate  as  thenardite  and  in  the  hydrated  itattii 
mirabilite;  the  carbonate  occurs  as  soda  and  trona,  and  the  borate  astinetlcr 
borax.  In  the  oxidised  state  sodium  also  enters  into  the  oompoeition  of  a  gM(. 
number  of  siliceous  minerals,  such  as  albite,  labradorite,oligocla8eyme8ot^«k 
and  other  zeolites,  nephelin,  sodalite,  achmite,  lapis  lasuli,  etc.  SoraW 
also  occurs  combined  with  fluorine  and  aluminum  fluoride  as  cryolite.  Inflidl 
proportions  sodium  salts  occur  in  coal,  limestone,  dolomite,  and  other  minawk  ■* 
well  as  in  solution  in  the  water  of  rivers  and  mineral  springs.  In  plants  sofiw 
occurs  as  sulphate,  iodide,  and  chloride,  and  combined  with  rogetable  adds*  tMgKii^ 
in  some  kinds  of  sea-weed,  and  in  certain  plants  which  grow  near  the  sea,  Mb** 
salicomia,  salsola,  and  chenopodium,  etc. ;  in  animals  sodium  occurs  as  ddflA 
phosphate,  carbonate,  and  sulphate,  and  combined  with  various  ofganie  acids. 

Cliaraoters. — Sodium  is  a  solid  substance  possessing  all  the  essential  chaituM 
of  a  metal ;  it  has  a  dull  silver-white  colour  and  considerable  lustre  when  the  wto 
is  clean,  but  it  soon  becomes  dull  by  oxidation.  The  density  of  sodium  is  less  than  tfaiftcf 
water,  its  specific  gravity  being  about  0*972.  At  the  ordinary  temperature  sodiiB 
is  soft,  and  can  be  easily  cut  with  a  knife ;  when  cooled  to  0^  it  is  ductile,  and  at  -j-St^ 
it  becomes  much  harder ;  it  melts  between  96^  and  97^,  and  is  volatilisableat  ahi^* 
temperature.  When  exposed  to  the  air,  sodium  graduallv  oxidises,  and  when  hsM 
in  contact  with  atmospheric  air,  it  bums  with  a  yellow  flame,  forming  sofiiB 
monoxide  Na^O,  and  sodium  peroxide  Na^O, ;  heated  in  oxygen  gas  the  peroxide  OB^f 
is  formed.  Sodium  decomposes  water  with  evolution  of  hydrogen  gas  and  formatitf 
of  sodium  hydrate  NaHO,  which  dissolves  in  the  excess  of  water. 


I. — Sodium  is  obtained  by  exposing  to  a  very  high  temperatan* 
mixture  of  dry  sodium  carbonate  and  charcoal  or  coal.  The  reaction  that  takes  plte* 
consists  in  the  formation  of  carbonic  oxide,  with  reduction  of  the  sodium,  as  shovn  ^ 
the  following  equation  : 

Na,CO,  +   20     =     300  +   2Na 
106  24  84  46 

Beville  recommends  adding  to  the  mixture  some  porous  material,  such  as  cbafti 
to  prevent  the  separation  of  the  melted  sodium  carbonate  firom  the  charooal,  and  h* 
gives  the  following  proportions  : 

Dry  sodium  carbonate  ....  80  parts  by  weig^ 

Oharooal  or  coal 18      „  „ 

Chalk 3        „ 

According  to  Tissier,  the  addition  of  chalk  is  unnecessary  when  the  prc^Kxrtio&  tf 
charcoal  is  properly  adjusted. 

The  materials  must  be  well  dried,  powdered,  and  thoroughly  mixed  in  such  a  wiy 
as  to  avoid  absorption  of  moisture.  In  making  sodium  on  a  small  scale  a  msRiiJ 
botUe  may  be  used  for  heating  the  mixture,  and  fltted  in  a  furnace^  as  shown  il 
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ntdtdof  tliemBieiiiTbo[tlG(A)is  supported  bys  firebrick  (b),  and  iaioit 
«f  tbt  bottle  (c)  U  fitted  a  ihort  iron  tube,  bj  vhich  Uia  sodium  v&poor  m 
uuilutad«DHr(DB}. 

Is  pnpwing  eodiuni  on  the  luga 
Mdht£>iuitliie  is  bested  in  WTOoght- 
im  tabu  about  four  feet  long  and 
fln  indMi  vide,  closed  at  both  enda 
villi  wmi^t-iniu  lids,  in  ous  of  which 


U  tiUM  are  coreied  with  clay  and 
lui  a  b»«taj  eaiei  in  a  nverber- 
■uiT  fonce  with  good  drooght,  in 
"t^  a  nj  that  the  ends  slightly  [«o- 
^*-  "On  space  between  tlie  iron 
tdauddufiieH^lajeaeee  U  filled  in 
iritkpmdend  Am  eUy  or  some  otbei 


pnMtdig,  tha  iro: 
Ml  f^  slighUy  R 

t^m-pRfto^  lid 

^  wtoie,  packed  in  paper  i 

p'n  ■  intnuaoBd,  each  tube  b 


Fio.  134. 


e  byeideiD  thp  furnace.  The  lids  are 
1^  onto  screwed  on  to  the  tubes,  smeared  over  with  clay,  and  the  tubes  are  heatiMl 
to  UgU  rsdnesa.  After  the  escape  of  some  water  Tiipour,  combnsUble  bydrocsTbons 
^pT«i  off  with  carbonic  oiide,  etc,  and  finally  vapoiir  of  eodiuin,  which  may  be 
'ts  forming  a  thick  fame  in  contact  with  ibe  air  (sodium  caibooate)  and 


""Mr,  in  which  the  sodinm  Tapour  condenses  and  drops  in  the  form  of  metallie 
"^•m  into  vefMls  placed  beneath,  half  filled  witli  petrolonm.  The  cmde  sodium  is 
f>M  wbed  nnder  petroleum,  and  cast  into  bars  for  Uie  market. 
^jkccndenaers,  which  contain  considerable  quantities  of  sodium,  are  cleaned  by 
^'Uiag  llum  bene*tli  petroleum,  and  scrainngofftheBodjuni  with  some  sbarp  instru- 
'^  Tbe  impme  residues  found  iu  the  receivers  arc  purified  bj  distilling  thorn 
^samnrr  bottle. 
,  Aeoopleof  tnbM  of  the  above  dimenaions,  holding  togothor  24  pounds  of  sodium 
|*|*tai^  yield  abont  42  ozs.  of  nw  sodinm,  from  which  38  ozs.  of  pure  product  may 


I,  the  nlorta  of  tnbes  opened,  t 


Oniig  to  the  &ct  that  sodium  rapidly  oiidisex  in 
(*qoins  keefdng  ander  petmleiun. 


FOBMCU   Na,0.      MoLKCDLJtB  Whioht  62. 

^  TMt  sabstanoe  cloael  j  resemblea  the  corresponding  potassiam  compound,  and  it 
■^ntd  in  the  mae  manner. 


NaHO.    HoizcDuB  Wbioht  40. 

^  "^MWIW. — Caustic  sodaas  usually  met  with  is  a  white  translucent  ciystalliue 
r*^  rticb  iBindlj  attiacU  moisture  from  tbe  air,  and  is  readily  soluble  in  waUr; 
T^.'*  >tis  }uffutt  temperatures  no  water  can  be  driren  off  from  the  fused  suLetancc^ 
"  it  will  ill  w  wilbout  decompoaiiion.  The  solution  of  sodinm  hydrate  in  water  ia 
?°^ipwi«d  by  riaeof  bsmperature.  After  dsUquewdng  caustic  soda  soon  become* 
^*4a(HBfrom  totmalioD  ^sodium  carbonate.    Aqueous  solutions  of  it  when  cooled 
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to  0^  deposit  .1  crystiillinc  hydrate  containine  NajO.SH^O.  The  amonxit  id  i 
sod&  in  aqucons  eolations  may  be  ascertained  from  their  specific  grayity,  wfai 
creases  with  the  amount  of  caustic  soda  dissolved,  as  shown  in  the  following  tal 


.'•poc.  Cruv. 

Per  Cent. 

Ppec  Grar. 

FerOKl 

200 

77-8 

1*40 

29-0 

1-66 

63-6 

1-36 

26-0 

1-72 

63-8 

1-32 

28-0 

1-63 

46-6 

1-29 

19-0 

l-.W 

41-2 

1-23 

160 

1*60 

36-8 

118 

18-0 

1-47 

340 

1-12 

9H) 

1-44 

310 

106 

4-7 

Pure  caustic  soda,  when  dissolyed  in  water,  forms  a  clear  coloorlew  liquid  tli 
a  strong  alkaline  reaction  and  caustic  taste ;  it  dissolTes  fata,  and  fbnns  nliiM 
pounds  with  the  acids  they  contain — a  process  technically  tamed  saponifiei 
When  exposed  to  the  air  caustic  soda  absorbs  carbonic  acid,  and  thereibie  nl 
of  caustic  soda  require  to  be  kept  in  well-stoppered  botUea.  Sodium  hydnte  i 
soluble  in  alcohol ;  the  solution  when  freshly  prepared  is  colonrieas,  but  gim 
becomes  brownish,  and  oventaally  black  in  colour,  owing  to  the  formataoD  of  a  n 
substance. 

Vreparatton. — Sodium  hydrate,  or  caustic  soda,  ma^  be  prepared  an  the 
scale  by  dissolving  crystallised  soda  (sodium  carbonate^  in  fbur  times  its  vei^ 
water,  in  an  iron  or  silver  vessel,  and  adding  one-fourth  its  weight  of  lime  mizei 
four  times  its  weight  of  water.  This  mixture  is  boiled  until  carbonic  dioxide  ha 
entirely  abstracted  by  the  lime,  and  a  small  quantity  of  the  liquid  filtered  fro 
suspended  calcium  carbonate  no  longer  effervesces  when  treated  with  a  dilaU 
This  indicates  that  the  whole  amount  of  sodium  carbonate  has  been  conreKtc 
hydrate,  the  reaction  taking  place  according  to  the  equation : 


Na,CO,  +  CaHjO, 
106  74 


2NaH0  +   GaCO, 
80  100 


Tlie  dear  liquor  in  the  pan  is  then  filtered  or  decanted  from  the  caldni 
bonate,  and  either  at  once  filled  into  well-stoppered  bottles,  or  evaporated  to  d 
in  silver  or  iron  dishes.  This  method  was  formerly  employed  for  the  preporal 
caustic  soda  on  the  large  scale. 

Caustic  soda  is  now  produced,  together  with  sodium  carbonate,  by  Leblanc'a  n 
the  quantity  of  coal  added  to  the  mixture  of  sodium  sulphate  and  chalk  being  inc 
in  oraer  to  obtain  more  of  the  soda  in  the  caustic  state.  After  the  Uqiwr  ob 
by  tlie  lixiviation  of  tiie  ball  soda  has  cleared,  it  is  at  once  concentrated  to  a  a 
gravity  of  1*5,  the  sodium  carbonate  which  separates  is  removed,  and  the  mother 
heated  in  iron  vessels  to  about  150^.  Some  Chili  saltpetre  (sodium  nitrate),  an 
ing  to  from  3  to  4  per  cent,  of  the  caustic  soda  in  the  liquor,  is  then  thrown  in  i 
oxidation  of  the  sulphides,  hyposulphites,  and  sulphites  of  sodium  present  in  the! 
The  nitrogen  of  the  sodium  nitrate  escapes  partly  as  ammonia  and  partly  in  tl 
condition,  according  to  the  following  equations : 

Na^  +  NaNO,  +  2H,0    -    Na^O,  +  NaHO  +  NH,. 
SNa^S  +  8NaN0,  +   4irjO     =    fiNajSO,  +  8NaH0  +  8N. 

The  sodium  nitrate  causes  further  the  decomposition  of  cyanogen  oomp 
(sodium  ferrocyanide)  and  the  conversion  of  ferrous  sulphide  into  ferric  oxide, ' 
collects  at  the  Ixvttom  of  the  pans,  together  with  other  impurities.  Hie  clear  1 
is  then  drawn  off,  concentrated  to  a  spec.  grav.  of  1*9,  and  run  into  cyliodri( 
rccten^ular  cast-iron  moulds,  in  which  it  solidifies  to  a  crystalline  mass. 

Tlio  use  of  atmospheric  air  as  an  oxidising  agent  in  place  of  sodium  nitnti 
considerable  importance.  It  is  forced  into  the  solution  either  by  means  of  1 
pump  or  by  Kteam.  An  arrangement  of  the  kind  much  employed  in  this  counti] 
sists  of  a  cylindrical  boiler  fnmished  with  a  perforated  false  bottom  at  a  little  dh 
h1)ovo  ite  bottom.  A  tube  at  right  angles  to  the  axis  of  the  cylinder,  fumiab^i 
funnel  at  its  upper  extremity  and  fitted  into  the  middle  of  the  false  bottom,  mtt 
charging  the  liquor  with  steam  and  air,  which  is  effected  by  allowing  steam  to  c 
frrmi  a  tube  just  above  the  mouth  of  the  funnel.  Steam  mixed  with  air  is  thus  bp 
beneath  the  false  bottom,  the  mixture  serving  at  the  same  time  to  heat  the  liqeo 
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ffiddise  impuritiet.  The  admission  of  steam  and  air  is  continued  until  the  liquor  no- 
longer  ^'eld»  a  precipitate  of  lead  sulphide  when  a  portion  of  it  is  treated  with  a  solu- 
tion of  lead  acetate. 

A  groat  number  of  other  methods  have  been  proposed  for  the  preparation  of  caustic 
nda,  among  which  the  following  may  be  mentioned.  A  process  that  has  been  several 
times  patented  consists  in  decomposing  an  aqueous  solution  of  sodium  sulphate  with 
camtic  baryta.  Another  method  consists  in  first  decomposing  common  salt  with 
ihoalicie  acid,  the  sodium  silico-fluoride  being  then  converted  into  caustic  soda,  by 
tnatingit  with  caustic  lime,  either  at  once,  or  after  heating  it  to  redness.  When  the 
"xiiuin  Bilioo-fluoride  is  heated  to  redness,  it  is  decomposed  into  sodium  fluoride  and 
pnoQsnlicium  fluoride,  which  is  converted  into  fluosilicic  acid  by  passing  it  into  water. 
Jean  melts  together  fluor  spar,  calcium  carbonate,  Glauber's  salt  and  carbon,  the  product 
|ipon  tnatmentwith  water  yielding  a  solution  of  sodium  fluoride,  which  is  then  converted 
loto  cansdc  soda  either  by  means  of  caustic  lime  or  by  superheated  steam.  Friickner 
iQgKestfl  heating  sodium  sulphate  to  redness  with  coal,  lixiviating  out  the  sodium 
<ol^icle,and  then  decomposing  it  with  copper  scales.  In  this  way  caustic  soda  and 
°i|ne  aolphide  are  formed  (vide  p.  268).  Bachet  recommends  treating  a  solution  of 
^^Bmon  salt  with  lead  oxide,  by  which  means  insoluble  lead  oxychloride  and  sodium 
^T^te  are  formed.  The  oxychloride  is  then  reconverted  into  soluble  lead  oxide  by 
^'••ting  it  with  milk  of  lime. 

Pure  sodium  hydrate  is  prepared  by  treating  metallic  sodium  very  carefully  with  a 
■nail  quantity  of  pure  water  in  bright  iron  or  silver  vessels.  The  product  consists  of 
ft  thick  paste  of  sodium  hydrate,  which  is  dried  and  afterwards  melted. 
^Rm  percentage  of  sodium  hydrate  in  commercial  caustic  soda  varies  considerably, 
^^inmon  caustic  soda  is  always  found  to  contain  a  number  of  foreign  admixtures,  and 
°^fi^  this  the  percentage  of  water  contained  in  it  varies  with  the  degree  to  which 
'^  caoidcsoda  Uquor  hiM  been  evaporated. 

The  following  analyses  of  commercial  caustic  soda  are  given  by  Tissandier  :^- 


Sodinm  hydrate  . 
,      »     carbonate 
n     sulphate 
^ ..     chloride 
Water       ..         . 

1 

Bnglish  CaosUc  Soda. 

French  Caustic  Soda. 

I. 

n. 

IIL 

IV. 

V. 

VI. 

87-73 
3-46 
1-00 
7-23 
0-69 

87-60 
3-68 
1-32 
6-82 
0-68 

86-71 
6-48 
2-10 
6-60 
1  11 

76-31 
6-68 
3-41 

11-32 
4-38 

72-66 
9-82 
200 

12-32 
3-31 

86-10 
3-69 
2-60 
390 
3-71 

Bendes  the  above  substances,   commercial  caustic  soda  often   contains    small 
^I**>^tie8  of  sodium  hyposulphite,  calcium  carbonate,  and  other  impurities. 


— ■ — One  of  the  chief  uses  of  caustic  soda  is  in  soap  making.  It  is  also  used  in 
^piace  of  soda  in  dye  works,  for  removing  fatty  and  other  impurities  from  the  stulT. 
^'"ticioda  is  further  used  for  purifying  carbolic  acid,  petroleum,  and  coal  oil  products, 
f^f  in  the  manufacture  of  oxalic  acid  and  soluble  glass,  as  well  as  for  many  purposes 
^"'kft  laboratory. 


SOBXVM     CBXiOSZBa. 

FoBXuuL  KaCl.    Molbculab  Wkight  58*6. 

.  ..wy. — This  important  substance,  generally  termed  common  salt,  has  been 
^^  fi^om  the  earliest  times  as  being  a  necessary  a<^'unct  to  the  food  of  animals, 
^  it  is  mentioned  in  the  writings  of  Moses  and  Homer.  In  a  chemical  point  of 
^  it  is  interesting  as  constituting  the  type  of  a  large  class  of  substances  now  com- 
I*^^  under  the  generic  term  of  salts.  The  Greek  name  of  salt,  iXs^  denotes  the 
*^  tabstance  left  when  sea  water  is  evaporated,  and  the  several  steps  by  which  this 
"P^ofie  application  of  the  term  was  extended  show  that  the  idea  indicated  by  the 
^^^l^gy  of  the  word  led  to  its  application  to  other  substances  obtained  in  like 
***Par  by  the  evaporation  of  watery  liquids.  Thus  the  residue  left  on  evaporating 
^  Ije  of  wood  asoes  was  termed  a  salt  by  Aristotle,  and  several  other  substances 
T^  <iasignated  by  the  same  term  with  speciflc  reference  to  their  origin,  as  in  the  cases 
^^  vegetoMt  (potash),  sal  ammoniac^  sal  pdrtp,  etc. 


.    -^— ,,^„, — .^inm  chloride  is  one  of  the  most  widely  distributed  substances. 
^^^ttcn  in  \ag^  and  extensive  beds  in  all  parts  of  the  earth,  and  in  the  most  various 


Baden,  Upper  BaTsrin,  HarnnoT,  etc  Kock  salt  ii  fuuDd  ia  Engluid  in 
wndBtone  in  Derbyshire,  Worccelenhire.  etc.;  it  is  foand  unong  tlie  tartiK 
in  the  Curpnthiaiu,  Hungary,  and  Gslicia;  alao  in  Zackst«in,  to  irhich  bel 
eiteruiTO  rock  ult,  bed  formation  north  of  the  Hati  monntuns  at  8tMl 
■oath  of  the  Uar  at  Brfiut,  aod  other  bed>  in  Brandenborg,  the  Tn 
forest,  and  other  places  in  Oomianj.  Bock  salt  ooenn  alw  in  the  ohalk 
and  lias  formations. 

Sodiam  chloride  ocean  natorally  as  an  efflorescence  from  the  euth'a  at 
fbr  instance  in  the  vicinity  of  tbe  Caspian  Sea,  the  tableland  of  Tllibet,  Me. 
chloride  also  occnrs  yaj  abundantly  in  a  state  of  aolntJOD  in  the  'water  ti  t 
of  springs  (salinei},  in  the  water  of  the  sea,  and  in  si    " 

ObKnMten.— Sodinm  chloride,  when  pure,  is  a  solid  white  »       

lising  in  cnbes,  bnt  without  water  of  eryiriitUisatioa.  It  ia  hjgioKapic  u 
it  contains  fbroign  ingredients,  such  as  calcium  chloride  and  inagneaiiim 
The  ayBtals  of  common  salt,  obtuned  by  eviiporatjns;  ita  •oltitions,  are  px^ 
larger  when  the  evaporatian  has  been  slow,  appearing  then  as  htdtov  qaw 
pyramids  with  termce-like  sides,  which  are  found  upon  examinaljon  to  ( 
Bggn^tions  of  distinct  cubes.  Although  the  ciystali  of  aodiom  chloride  oi 
water  of  crystallisation,  they  generally  contain  nnsJl  quantities  of  nothi 
oncloflod  in  them,  and  this  cansea  the  crystals  to  decrepsEate  when  haatad. 
chloride  when  itFongly  heated  melts  to  a  transparent  colourless  liquid  ;  at  tt 
it  volatilises,  and  does  so  more  readily  when  a  current  of  air  is  puwd 
heat^  mass.  Thf.  solubility  of  sodium  chloride  in  water  does  not  tslij  mneh 
tempeiatore  :  100  parts  of  water  at  16°  dissolTe  3273  parts  (^  sodium  ehkci 
35-6a  parts;  at  25°  36-18  part*  ;  at  70°  8788  parts;  and  at  100°  39-Bl  pmti 
centrated  solution  of  salt,  cooled  down  to  —  15°  dcposite  hydrated  crTSlaU, 
composition  represented  br  the  formula  NaCl  +  2H,0,  which  however  give 
water  of  crystnllisation  when  the  temperature  is  raised  to  —  10°.  So£um 
is  solublu  in  aqueous  alcohol,  in  proportion  to  the  amount  of  water  it  contains 
a  spec,  gravity  of  from  2'10  to  2-Id  and  its  taste  ia  saline  and  pleasant 

Vreparatloni — Sock  Salt. — The  salt  of  the  various  rock  salt  deposits  i 
chemically  pure,  but  always  contains  soma  admiztnres  of  other  salts,  as  may 
ttom  the  following  table  of  analyses ; 
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Wielicaka  . 
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Berehtesgadeu    .        . 

Ba.B5 

liaccB 

0-lfi 

Hall,  Tyn.1         .         . 

9fl'43 

0-86 

(l-l! 

020 

Schwab.  Halt     . 

9963 

0-09 

0-28 

9930 

0-60 

Erfte         .         .         . 

98-01 

traces 

0-41 

0-06 

148 

Cordona      .         .         . 

98-56 

0-BO 

0-44 

HJob«l  Melah  (Ambia) 

97  01) 

3-00 

Vesuvius  1822    .        . 

83-10 

13-90 

1-60 

0-70 

1850    . 

62-46 

57-66 

1855    . 

01-30 

- 

- 

- 

0-20 

0-7O 

0-40  1-00 

O'i 

It  often  happens  that  rock  salt  contains  eases  enclosed  within  it.  Soma  ip 
of  mck  salt  from  Wieliczka,  for  instance,  decrepitate  when  thrown  into  vtta 
to  the  escape  of  condonsed  gas,  which  has  been  found  to  consist  of  hydrogaii,  c 
oiiile,  and  maish  gas,  dellant  gas  BometimoB  replacing  the  latter.  In  sou 
rock  salt  is  found  together  with  petroleum. 

Rock  salt.  accMtting  to  its  mode  of  occurrence,  is  either  qnacried  or  Mil 
places  whpre  the  depodt  Uea  deep  and  is  of  great  oitent.  laiga  caritie*  are  I<» 
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blaatiiig,  (m«  ora  llie  othar,  which  &»  sapportad  by  pillnra  and  valU  irf  Uib  Mlt 

itself,  aa  is  the  eua  in  tha  eoormoaa  salt  mine  at  Wielinka. 

Hock  mlt  u  itoomea  from  the  miDeToriea  id  purity.    It  is  sometimcB  to  pnie  and 

vfaite  that  it  nqmrea  no  pnptlation  but  grinding  u  convert  it  into  Baow-whito  cnli- 

nai7  ult.    Tha  more  impure  sort  ia,  however,  often  liiiTiated  in  Bnitabia  Inilers  with 

natonl  or  aitifidal  biina,  and  the  aolntion  evaporated  Co  obtain  tbe  aalt. 

Fbo>  Natdbu.  akd  Asrmcui,  Banra  SraiHaa, — Natnial  brine  springs  contain  a 
(offleint  amovnt  of  nit  to  lendei  it  profitable  to  boil  the  biine  down  at  once.  Spciogs 
of  ttiiakiDd  u«  bovevor  lare.  owitigto  the  icfiltratiDQ  of  snr&ce  water,  which  dilute* 
*Im>  tnins.  This  dilutioa  by  snr&ce  water  is  prevented  by  means  of  water-tight 
*haftat  wUeb  irwfh  down  to  the  spring.  The  moie  general  plan  is  to  bore  a  bola 
tight  into  the  bad  of  roek  nit,  and  U>  pomp&omita  more  satuated  brine, 

,  -^ri^eial  itrwM  ^>riiigi. — These  differ  from  one  another  according  to  their  sitita- 
hon,  Wtbsy  ueaUfonoed  aithsTbytreatingsaltdeposilfltbenuelves,  or  rait  that  has 
'"*■)  alnady  qnanisd,  wit^  fresh  water,  or  with  weak  brine,  which  contains  too  little 
"'t  for  bcnhng  domi.  Tbas  brines  are  formed  by  boring  into  depoails  of  rock  salt, 
f^ld  admitting  watar,  generally  anr&ca  water,  the  brine  being  then  removed  either  with 
^''ckots  <g  by  pnmping.  The  brine  thus  obtained  contains  abont  20  per  i^ent.  ot  salt. 
^notligr  mrtbra  coosista  in  lixiviating  already  quarried  salt,  the  latter  being  generallj 
'"'Pww  from  admiituree  of  day  and  gjpsum.  The  liiiviHtion  ia  gentrally  carried  out 
**  ti)«!  nrfaee,  and  seldom  in  the  mine  itself.  The  aalt  ia  treated  in  large  baiaa  or 
£**»■  sillier  wilh  fresh  water  or  with  a  weak  brine  ;  In  soma  places  sea  water  ia  used. 
-*D«  Mmouiit  of  nit  in  tha  brine  thus  obtainsd  varioe  between  20  and  25  per  cent. 

,  Tbt  eomposition  of  brine  varies  considerably.  The  chief  conetitnent  ia  sodium 
'^OKide  or  common  talt,  bat  it  always  conlAiaa  some  other  salts  in  solution,  which 
"■WidnmbiT  aflect  the  value  of  the  brine. 

In  the  nllowing  table  is  given  the  analyses  of  brine  from  ft  few  natural  springs. 


n^ 

beck. 

EreDmBdi 

Sodinm  chloride 

17-718 

9623 

I-otaamim  chloride 

0-166 

OOOT 

0008 

0-008 

Sodinm  sulphate    . 

0  240 

0-208 

Potaasinm  sulphate 
C«l(nu»  ehlori^e  . 

0O14 

0-004 

0-134 

0-2G1 

0-406 

0-083 

0092 

Oilcinm  snlphate  . 

0-46S 

0-339 

0'2a0 

0012 

CUrinm  eubonate 

0020 

0068 

0003 

Inn  orbonate      . 

0-001 

0-00* 

0-00i1 

OOOl 

Allnminnm  snlphato 

0001 

0013 

Orguie  fubslance 

- 

O-OOl 

0-012 

traces 

1  BodioH  chloride  . 
IISHa^mn  chloride 
\  PManinm  solpbate 

^kinm  ehloruie 
1  lIsiMsiiun  chkrida 
I  Uoom  anlphate 
Kt^waium  sulphate 
"iilrinB  e»ibooB[a 


P«i  dftennining  the  percentage  of  aalt  contained  in  brine,  gauges  nm  used  which 
™ttta  either  the  specific  gravity  of  the  brine,  or  the  nomber  of  pouriile  of  nilt  con- 
'^tal  ia  a  cubic  foot  of  the  bnne, 
^■dflc  gravity  of  the  brine, 
•n  fcr  a  tfmpnaUR  of  15° 
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Spec.  Orav. 

Per  cent,  of  Sodium 
Chloride. 

Spec.  Orar. 

PerooDt  of  £ 
Ohkvrida 

100712 

1 

M0323 

14 

1012472 

2 

111095 

15 

102146 

3 

1-11872 

16 

102868 

4 

112655 

17 

103594 

5 

118443 

18 

104324 

6 

1  14327 

19 

1*06058 

7 

1  15038 

20 

1  05796 

8 

1  15844 

21 

106539 

9 

116657 

22 

107286 

10 

117476 

28 

108088 

11 

1-18302 

24 

1-08795 

12 

1-19185 

26 

109556 

18 

M9975 

26 

In  using  this  table,  however,  regard  mnst  be  had  to  the  fiaet  that  the  _ 
other  salts  than  sodium  chloride  influences  the  specific  grayity  of  the  brixiey  ai 
too  in  a  way  different  to  sodium  chloride ;  on  wkich  account  the  table  can  < 
used  for  bnne  containing  small  quantities  of  other  salts.  The  table^  wlie 
for  brines  containing  laige  quantities  of  foreign  salts,  re^uhres  a  correction,  whid 
with  the  brine,  but  is  constant  for  one  and  £e  same  bnne,  since  in  the  latter  a 
reladye  amounts  of  the  salts  remain  the  same. 

The  strength  of  brine  is  sometimes  expressed  by  the  quanti^  of  watariHdd 
in  solution  one  part  by  wei^t  of  salt  The  measuring  of  brine  is  efected  in  yarioai 
in  measuring  boxes ;  in  the  receivers  and  evaporating  pans,  the  capacity  of  vl 
known ;  or  by  observing  the  length  of  time  occupied  by  the  flow  of  the  bzini 
tubes  of  known  diameter. 

«  Concmtratina  the  Brine. — ^A  great  number  of  brines  contain  too  little  common 
solution  to  enable  them  to  be  bofled  down  at  once.  Such  brines  are,  therefon 
jected  to  a  process  of  concentration,  or  what  is  technically  termed  gradation. 

Fagaot  Gradation, — Thisoperation,  which  is  also  known  as  drop  gradation, 
most  onen  employed.  The  weak  brine  is  caused  to  trickle  down  the  sides  of  a 
tion  house,  which  consists  of  a  framework  of  timber  fitted  with  faggots  of  th 
(Prunus  apinosa).  The  weak  brine  is  pumped  into  a  water-tight  tank  placed  abc 
gradation  house ;  this  tank  is  provided  with  a  number  of  taps  from  which  the 
trickles  into  channels  provided  with  holes  to  admit  of  its  falling  on  the  teLggata, 
entire  construction  is  built  over  a  water-tight  tank  which  receives  the  concen 
brine.  According  to  the  way  in  which  the  gradation  is  conducted,  the  operation  1 
ceived different  names: — ].  Surfacegraaati  on,  in  which  the  brine  tncklesdov 
side  of  the  gradation  house  which  is  most  exposed  to  the  prevailing  wind.  2.  Cn 
gradation,  in  which  the  brine  drops  down  both  outer  sides,  as  well  as  both  inne 
of  the  gradation  house.  3.  Combined  cubicand  trilateral  gradation.  This] 
gradation  is  the  most  effectual.  Two  gradation  walls  are  placed  side  by  side  at  a 
distance  apart  The  brine  trickles  down  both  the  sides  and  the  interior  of  tha' 
which  is  exposed  to  the  prevailing  wind,  as  well  as  over  the  exterior  of  the  othe 
which  is  placed  near  it  The  brine,  after  having  passed  over  the  sides  of  the  gra 
house,  is  again  pumped  up  into  the  dropping  tank  above,  until  it  has  attained  Uie 
sary  concentration.  It  is,  however,  not  customary  to  allow  the  brine  to  drop  a  f 
time  over  the  same  part  of  the  gradation  house,  which  is  divided  into  1st  grad 
2nd  gradation,  3rd  gradation,  etc ;  the  first  gradation  receiving  the  fresh  brin> 
second  gradation  brine  which  has  undeigone  one  concentration,  and  the  third  { 
tion  receiving  brine  which  has  been  twice  concentrated,  etc.  The  brine  is  pump 
either  by  the  aid  of  steam,  water,  or  wind. 

Figs.  135  and  186  represent  tiie  gradation  house  at  the  salt  works  of  Biizrez 
CO  are  the  inner  walls  of  thorn  faggots,  dd  are  the  outer  walls,  both  being  18  i 
thick.  At  the  top  of  the  thorn  walls  are  the  brine  spouts  (oo\  with  the  droi 
spouts  ipp)  for  distributing  the  brine  over  the  walls  by  the  spigots  (a  «),  as  shov 
a  larger  scale  by  fig.  137.  The  brine  cistern  {bb)  over  which  the  walls  are  ha 
supported  upon  brick  walls  (a  a). 

The  gradation  process  not  only  servos  the  purpose  of  concentration,  but  also 
of  purifying  the  brine,  as  some  of  the  foreign  salts  are  deposited  on  the  fiiggota 
first  gradation  generally  seems  to  separate  calcium  carbonate,  owing  to  the  esca| 
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! 

1 

— 

DUironbcrg 

1 

n.  o«d. 

IILGr^ 

I.  Gnu.. 

n.o»^ 

<  ^f<iiia>  ralphato  . 

<  UtQuiggm  Hlphsto 

S3-16S 
3'640 

2-0S7 
2286 

0'9CH 
17« 

21041 
0400/ 

2-m 

i'4e2 

96-322 

1-669 
0-087 
0-766 
0276 

009* 
0-300 

0-924 

e6'138 
1-360 

0-346 
0-602 
0-204 

0-077 
0-324 

0-612 

97-444 
0-155 
0-197 
0-686 
0126 
0-666 
0136 
0100 

0113 

98-748 
0-438 

0-398 
0081 

0-219 

I«>  th»  comae  of  a  fov  jwn  the  deposit  tweotaet  w  thick,  thM  thn  fnggote  requits 
"■Bj^ag,  aod  th«  old  OQM  an  aometimee  us«d  ae  mnnure. 

The  gndstjon  of  the  brine  cauies  aconiiderable loss  of  wU-tiirbichie  carried  awrt 
■Tltewnd. 

"^^  oonnintiatod  brine  vhieh  is  left  in  pita  or  basioB  to  settle,  fields  a  ftirtlier 
P'^rtits  Qwistiiig  ebieflj  of  caklum  earbomito  and  salpbate. 
^^u*cimeantratioD  of  gTadiuti>l  brice  varies  at  diffvrent  works,  aod  the  amount  of 
^'nttunlly  between  17  and  26  per  ceat.,  ■ometimea  as  high  as  27  per  cent. 
.  (k  ompMitiDD  of  tbe  brine  used  for  boiling  down  at  the  3chon«beck  bulinefl  is 
P*<*  ia  Ibe  following  table : 


Mn^i«id. 

SWs.lSS:'*'  :    :    :    : 

"VwrneUiride     .        .        .         . 

ia»d 

n  o«d  '  nr  or-ui 

lVOr»l 

16-48 
0-23 

0-40 
0-1 1 
0-14 

1009          23-64 
0-28           0-36 
0-46           0-38 
0-23           0-23 
Olfi             013 

25-10 
0-66 
0-17 
0-61 
0-63 
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There  are  also  other  methods  of  gradation,  as  already  mentioned,  bnt  thej  m 
little  snited  for  working  brine. 

Gradation  by  Freezing. — This  method  is  practised  on  the  coast  of  the  sea  of  OkotsI 
and  at  Irkutsk  in  Siberia.  The  water  is  allowed  to  freeze,  and  the  ice  remored,  a 
Htrong  solution  of  salt  remaining. 

Solar  Gradation. — This  method  is  chiefly  used  for  concentrating  sea  wiiter,  seldoo, 
however,  for  preparing  salt  from  brine.  The  water  is  allowed  to  evaporate  in  the  sna 
in  shallow  basins. 

Table  Gradation  consists  in  causing  the  brine  to  flow  slowly  down  a  number  of 
st«ps  formed  of  shallow  boxes.  lioof  gradation  is  a  similar  process,  the  brine  being 
made  to  flow  over  inclined  surfaces  like  the  roof  of  a  house.  liope  gradation  connsti 
in  passing  the  brine  over  vertical  ropes,  upon  which  it  forms  a  crystalline  deposit  tlist 
is  scraped  off  when  sufficiently  thick. 

Boiling  down, — This  process  is  carried  out  either  in  hemispherical  or  flat  puuL 
Those  usually  employed  are  formed  of  sheet-iron  plates  riveted  together,  and  are  ifi 
shape  round,  hemispherical,  or  square.  The  most  convenient  size  is  between  600  soi 
1000  square  feet  area.  The  pans  are  heated  by  hot  air  made  to  circnUte  beneath 
them  from  a  furnace.    A  suitable  chimney  conducts  the  vapour  into  the  air. 

According  to  the  purity  of  the  brine,  the  boiling  down  is  performed  in  one  or  tfo  . 
operations.  Brine  containing  large  quantities  of  gypsum  or  sodium  sulphate  iaflilt 
of  all  concentrated  in  special  pans  until  these  impurities  separate,  together  with  bob* 
ferric  hydrate,  silica,  and  sodium  chloride  in  the  form  of  mud.  The  heating  is  tb« 
continued  until  a  crust  of  salt  has  formed  on  the  surface,  indicating  that  the  uqnor  > 
saturated.  The  clear  liquor  is  then  drawn  off  into  other  pans  and  evaporated  until  die 
salt  crystallises  out,  the  crystals  being  removed  as  formed  and  placed  on  a  board  neir 
the  pan  to  drain.  Each  time  a  portion  of  crystallised  salt  is  removed,  a  fresh qoantitj 
of  brine  is  let  into  the  pan,  the  operation  being  continued  until  the  mother  liquor  is  too 
impure  to  yield  a  further  crop  of  sufficiently  pure  salt  The  mother  Uquor  is  theo 
either  thrown  away  or  treated  for  other  products. 

Fine-grained  salt  is  obtained  at  a  temperature  of  90°>100^,  coarse-grained  salt  it 
a  temperature  between  60®  and  70®.  The  salt  separated  decreases  in  purity  Mb% 
the  process  of  crystallising.  At  the  beginning  of  the  operation,  salt  is  obtained  eoo- 
tainmg  95  or  96  per  cent,  of  sodium  chloride,  and  towards  the  end  of  the  operation  the 
amount  of  salt  is  only  80  per  cent.  The  quantity  of  salt  separated  in  a  given  time  ii 
greater  in  proportion  to  its  coarseness,  being  for  fine-grained  salt  20  to  25  Ibflit  ^ 
for  coarse-grained  salt  only  25  to  25^  lbs.  per  square  foot  in  twenty-four  hours. 

The  sheet-iron  pans  are  replaced  in  many  districts  by  cast-iron  pans  made  in  M^* 
tions,  the  flanges  of  which  are  fixed  together  by  bolts ;  Uiey  are  more  durable  and  altt 
cheaper  than  sheet-iron  pans. 

Wooden  evaporating  pans  are  but  seldom  used ;  they  are  made  of  fir  planks  andthi 
brine  is  heated  W  means  of  copper  tubes  through  wliich  superheated  steam  is  paaied. 

Another  kina  of  evaporating  pan  is  made  of  brickwork,  and  the  brine  is  evapocat*d 
by  passing  hot  air  from  a  flre  over  its  surface.    It  is  necessary  in  this  case  that  th* 

Ean  should  be  arched  over,  and  this  renders  the  operation  so  difficult  that  these  pW 
ave  not  been  much  employed. 

Dr^ng  of  the  jSIo/^.— The  operation  of  drying  the  salt  is  efiected  either  in  the  opa 
air  or  m  specially  constructed  drying  chambers  that  are  kept  at  a  temperature  of  ^- 
60®,  either  by  means  of  the  hot  air  from  the  evaporating  pans,  or  by  a  separate  heatiag 
arrangement.  The  salt  is  laid  out  in  the  chambers  either  upon  wooden  shelve!  in 
layers  of  8^  to  5  inches  in  depth,  or  in  the  perforated  boxes  or  baskets  in  which  it  Ml 
placed  to  drain. 

Instead  of  drying  chambers,  drying  hearths  or  pans  are  sometimes  used,  the  botlOB 
of  which  is  made  of  limestone  slabs  or  sheet  iron.  They  are  heated  from  beneath  If 
the  hot  air  or  vapour  of  the  boiling  pans. 

Box  Drying. — The  salt  is  spread  out  upon  hurdles  contained  in  wooden  boxea^  hofe 
air  being  passed  into  the  boxes  from  below.  The  air  is  heated  in  tubes  lying  in  ti* 
hearth  of  the  boiling  pans. 

In  some  districts  of  Transylvania  salt  is  dried  over  an  open  fire,  the  salt  being  ioc 
this  purpose  moulded  into  forms  like  sugar  cones. 

In  drying  salt  care  must  be  taken  to  avoid  too  high  a  temperature,  for  if  it  is  too 
high  gypsum  loses  its  water  and  becomes  insoluble,  and,  further,  magnesium  chloride 
is  partly  converted  into  insoluble  magnesia. 

The  composition  of  the  salt  obtained  from  different  salines  may  be  seen  from  Ikl 
following  table : 
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Wimpfcn 

< 

Soh^b. 
HaU 

Hal  to 

Nen 
Salxwerk 

Tflchi 

1  Sodium  ehloiida    . 
Sodium  flolphate   . 
Gildoffl  chlorido  . 
Mignesium  chloride 
C&Jcinm  sulphate  . 
Ma^erinm  sulphate 
3Iagn«8iiim  carbonate 
Water  . 
Organic  matter 

90-45 
005 

0  28 

98-90 
0-005 

0-49 

0005 
0-60 

98*36 

0-28 
1-33 

0-03 

91-35 
1-00 

0-39 
0-57 

6-68 

87-39 
1-25 

206 
0-35 
0*43 

7-91 
0-35 

An  imnore  salt  oontaining  a  conBiderable  amount  of  gypsum  (1-4^  pei^  cent.)  and 
organie  sobstance  is  UBod  for  cattle. 

In  some  countries  where  salt  is  an  article  upon  which  an  excise  duty  is  leTied»  in 

ari«r  that  it  may  be  employed  duty  free  for  certain  industrial  purposes,  common  salt 

II  oft«n  mixed  with  substances  which  render  it  unfit  for  culinary  use,  such  as  gypsum, 

QUaWi8alt»  green  vitriol,  charcoal, ashes,  etc,  and  it  is  then  termed  denaturalised 

mIU    The  Bubetancee  added  are  selected  according  to  the  ultimate  use  of  the  salt — 

to  etttle,  for  manure,  or  for  industrial  purposes. 

Tbe  pan  scale  which  adheres  to  the  vessels  in  which  salt  is  boiled  down  is  espe- 
cially lidi  in  gypsum,  but  it  also  cont^iins  considerable  quantities  of  common  salt. 
^  pan  aoale  of  the  Halle  salines  has  the  following  percentage  composition : 

Sodium  chloride 20028 

Fotasriiim  chloride 1*310 

Galdum  chloride 2-431 

Magnesium  chloride 0-243 

Galavm  sulphate 62*981 

Galciiim  carbonate 1*265 

l^gneainm  carbonate 1*905 

Fflirie  oxide  and  alumina 0*304 

Silica 0-533 

Ptn  seale  from  other  salines  has  been  found  to  contain,  besides  the  aboye  ingre- 
^ti,  sulphates  of  sodium,  notassium,  and  magnesium. 

Bu  soale  is  either  treated  for  common  salt  or  used  as  manurei  or  in  the  manu- 
^etsfe  of  green  ^ass. 

The  mother  uquor  of  brine  from  which  the  sodium  chloride  has  been  extracted 
^^^^eonsidsrably  in  composition,  and  is  treated  accordingly  for  various  products,  the 
2^  eooskitoflnts  being  extracted  by  fractional  crystallisation.  When  the  mother 
•i^eootainB  boromine  or  iodine,  it  is  often  dried  and  used  as  bathing  salt. 

Suff  PBOM  Sea  Wathb. — ^The  essential  constituents  of  sea  water  do  not  differ  in 
J^pait  of  the  world,  and  the  difference  in  quantity  is  veiy  small,  as  may  be  seen 
^  the  following  table : 


German 
Ocean 

Atlantic 
Ocean 

Padflo 
Ocean 

Mediterra- 
nean Sea 

Red  Sea 

Sodiam  chloride 
^Dtaanm  chloride    . 
Soditm  bromide 

2*5513 
0-0378 

2-7658 
0  0326 

2*5877 
00401 

2-9424 
0-0505 
0*0556 

3-030 
0-288 
0-064 

Bolaiiim  sulphate  . 

01520 

01715 

01359 

— 

0-295 

Oildom  solphate 

0*1622 

0*2046 

01622 

0-1357 

0179 

■iffiasiiim  sulphate . 

0*0706 

0-0614 

0*1104 

0*2477 

0-274 

^hgaasiam  chloride  . 
^Wnaeaibonateand  ferric  oxide 

0*4641 

0-3260 

0-4345 

0-3219 
0-0117 

0-404 

.    Tile  mekiiod  of  obtaining  common  salt  ttom  sea  water  varies  according  to  the 
Tne  most  important  and  also  the  most  genenl  method  which  is  adopted  in  the 


^^  of  nmnee,  Spain,  Portugal,  Southern  Italy,  Sicily,  Istria,  and  Dalmatia,  etc.,  con- 
lljita ia  eraponting  the  tea  water  in  a  series  of  pits  or  basins  called  a  salt  garden. 
^  aea  water  is  pnsiwd  first  of  all  into  basins  of  large  capacity,  and  somewhat  deep, 
^^it  is  allowed  to  stand  some  time  so  as  to  deposit  mechanical  impurities.    The 

R 
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dear  water  is  then  drawn  off  into  a  aystMn  of  baains,  each  tnooeanTe  baain  Imo 
ahallower  and  smaller  than  the  one  before  it.  The  basins  are  exoarated  in  the  gvou 
and  are  separated  from  each  other  by  thin  cUy  walls.  The  sea  water,  after  uah 
passed  through  the  first  set  of  basins,  has  a  specific  gravity  of  1*152,  and  the  vat 
m  the  last  of  the  smaller  basins  has  a  gra>'it7  of  1*197.  The  following  table  giTWtl 
amount  and  nature  of  the  foreign  substances  precipitated  frt>m  sea  water  dvriiig  il 
concentration  in  the  basins  from  sp.  gr.  1*034  to  1'197»  at  the  different  dflgnei  c 
concentration : — 


10,000  parts  of  sea  water  deposit  at  f  Ferric  hydrate 
a  specific  grarity  of  1*049  of  \  Caldum  carb. . 

Calcium    carbonate, 
1122  of' 


0-031  parts. 
0-672    „ 


n 
n 


$f 


>» 
It 
»t 
»» 


fi 


it 
ft 


0*630 
6-600 
6*600 
1-800 
1*600 


tt 
If 
If 
»f 
II 


with  a  little  mag- 
L  nesium  carbonate   . 
1*122  of  gypsum      . 
1166 
1*169 
1*197 

The  liquor  baring  attained  a  specific  gravity  of  1*19,  is  passed  into  still 
and  shallower  basins,  and  in  propcnrtion  as  the  sodium  chloride  deposits,  it  isntbdstf 
from  time  to  time  and  laid  in  small  heaps  to  drain ;  when  dry,  it  is  packed  in  aeb 
for  the  market 

Usiglio  gives  the  following  table  for  the  deposition  of  sodium  chloride  aad  oAi 
salts  frt>m  sea  water  at  different  degrees  of  concentration  between  sp.  gr.  M97  ii' 
1*245. 


Rpeciflo 
gravity 

10,000  puts 

of  water 

originally 

taken  are 

xeduoedto 

There  in  separated  oat 

Oypsmn 

Bodiom 
chloride 

Magnodiim      MagnwJnm   i     Sodiaa 
golphate          ^knide         temldi 

1*208 
1*216 
1*247 
1-271 

parts 

960 

640 

802 

280 

parts 
0*608 
1*476 
0144 

parts 
32*614 
06*600 
26-240 
22-720 

parts              parts 
0*040             0*078 
0*130       ,      0-866 
0174       1      0*160 
0*264       1        — 

P«ti 

0-S68 
0-611 

Treatment  of  the  Mother  Liquor, — The  mother  liquor  of  sea  water,  after  ths  M 
part  of  the  sodium  chloride  has  been  removed,  is  in  some  places  thrown  into  thi  M 
while  in  other  districts  it  is  treated  for  various  by-products. 

In  the  South  of  France  the  mother  liquor,  having  a  specific  gravity  of  l*S67i  M  flM* 
centrated  to  sp.  gr.  1*299,  so  as  to  deposit  in  one  or  two  crystallisatioiii  inipMi* 
sulphate  and  common  salt  in  nearly  equal  parts.  This  mixture  is  dissolved  in  ii  HHk 
water  as  possible,  and  the  liquor  paraed  alternately  into  day  and  nij^t 
During  the  day  sodium  chloride  crystallises  out,  and  during  the  nig^t 


sulphate,  together  with  a  double  salt  of  potassium  and  magnesium  salphafee  coitwiV 
6  molecules  of  water.  The  mother  liquor  that  has  been  d»wn  off  from  the  dspofltii 
sodium  chloride  and  magnesium  sulphate  is  then  run  into  other  vessels ;  when  sn^ 
rated  further  it  yields  crystals  of  artificial  camallite  (KClMgCl,  +  6H,0),  whidi  0 
then  treated  for  potassium  chloride  by  dissolving  them  in  water  and  crystallisifl^ 

Porosity  of  the  soil  and  change  of  weather  are  very  unfavourable  to  tiie  tnatwit 
of  mother  liquor  by  the  above  process ;  for  when  bv  concentration  of  the  mother  lifVtft 
has  attained  a  specific  gravity  of  1  '299,  very  slignt  alteration  in  the  amount  cf  wlB 
or  in  the  tempozsture  during  the  night  gives  rise  to  the  formation  of  r&tf  ^flM 
products. 

Fay  en  recommends  treating  the  mother  liquor  according  to  the  metliod  intwdufldlj 
Merle  in  the  salines  of  the  island  of  Camarguo  and  of  Alais,  by  which  the  mother  li^Mt 
concentrated  onlv  to  1  968  specific  gravity,  is  cooled  by  Carre's  apparatus  and  tnslii 
for  different  products,  as  follows — 

Separation  of  Sodium  Sulphate. — Tlie  liquor  is  conducted  from  the  reBerroixtlq 
subterranean  tubes  in  any  required  quantity  into  vessels  fitted  with  the  ammonia  tihl 
of  Carry's  f^reezing  apparatus,  water  being  added  in  quantity  sufficient  to  pzereBt  ttl 
crystallisation  of  Hodium  chloride  with  the  sodium  sulphate.  The  liquor  is  eooiedlB 
passing  it  through  tubes  lying  in  a  liquor  cooled  to  - 18°  in  a  previous  oiH)ration,aottl 
It  comes  into  the  freezing  vessel  cooled  to  a  tcmpcniture  of  —  10°,  and  it  is  then  f\uthl 
cooled  by  the  tubes  of  Ciirre'f  machine  to  a  temperature  of  — 18°. 
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Th«  efiSset  of  this  cooling  is  that  about  85  per  cent,  of  the  sodium  sulphate  present 
s^p^ntas  in  the  crystalline  condition,  and  is  remoTed  with  cullenders  attached  to  an 
endless  chain,  the  adherent  water  being  separated  in  a  centrifugal  machine.  The  sodium 
volphate  is  Unallj  cakined,  the  salt  being  generally  used  in  this  state. 

Separation  of  the  Sesidual  Sodium  Chloride. — The  mother  liquor  obtained  in  the 
last  operation  is  saturated  with  sodium  chloride  by  filtration  through  raw  sea  salt,  and 
it  is  tnen  boiled  down  for  common  salt  in  the  usual  way.  The  product  thus  obtaiued« 
»ftot  being  washed  with  a  solution  of  sodium  chloride  to  remove  the  magnesium 
ehloride,  is  yery  pore. 

Preparation  of  "Potauium  Chloride. — The  mother  liquor  of  the  last  operation,  from 
vhiehthe  sodiTun  chloride  has  been  extracted,  having  a  specific  gravity  of  1*288,  is 
i^ui  oQt  into  czystalliBiqg  vessels,  and  after  a  short  time  crystals  of  artificial  camallite 
(KClMgCl,  +  6H,0)  are  deposited.  From  these  crystab  magnesium  chloride  is 
^^tzieted,  either  by  the  aid  of  cold  water  alone,  or  by  heating  them  with  a  small 
q^ajitity  of  water,  and  then  cooling  the  solution.  The  product  thus  obtained  contains 
^Q  the  sTerage  90  per  cent  of  potassium  chloride,  the  remainder  consisting  of  water, 
tsiaoei  of  magnetium  chloride,  and  earthy  admixtures. 

Saaration  of  Magnenvm  Chloride. — ^The  mother  liquor,  freed  from  artificial 
^gyilite  and  concentrated  to  sp.  gr.  1*333,  deposits  upon  cooling  almost  pure  mag- 
"••lui  chloride  in  a  crystalline  condition ;  this  salt  is  used  for  the  preparation  of 
P^oetiog  mixtures,  or  of  pure  hydrochloric  acid,  as  well  as  for  the  prevention  of  dust 
^  atneti  sprinkled  with  it  The  property  of  preventing  dust  is  due  to  its  hygro- 
*^iae  nature. 

h^paratioH  of  Bromine, — The  preparation  of  bromine  from  the  final  residues  of 
^^  iDother  liquor  of  sea  water  has  been  already  treated  of  on  page  177. 

Onunon  nit  obtained  from  sea  water  varies  in  composition,  as  may  be  seen  from 
^  feOowing  analyses : 


So£iim  chloride 
Sodium  sulphate 
MigMtiam  chloride 
Oikiim  sulphate 
Xagnesiam  sulphate 
IiMhble  matter 
W*t« 


Charente 
Infdrioore 

Langaedoo 

Trapani, 
Sidly 

St.  Ubefi, 
Portugal 

•                  •                   •                  • 

96-42 

9511 

9635 

9519 

— 

— 

0-61 

-^ 

0-20 

0-23 

0-60 

— .. 

1*95 

0-91 

0-45 

0-56 

0-43 

1-30 

1-69 

100 

0-10 

007 

— 

— 

2-36 

212 

2-45 

Of  the  diflerent  kinds  of  salt  obtained  from  sea  water,  that  made  in  Portugal  has 
^W  repute ;  the  salt  of  St.  Ubes,  especially,  is  verv  much  sought  after  for  pickling 
^Mt,  flih,  and  the  like.  It  was  formerly  supposed  that  this  salt  owed  its  cnaracter 
^t^Iuge  amoont  of  magnesium  sulphate ;  but  Payen  considers  that  its  physical  con- 
"■tflMy,  its  white  colour,  and  compactness  are  the  cause  of  this  salt  being  so  much 
^^  He  remarks  further  that  sea  salt  produced  in  France  and  England,  when 
P^fvly  prepared,  is  just  as  good  as  that  obtained  from  8t.  Ubes. 

Ins.— Sodium  chloride  being  a  necessary  ingredient  of  human  and  animal  food, 
Uoos  of  its  most  important  applications  as  a  condiment,  to  mix  with  the  food  of  man 
^  of  cattle.  It  is  alM  esed  for  several  agricultural  purposes.  Large  quantities 
^iiU  are  used  in  the  preparation  of  soda  by  Leblanc*s  process,  also  in  the  prepara- 
^  of  hjfdxoehloric  acid,  chlorine,  sal  ammoniac,  corrosive  sublimate,  aluminum, 
*^iiB,  etc  Salt  is  farther  used  in  the  glaring  of  the  coarser  kinds  of  potteiy  and 
tiitlMiwaie,  in  tanning,  in  soap  works,  etc.;  as  a  preservative  for  wood,  meat,  fish, 
^*U«,  ete. ;  it  is  also  employed  to  some  considerable  extent  in  the  laboratory  for  pro- 
fv^l  fi^tBDg  mixtures,  etc. 


Bodiim  eombines  with  sulphur  in  several  proportions,  forming  compounds  repre- 
iiM  bj  the  Ibrmiilm  Na^,  Na^,,  Na^,  Na!^^  and  Na^^.  The  latter  subsUnec;  is 
Mably  a  constituent  of  ultramarine,  and  the  monosulphide  has  been  lately  intro- 
veid  into  use  in  the  preparation  of  hides  for  tanning. 
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of  Psralnu  origin,  nnd  i 

iu  tha  siitb  cenlvrj  by  Laontinu 

from  his  time  it  becnrao  yecy  &« 

pigment  from  lapis  lazuli  dntes  : 

FMeited  the  name  of  altninariQe 

than 


^  lue,  iimlUli 
1  it  i»  oertntTi  that  the  mpr^sioQ  '  liuur'  whimI 
.  n  Grcvk  aothor,  as  designnuag  a  blue  pigiiunt,Hl 
ucni.  TliB  first  mention  of  the  propaiaOon  of  i  to 
nim  the  eterenth  century  ;  and  ala  later  jeatH 
irbaa  the  onl;  aource  of  the  matctial  mi  'bqnl 

The  first  imitationa  of  nltiamarine  rooaiBted  in  preparing  blae  glass  flnu*;  1m^ 
pTsr,  this  prodact  was  far  from  being  of  sofficientlj  pnte  ordeep  eoloor.    Fori  '~" 
time  it  was  generally  sapposed  that  the  blue  colonr  of  ultramarine  ms  due  In  oc 
but  this  sappositioD  vas,  however,  disprorod  by  Harggmff. 

The  art  nf  preparing  true  arlJEi:iiU  oltmmarin''  dales  from  the  beginning  rfft» 
present  centniy,  as  a  result  of  the  resenrdiee  of  Omeliti  in  Oermanj  and  Owmlil 
France.  The  priority  of  the  discovery  ie  cbitmod  by  both  chomiatn.  It  hat,  hattn 
been  aacertainpd  that  Gmolin  in  1837  informed  Ghiy-Lussac  of  hia  discoTory,  audi* 
induced  bj  him  lo  keep  thi'  discovery  a  secret.  In  1938  Uav-Luasac  gare  an  Mint 
before  the  French  Academy  of  Oaimet'a  diBcovety  of  artificial  ultramarine  bit  bff 
secret  his  knowledge  of  Omelin's  pn>TiouB  researches. 

OaoarrBnati. — Ultramarine  occurs  natotally  in  lapis  laiuli,  ■  minanl  bli 
in  diflerent  parts  of  China,  Thibet,  Siberia,  etc,  ;  and  it  iras  this  mineral,  isdaMdIf 
mechanicul  means  to  a  veiy  fine  powder,  which  was  formerly  bronglit  Into  (lis  wtAt 
aa  Qltramarine. 

Compoiltlitn. — The  composition  of  nataral  ulti«marine  may  be  seenhn  111 
following  amJyaij!  by  Vnrrtiitnip 


Silica 
Sulphur 


.  45'5d 


Ferric  oxide Ml 


Lapis  lazuli  is  s  verj  rare  mineral,  and  for  this  re<iBon  the  native  nltomritt 
fcinnerly  prepared,  at  a  time  when  the  secret  of  prepariog  artificial  idtrsmsriH  !<■ 
unknown,  wbb  a  very  costly  iirtiole. 

Under  the  head  of  artificinL  altnuuarioe  are  distingniahed  two  I _ 

and  blue  uJtramurine.     The  former  admits  of  being  convened  into  the  latter.  ■«  i* 
indeed  usually  nothing  more  than  an  intermediate  productobtained  in  tliaj 


btne  oltramarine:  1.  MeiHsner  ultramarine  (analysed  by  R.  Wiener).  IL  Km 
nltnmarine  (aoalysed  by  EUner).    IIL  The  same  (0«ntele).    IT.  and  V.  Bl»ll 
monuD  (amvlyaed  by  Breuolein).    VI.  Ultramariae  analysed  by  Wilkens. 


Silica. 

I. 
44-70 

,. 

m. 

IV. 

V. 

nH 

39'fl 

3B'91 

■049  H 

26-62 

30-I) 

29' 17 

2419 

SS'05 

Perm  oxide 

fl-63 

0-9 

1-01 

0-50 

0'91 

Sod«  .        .        .        . 

216S 

2o'5 

21 -25 

16-28 

17-20 

Sodium       .        .        . 

3'17 

J.  Sulphur-        .        . 

f   7-24 

\    6-90 

a'2a 

2-22 

jtt«9 

0-03 

1-81 

1-99 

0-17 

0-60 

0-82 

1-02 

Clay  .        .        .        . 

— 

— 

— 

1-4B 

2-81 

-  1 

Green  nltramarine  has 

acomposi 

ionassho 

wnintho 

oUowing 

tialysMot 

J  M 

<I.)  and  Gontele  (U.) : 

^^1 

enltmnulnewithnilphiiricKMiepantsiaiitMa^pla 
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SDici 

I. 

II. 

38-30 

37-82 

Alnmit 

27-38 

29-39 

FflRM  oxide 

0-63 

1-40 

Soda 

16*93 

26-31 

Sodhm 

5-29 

— 

cSdplmr 

3-68 

300 

(.Snlphnr 

3*49 

3-64 

Mplnrie  add 

0-52 

0-59 

line 

0-83 

1-13 

'^ 

1-70 

— — 

Ab  to  the  mode  in  which  the  different  substances  of  which  ultramarine  is  compoeed 
an  floabiped,  or  the  chemical  constitution  of  this  substance,  the  most  diverse  yiews 
an  lidd,  ind  it  is  a  matter  of  great  difficulty  to  deduce  from  known  facts  any  satis- 
lietatj  npreaentation  on  this  point. 

Btnnwii  and  Bockmann  consider  blue  ultramarine  as  consisting  of  silicates  of 
ndiim  tad  ahiminmn  with  sodium  pentasulphide. 

Stab  eoniiders  ultramarine  as  a  meclianical  mixture  consisting  essentially  of  alu- 
ttBiB  milphide  and  sodium  silicate,  the  latter  substance  enveloping  the  particles  of 
abaiinm  ralnhide  and  protectine  it  from  the  action  of  atmospheric  air. 

Hie  Mme  cnemist  holds  that  the  blue  colour  of  ultramarine  is  not  peculiar  to  the 
nbiUiiee,  but  due  to  the  optical  relations  of  the  ingredients  it  consists  of.  He  con- 
■dan  thst  in  the  same  way  as  an  intimate  mixture  of  various  black  substances  with 
an  opiqne  white  matrix  (such  as  finely  divided  lamp  black  and  milk,  or  black  paper 
Udiid  ft  sheet  of  opalescent  white  glass)  gives  rise  to  a  blue  colour,  so  the  blue  colour 
tf  altamirine  is  due  to  the  molecular  dispersion  of  black  aluminum  sulphide  through- 
Oit  a  white  matrix,  the  latter  consisting  essentially  of  sodium  silicate  mixed  with 
■mD  quatitieB  of  sodium  sulphate  and  sodium  sulphite,  together  with  some  unde- 
ttttpoaed  day  and  calcium  salts. 

ilttt  ultramarine  does  not  contain  sodium  hyposulphite  was  proved  by  Stein,  by 
^itt  ultramarine  blue  with  copper  sulphate.    Copper  sulphide  was  produced,  but  * 
BO  n^Qious  acid,  which  must  have  been  a  product  of  the  reaction  if  the  ultra- 
■arioe  had  contained  sodium  hyposulphite. 

Tha  absence  of  polysulpbidos  is  also  proved  by  the  fact  that  the  copper  sulphide 
pKiliitated  upon  boiling  ultramarine  with  copper  sulphate  contains  no  sulphur  ex- 
^ttctaUe  by  carbon  bisulphide,  while  we  know  that  when  copper  sulphate  is  made  to 
^vpon  a  polysulphide,  the  precipitate  thus  formed  does  contain  sulphur  extractable 
^  carbon  bisulphide. 

The  alxwnoe  of  sodium  monosnlphide  has  also  been  inferred  by  Stein,  because 
*^  aodinm  monosnlphide  is  fused  together  with  sodium  silicate  a  yellow  colour  is 
fo^nesd,  which  is  not  the  case  with  ultramarine. 


—Ultramarine  when  quite  pure  is  a  most  beautiful  impalpable  blue 
P^^*^  inaiduble  in  water.  It  is  easily  decomposed  and  bleached  by  weak  acids,  the 
jj^poaition  being  accompanied  by  an  evolution  of  sulphuretted  hydrogen.  Salts 
"^^ag  aa  acid  reaction  such  as  alum,  etc.  behave  like  acidis  with  ultramarine. 

Oieen  ultramarine  likewise  occurs  in  the  market  as  a  fine  powder.  It  is  a  pigment 
^ttttpaiatiTely  little  importance,  the  colour  not  being  equal  to  that  of  copper  salt«. 

The  chief  object  in  testing  ultramarine  is  to  ascertain  its  colouring  power,  i.e.  the 
^^vttity  requisite  to  produce  a  ^iven  shade.  By  comparison  of  the  relative  quantities 
^j^^mol  samples  of  ultramanne  required  to  produce  a  shade  of  a  definite  intensity, 
l^ii  found  that  the  amount  required  differs  according  to  the  quality  of  ultramarine. 
Of  eoune  the  lees  the  quantity  of  ultramarine  required,  the  greater  is  its  colouring 
P'^'at  and  relative  value. 

^»ramiC$  method, — Of  two  sorts  of  ultramarine  to  be  compared  with  one  another, 
Miaall  quantity  of  each  (0-5  - 1  gram)  is  accurately  weighed  in  watch  glasses. 
*5  P^'itelain  mortars  arc  then  separately  charged  with  20  grams  of  precipitated 
^i*>iain  folphate,  and  into  one  of  them  is  thrown  a  portion  uf  the  ultramarine  fh)m 
^  of  the  watch  glasses,  thf  whole  being  rubbed  together  to  a  homogeneous  mass.  A 
JP'^ii  of  the  ultramarine  in  the  other  watch  glass  is  then  added  to  the  barium  sul- 
^*^  in  the  second  mortar,  and  rubbed  with  it  until  the  whole  mass  has  assumed  a 
"^  eqoal  in  intensity  to  that  in  the  first  mortar.  Upon  re-weighing  the  residual 
P^'^i^ioa  of  ultramarine  in  the  watch  glasses,  the  relative  quantity  of  ultramarine  re- 
Suited  to  bring  about  the  same  intensity  of  colour  is  easily  ascertained. 
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BemheinCs  test. — This  test  consists  cscientiallj  in  ascertaining  the  qnantitj  of  dilntt 
sulphuric  acid  of  known  strength  n^qnired  for  decomposing  and  decolorisini^  a  definite 
quantity  of  tlie  ultramarine  to  be  tested.  For  this  puipoee  30  grams  of  sulidiiine 
acid  are  diluted  with  300  grams  of  water ;  two  equal  portions  of  the  sample  of.vka- 
marine  (^~f  grams)  are  then  brought  separately  into  two  glass  flasks,  and  tne  solpiwne 
acid  dropped  in,  the  flask  l>eing  !%aken  meanwhile  until  every  trace  of  bfna  hasdif- 
uppeared.  The  quantity  of  acid  required  to  bring  about  the  docolorisatioo  of  tki 
ultr:iraarine  is  in  direct  proportion  to  its  colouring  power,  and  the  greater  the  qMility 
of  acid  reqiured  to  bleach  the  ultramarine,  the  stronger  is  the  colouring  powtfof  the 
ultramarine. 

Ultramarine  of  good  quality  should  be  in  the  state  of  an  impalpable  powder  tkit 
will  mix  with  water  to  a  flne  mud,  and  upon  stirring  up  with  water  must  remais  fa 
some  time  suspended  in  that  liquid.  The  dry  powder,  spread  upon  a  sheet  of  pipv 
with  the  finger,  should  give  a  continuous  streak  with  even  surface. 

The  value  of  ultramarine  is  also  much  infhieiiced  by  the  anumnt  of  fisdng  miUBil 
necessary  for  causing  it  to  adhere  properly  to  paper ;  for  since  ultramarine  loMi  ii 
beauty  of  colour  when  a  large  proportion  of  fixing  material  is  used,  it  it  of  vAaM^ 
grciitor  value  when  it  requires  least  fixing  material. 

Another  important  requisite  of  ultramarine  is  that  it  shoukl  b9  'alum  pioaf ;'  fa 
8inoo  alum  is  often  used  in  blueing  paper,  the  greater  or  less  capability  of  oltnuiiiiiM 
to  resist  the  action  of  alum  is  of  importance.  Ultramarine  may  be  rmdend  *alni 
proof '  by  using  a  good  deal  of  silicic  acid  in  its  preparation. 

Preparatton. — It  is  a  matter  of  the  utmost  importance  in  preparing  ultiUBsriw 
that  all  the  materials  used  should  be  as  pure  as  possible ;  uiese  comrist  of  cbji 
Glauber's  salt  or  soda,  sulphur,  and  carbon. 

Clay. — The  best  kind  of  clay  for  making  ultramarine  is  kaolin  or  porcelain  MitL 
If  it  contains  sand,  this  must  be  removed  bv  a  process  of  elutriation.  In  order  to 
render  the  clay  sufficiently  friable,  it  is  first  heated  to  redness  and  then  reduced  to  s 
very  fine  powder  by  grinding.  The  powder  is  then  passed  through  sieves  so  as  to 
render  it  as  impalpable  as  possible.  Clay  containing  more  than  1  per  cent  of  farie 
oxide,  and  largo  quantities  of  lime  and  magnesia,  is  not  suitable  for  use  in  the  pnpi* 
ration  of  ultramarine. 

Sodium  sulphate. — This  substance  is  used  in  the  calcined  state,  and  is  met  vith 
in  commerce  sufficiently  pure  for  the  purpose.  The  chief  points  to  be  looked  to,  in 
that  it  docs  not  contain  either  free  acid,  sodium  chloride,  ferric  oxide,  or  lead  sulphite 
The  calcined  Glauber's  siilb  is  first  pressed  between  rollers  and  afterwards  paM*^ 
through  sieves,  to  bring  it  to  a  sufficiently  fine  state  of  division. 

Soda, — Soda  is  often  used  instead  of  Glauber's  salt,  and  the  same  degree  of  piB^ 
is  required  as  in  the  case  of  the  sulphate.  It  is  also  used  in  the  calcined  itatSb  ^ 
in  the  form  of  a  very  fine  powder. 

Sulphur. — Roll  sulphur  is  employed,  which  has  been  previously  ground  and  paNtd 
through  fine  sieves. 

Carbon, — Carbon  is  generally  used  in  the  form  of  soft  wood  charcoal ;  eoal  ft* 
fn)m  ash  being  sometimes,  but  comparatively  seldom,  employed.  The  charcoal  ii  n* 
duc^sd  to  the  desired  state  of  division  by  passing  it  between  rollers  and  then  griidiig 
the  powdered  charcoal  with  water  to  a  fine  paste  between  millstones.  The  fine  part* 
or  mud  is  then  dried  and  passed  through  sieves.  In  some  manufactories  colopbonivB 
and  other  resinous  substances  are  employed. 

The  following  recipes  are  given  by  Wagner  as  the  normal  relative  propoitioni  of 
the  ingredients  used  in  preparing  ultramarine : 


Porcelain  clay  (anhydrous) 
Calcined  Glauber's  salt 
Calcined  soda 
Charcoal 
Sulphur 


I. 

100 
83-100 

17 


XL 


100 
41 
41 
17 
13 


But  generally  there  is  considerable  diversity  in  the  relative  proportions  of  ingre- 
(li(  nts  taken  by  different  manufiicturers.  When  ultramarine  of  a  dark  blue  o(doiir  is 
(icsiroii,  sodium  sulphate  is  alone  employed ;  soda  yields  ultramarine  of  a  lighter  and 
finer  colour  with  more  body :  100  parts  of  soda  replacing  about  80  of  Glaubw^s  aalt 

Very  frequently  sodium  sulphide,  a  by-product  obtained  in  the  manufactnro^  U 
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piitlj  inbstituied  for  soda  or  Glauber's  salt  in  making  ultramarinei  the  proportion 
being  60  parts  sodium  sulphide  for  100  parts  sodium  sulphate. 

Not  onlj  is  it  necessary  that  the  materials  used  in  preparing  ultramarine  should 
be  pan,  bat  thej  must  likewise  be  employed  in  a  very  fine  state  of  division,  and  very 
intiBatelT  mixed  together.  The  mixing  is  often  earned  out  in  drums  similar  to  those 
MBplfljed  in  the  manufacture  of  gunpowder. 

After  the  iaspredients  have  b^n  thoroughly  mixed  in  the  proper  proportions,  the 
Bixtaie  is  snbmitted  to  the  following  operations,  and  the  character  of  the  pvodnct 
depeodfl  tery  much  upon  the  manner  in  which  they  are  conducted. 

Butmg  tkt  imgredimU, — The  ingredients  are  generally  heated  in  fire-clay  crucibles 
13  or  18  inehes  dleep  and  about  6  inches  wide.  The  composition,  in  a  state  of  fine 
diTiiioD  and  intimately  mixed,  is  firmly  rammed  into  the  crucible,  which  is  then 
fiOfeied  with  a  lid  and  placed  in  the  furnace.  l!he  furnaces  are  mostly  muffle-shaped, 
iod  la  often  so  built  that  the  hot  air  from  the  furnace  first  passes  under  the  sole  of 
the  imiBs  and  then  through  it  The  crucibles  are  heated  to  bright  redness  or  in- 
cipieot  itite  heat,  and  this  temperature  is  kept  up  for  half  a  day.  When  they  have 
been  bested  sufficiently,  the  crucibles  are  allowed  to  cool  down  in  the  furnace,  and  are 
^  MDQved.  It  is  esuential  to  the  success  of  the  operation  to  prevent  the  access  of 
•oyUige  quantities  of  atmospheric  air  during  the  heating  process. 

The  contents  of  the  crucibles  are  then  br(£en  up  into  small  pieces,  lixiviated  with 
^>ter,  ud  eventually  submitted  to  a  process  of  elutriation.  In  this  stage  the  material 
nil  the  etate  of  ultramarine  green,  and  is  either  sent  as  such  into  the  market  or  is 
^Dovvted  into  ultramarine  blue. 

^yBtnkg  of  Ultramarine  Bhie. — The  blue  burning  of  ultramarine  consists  essen- 
^7  of  a  roasting  process,  assisted  or  not,  as  the  case  may  be,  by  the  addition  of 
"^or.  By  this  process  a  part  of  the  sodium  is  extracted,  and  by  the  following  ope- 
''^  of  washing  with  water  it  is  removed  in  the  form  of  sodium  sulphate. 

for  bloe  burning  of  ultramarine  retorts  or  hearth  furnaces  are  employed,  which 
Wi  however,  be  so  constructed  that  the  mass  may  be  stirred  up  without  much  air 
^Bung  into  contact  with  it,  and  that  no  access  of  hot  air  from  the  furnace  is  possible. 
°^mp  as  the  ultramarine  green  in  the  retort  has  attained  a  red  heat,  siUphur  is 
J^'i'vn  in,  the  whole  mass  Iwing  well  stirred  up.  When  the  first  portion  of  sulphur 
"**  JNont  away,  a  second  portion  is  added,  and  the  operation  is  continued  until  a 
P^vtioQ,  OD  being  taken  out,  presents  the  proper  blue  tint 

^utno/tne. — The  next  step  is  the  lixiviation  of  the  calcined  mass  in  order  to 
IJJ'Hn  tiie  substances  render^  soluble,  sodium  sulphate  being  the  principal  one. 
^  Hximted  mass  is  then  ground  between  millstones,  in  what  are  called  wet  mills, 
''d  aftenraids,  by  a  process  of  elutriation,  it  is  separated  into  ultramarine  of  different 
P<Kieee  of  fineness.  After  some  time  has  been  given  for  the  ultramarine  to  settle,  it 
!*  fat  partially  dried  in  clay  boxes  or  linen  saclu,  with  the  aid  of  pressure,  and  then 
It  ii  (sought  into  a  special  drying  room,  and  finally  ground  and  passed  through 


When  soda  alone  is  used  in  the  composition  of  the  ingredients  of  ultramarine, 
Jj^aasses  are  geneially  heated  at  a  time  in  clay  boxes,  or  the  composition  in  form 
^  *  Urge  block  is  laid  direct  upon  the  hearth  of  a  reverberatory  furnace,  the  hot  air 
^  ^  fin  being  made  to  pass  under  the  hearth  of  the  furnace,  before  it  passes  into 
r^  Annaes.  When  the  mass  is  sufficiently  burnt,  the  furnace  is  closed,  and  the  mass 
'*«Uowad  to  cool  down. 

Pniog  the  slow  cooling  a  further  roasting  process  takes  place,  by  which  the  ultra- 
aaiige  is  partly  rendered  blue. 

^0( Ute  the  proportions  of  ingredients  used  in  preparing  ultramarine  when  soda 
'^[itta  ptrt  have  been  selected  in  such  a  manner,  and  the  heating  so  conducted,  that 
^^^lUiarine  is  at  once  produced. 

.  Vita. — Next  to  indigo,  ultramarine  is  undoubtedly  the  moct  generally  used  blue 
f*KBi«Qt  It  is  used  for  pu'nting  lime- washed  walls,  plaster  of  Paris,  cement  and 
l''*^  vork,  ibr  preparing  carpets  and  paper,  in  calico  printing,  etc.  Since  ultramarine 
^  not  in  itsetf  adhesive  for  the  above  purposes,  it  requires  to  be  mixed  with  some  sub- 
'^^  of  an  adhesive  nature ;  such  as  glue,  which  is  used  in  preparing  coloured  paper, 
*^U  for  calico  printing  albumen  is  used. 

Oonriderabla  quantities  of  ultramarine  are  used  for  blueing  such  substances  as 
*^ibit  or  have  a  tendency  to  exhibit  a  brownibh  or  yellowish  colour,  the  real  colour 
^  vhidu  ought,  however,  to  be  white ;  such  are  linen,  starch,  sugar,  paper,  stearine, 
^•*«n,fte. 
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This  nit  WM  formerij  called  todinm  hyposulphite,  mud  is  still  gBOscally  kMS  1 
that  naiDs ;  bnt  it  is  quite  diflEerent  in  composition  and  ehaaeten  fnm  ths  tm  Ijp 
snlphita. 

Cbaracteis* — Sodiom  thiosolphate  forms  lazge  dear  mooodiiue  erjitali^  vUc 
fontain  fire  molecriles  of  water,  Na^SsO,  -i-  SRft  »  248,  and  aremidiao^BaUs  in  ti 
air.  Th«  salt  is  readily  solable  in  water,  and  has  a  bitter  cooling  taste.  Whs  en 
folly  heated,  it  meltB  and  giras  off  its  water  of  ayrtallisation ;  when  man  itaa||^ 
heated,  it  decomposes  into  sodimn  solphide  and  sodinm  sulphate.  The  folabi 
cannot  be  preserred  long  unaltered,  bnt  deposits  snlphnr.  An  aqneoos  solitioa  ( 
Borlinm  thioenlphate  treated  with  a  mineral  aiod  gires  off  thiosalpfaiirie  add,  lAichi 
quickly  decomposed  into  snlphnrous  add  and  sulphur.  The  property  poMnd  Ij 
an  aqueous  solution  of  sodium  thiosulphate  of  diasolTimc  the  iooides  and  ehlfldli 
of  silrer  it  of  use  in  photography ;  the  salt  is  readily  onridisnd  by  iodine  and  fUam 
in  presence  of  water ;  the  hyifaogen  of  the  water  unites  with  these  haloid  eksHStoli 
form  hydrogen  adds,  and  the  liberated  oxygen  eombines  with  the  thiosulphsDe  adi 

yrepmratlMi. — Sodinm  thiosulphate  is  formed  hjf  boilii^  a  sohitioB  of 
sulphite  with  sulphur,  according  to  tke  following  equation : 

Ka^a  +  8     «     NaAO,; 

or  by  the  oxidation  of  sodium  pentasulphide,  with  pndpitatioo  of  solplmr: 

NaA  +  O,     -     8|  +  NaAQ,; 

or  by  boiling  a  solution  of  sodium  hydrate  with  sulphur,  pentasnlpliide  of 
being  formed  at  the  same  time : 

6NaH0   *    128     ^     2NaA  +  3H,0  +  Na^O.; 

and  by  exposing  the  dark  coloured  solution  to  the  air,  the  pentasulphids  is 

aiHl  conrerted  into  thiosulphate,  with  separation  of  sulphur,  according  to  thbj/LvA^ 

equation. 

According  to  liebig's  method,  a  solution  of  sodium  carbonate  is  saturatad  dv 
sulphurous  oxide  gas,  Uie  product  neutralised  with  sodium  carbonate,  and  theioUi* 
of  sodium  Hulphite  id  mixed  with  a  solution  of  sodium  pentasulphids,  pnpand^ 
boiling  caustic  soda  with  sulphur  until  saturated.  The  whole  is  then  filtend,  tai 
the  filtrate  evaporated  to  crystallisation. 

By  Walchner's  method,  a  mixture  of  soda  ash  with  one-third  its  weight  of  ■4'" 
is  gradually  heated  to  the  melting  point  of  sulphur,  while  constantly  stinsd.  tf 
this  way  sodium  sulphide  is  formed,  which,  when  heated  in  the  air,  takes  up  oijp 
and  is  converted  into  sodium  sulphite.  The  mass  upon  cooling  is  lixiTiated,aBd^nii 
the  clear  solution  is  boiled  with  sulphur,  the  sodium  sulphite  takes  up  an  addikiov 
atomic  proportion  of  sulphur  and  is  converted  into  sodium  thiosulphate. 

By  exposing  the  waste  of  the  soda  manuAicture  containing  ealdum  uxfid|W* 
to  the  action  of  tiie  atmosphere  in  a  moist  state,  the  ealdum  sulphide  tf  "* 
verted  into  ealdum  thiosulphate.  The  oxidised  waste  is  lixiviated,  aod  ths  laf/f 
bdled  with  sodium  carbonate,  by  which  means  ealdum  carbonate  and  sodiuB  v* 
sulphate  are  formed ;  the  predpitated  ealdum  carbonate  is  then  separated,  eithir  If 
decantation  or  filtration,  and  the  solution  evaporated  to  crystallisation. 

By  Kopp's  method,  soda  waste  is  mixed  with  10  or  15  per  cent,  of  sulphur  and  Hi 
mixture  is  boiled  in  an  iron  boiler  with  firom  12  to  15  times  its  wdght  of  watff.  Ci^ 
dum  sulphide  and  thiosulphate  are  thus  formed.  The  whole  liquor  is  then  tali* 
ferred  to  dose  vessels  provided  with  agitators,  and  sulphurous  oxide^prodneed  b^ 
burning  sulphur,  is  passed  in  until  the  mixture  has  an  acid  reaction.  This  Uqaor  H 
then  drawn  off^  neutralised  with  sodium  carbonate,  allowed  to  settle,  and  Jwjinti' 
The  ealdum  thiosulphate  contained  in  this  liquor  is  converted  into  the  comspoBdiil 
sodinm  8;ilt  by  meaRM  of  sodium  carbonate  or  sulphate. 

f:^odium  thiosulphate  may  be  obtained  in  like  manner,  from  the  lime  used  in  psB* 
fying  illuminating  gas,  which  contains  calcium  thiosulphate,  as  well  as  some  aii^ 
sulphide. 

Vses. — Sodium  thiosulphate  is  employed  to  a  large  extent  asantichlor  inf^pS 
manufactories,  for  removin^i:  the  last  traces  of  chlorine  employed  in  bleaching  ths  np 
Large  quantities  of  sodium  thiosulphate  are  also  used  for  photographJe  purposes.  U 
emplojrment  in  this  branch  of  indostry  is  due  to  its  capability  of  dissolTu^  thoi 


furttf  of  pbiofog)!ApfaiiB  negatives  €hat  have  not  been  acted  upon  by  light.  It  is  farther 
need  in  the  pnparation  of  silvering  and  gilding  solutions ;  for  extracting  silver 
chloride  from  silver  ores,  in  the  preparation  of  aniline  green,  and  in  cotton  printing,  etc 
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r* — ^This  snbstance  was  discovered  and  described  in  1658  bj  Qlauber,  who 
1'*'?^'^  it  from  the  residues  left  in  the  preparation  of  hydrochloric  acid  by  the  action  of 
gnl^iirie  acid  upon  common  salt.  Glauber  termed  it  sal  mirabile,  and  subsequently 
cheausts  gave  it  the  name  sal  mirabile  GUtuberi,  whence  its  present  designation  of 
Glauber's  salt.  The  first  preparation  of  this  salt  on  a  large  scale  was  at  Friedrichs- 
^*  wbeoce  in  1767  it  found  its  way  into  the  market. 

^^•mrwiee. — Sodium  sulphate  occurs  in  the  water  of  a  number  of  saline  springs. 
Tbe  wat«r  of  several  inland  seas,  as  well  as  sea  water  itself,  also  contains  sodium 
nlphate,  which  is  found  in  the  mother  liquor  obtained  in  the  extraction  of  common 
nh  from  these  sources.  The  water  of  the  lakes  of  the  Araxes  plain  yields  an  efflore- 
**Dce  consisting  of  sodium  sulphate,  chloride,  and  carbonate.  The  salt  forms  a  crust  at 
^  sdgu  of  the  lakes,  and  when  detached  it  floats  upon  the  surface  of  the  water. 

Pve  anhydrous  sodium  sulphate  occurs  naturally  as  the  mineral  thenardite,  and 
in  a  bjdrated  condition  as  mirabilite,  while  Glauberite  is  a  double  compound 
of  aodium  sulphate  and  calcium  sulphate.  Blodite  is  a  double  compound  of  mag- 
BfaiUD  ioli^te  and  sodium  sulphate.  Large  quantities  of  hydratod  sodium  sulphate 
an  toani,  together  with  gypsum  and  clay,  in  the  valley  of  the  Ebro,  in  Spain. 

Composltloii. — In  the  crystallised  condition  this  salt  contains  55*9  per  cent,  of 
*>ter,  and  its  composition  is  represented  by  the  formula  Na^OflOHsO. 

Cbaraeters. — Sodium  sulphate  crystallises  from  aqueous  solutions  at  ordinary 
tempenture  in  well-formed  colourless  prisms,  which  o£fIoresce  on  exposure  to  the  air 
^  giring  off  their  water  of  crystallisation,  becoming  first  of  all  opaque  and  finally 
^ng  to  powder.  100  parts  of  water  at  0°  dissolve  12  parts  of  crystallised  sodium 
wlpbate,  at  25**  100  parts,  at  33°  322  parts,  at  40°  291  parts,  at  50°  only  262part8.  It 
^  be  seen  from  this  that,  unlike  the  generality  of  salts,  the  solubility  of  Glauber's  salt 
">*aterdoes  not  increase  with  the  temperature  of  the  water,  but  that  its  maximum 
•olnbility  is  at  a  temperature  of  33°,  the  solubility  then  decreasing  with  rise  of  tem- 
P^vstonL  A  solution  of  Glauber^s  salt  saturated  at  33°  therefore  deposits  some  of  the 
**lt  b  the  solid  state  upon  raising  the  temperature  of  the  solution. 

Vrtpumtioii. — Sodium  sulphate  is  obtained  as  a  by-product  in  a  number  of 
^^''ttieal  operations,  but  it  is  chiefly  in  the  manufacture  of  sodium  carbonate  that  this 
"^itpnaiiced  upon  a  large  scale  by  heating  sodium  chloride  with  sulphuric  acid,  this 
^P^nition  constituting  the  first  step  in  the  conversion  of  sodium  chloride  into  sodium 
^fboaati or  ordinary  soda ;  the  product  thus  obtained  is  termed  salt  cake. 

Ami  Qtmmtm  Salt  and  Sulphuric  Acid. — This  method  is  in  principle  the  same  as 
^  aupbyed  by  the  discoverer  Glauber.  The  action  of  sulphuric  acid  upon  sodium 
^'iloride  to  form  Glauber's  salt  may  be  represented  as  taking  place  in  two 
^^H^  the  first  stage  consisting  in  the  formation  of  acid  sodium  sulphate  according  to 
^••^tion: 

NaCl  +   H.^0,  =  NaHSO,  +  HCl. 

^  acid  sodium  sulphate  at  a  higher  temperature  then  acts  upon  a  further 
*"l*ealff  of  sodium  chloride  forming  sodium  sulphate  and  hydrochloric  acid,  thus  : 

NaH80«  +   NaCl  =  NaaSO,   +  HCl. 

^  apparatiu  for  the  preparation  of  sodium  sulphate  in  cylinders  is  shown  by  figs. 
1)S  and  139,  Each  furnace,  of  which  from  5  to  25  and  more  are  placed  side  by  side, 
^^'^ins  fiixmi  2  to  4  retorts  (c  c)  of  cast  iron,  each  retort  being  5^  feet  in  length  and 
^  ^  in  width,  the  retorts  being  heated  by  a  fDmace  (6).  The  retorts  are  built  into 
*^ttched  chamber  of  fire  bricks,  and  are  heated  on  all  sides  by  the  hot  air  from  the 
^  The  hot  air  and  flame,  after  being  reflected  from  the  arch,  p&ss  through  the  flues 
M  ftad  (m)  into  the  common  fine  {m  m),  whence  they  escape  into  the  chimney  (n). 
^  cuUiroD  cylinders  are  closed  at  both  ends  with  a  lid  (0),  luted  on  by  a  luUng  of 
^7*  The  interior  of  each  retort  is  connected  with  the  absorption  vessels  by  means 
^^  itoiieware  adapter  (A)  fitting  air-tight  into  the  retort,  and  secured  by  a  luting 
^  5^7.  ISie  other  eixtremity  of  the  adapter  passes  into  the  tubulus  of  a  carboy  (t), 
vkieh  ia  Ha  torn  eommnnicates  by  means  of  the  tube  (Q  with  a  series  of  carboys  con- 
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ncctod  bymeauH  of  similar  tubes,  and  arranged  in  rows  in  connection  with  one  anotbor 
Tho  gases  escaping  from  the  last  row  pass  through  a  tube  into  the  common  ehimoe/. 

Fig.  138. 


Tic.  130. 

The  opening  (/)  in  tho  posterior  lid  of  the  retort  (fig.  138)  is  for  admitting  a  leidfli 
funnel,  tho  opening  lieing  closed  during  the  process  with  a  plug. 

Each  cylinder  receives  a  charge  of  about  3^  cwt.  of  common  salt,  and  then  tin 
lid  is  luted  on,  and  2}  cwts.  of  sulphuric  acid  of  sp.  gr.  1 727  poured  in  throogfi  dti 
opening  (/).  The  funnel  is  then  removed  and  the  opening  closed  with  a  plug.  1^ 
cylinders  are  heated  at  first  gently,  the  heat  being  gradually  increased  towudf  tht 
end  of  tho  process.  The  hy£\)chloric  acid  evolved  passes  first  of  all  into  the  driiof 
(»).  wltich  is  empty,  and  serves  to  retain  mechanical  impurities  carried  over  with  tin 
stream  of  gas.  The  hydrochloric  acid  gas  thus  purified  passes  into  the  carhoyi  of  tb 
second  row,  which  are  about  half  filled  with  water;  from  thence  into  those  of  the  thiri 
row,  the  non-absorbed  gas  escaping  finally  into  the  chimney. 

The  carboys  are  connected  with  one  another  in  the  way  shown  in  fig.  140.  Into 
the  tubulatures  of  the  carboys  (a  b)  aro  fitted  the  wide  connecting  tubes  (c  d).  Throng^ 

a  funnel  (o  h)  water  is  poured  into  the  carboys ;  thelow 
extremity  of  the  funnel  dipping  beneath  the  water  in  tin 
cArl>oy.      Caoutchouc   tul)e8    (sK'and   fi^)  oonneet  thi 
lower  part  of  the  carboys  with  one  another.    Wata  i* 
poured  in  through  tho  funnel  (o  b),  and  passes  throng 
(b  k)  into  tho  second  carboy  (r\  and  Arom  thence  throi^ 
(f  f')  into  t]>e  third  carboy,  and  so  on  until  the  whole  lOV 
of  carboys  has  been  passed.     The  hydrochloric  acid  gu  ii 
introducf^  at  the  other  end  of  the  row  of  carboys;  pSMV 
therefore  in  the  direction  from  d  to  b,  from  thence  throng 
c  to  A  etc.,  and  during  its  pa8s:ig(>  it  comes  into  contact  with  wiiter  of  a  less  degreeof 
saturation,  while  the  water  on  its  passage,  coming  into  contact  with  vapour  of  nydio- 
chloric  acid  of  continually  increasing  strength,  bi'cunies  saturated  more  and  more. 

Each  cylinder  yields  on  an  average  440  to  460  lbs.  of  aqueous  hydrochloric  acid  of 
sp.  gr.  ri60  to  1*170.  When  the  operation  is  over  the  saturated  soIuHod  of 
hydrochloric  acid  is  let  off  through  the  cocks  at  tlie  bottom  of  the  carboys,  sjnd  whan 
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Ui0  abort  mathod  is  not  adoptadi  the  emptj  carbojB  of  the  flnC  row  me  filled  with 
Ibe  JP^'*'!  <attml«d  icid  of  the  bllowing  row*. 

Xh«  naidne  left  in  the  retorta  at  the  end  of  the  opeifttion,  after  the  hjdrDchlorio 
leid  baa  all  been  distilled  i^,  nuuiiti  of  a  hatd  compact  msffi  of  sodinm  solphate,  ^ 


.  and  the  retorts  recha^ed  anew 


ibont  400  Ibe.  in  weight.    This  reeidne  U  diawii  01 
ID  the  manuei  above  deacribed. 

The  maleriala  naed  in  the  pioduction  of  >odiiuD  aolpbate  ft 
kmIa  *(«  the  aame  a<  tboae  already  described,  and  the  onlj  d 
opar&tion  ii  eondocted  in  rcTerberatury  fucnaces. 

In  the  oldnt  fomu  of  fornacea  in  which  the  action  of  antphnric  acid  upon  common 
nit  «■•  e&cted,  the  mixture  was  heated  bj  paaaing  hot  air  and  gas  from  the  fnmncs 
diiQctl;  om  'a.  The  reaction  between  a  nlphunc  acid  and  Bodinin  <£loTide  was  thas  vtrj 
tlioioiuh,  bnt  it  was  on  the  one  hand  difficnlt  to  aecare  a  complete  eoDdeaaation  ot 
the  hjdrachloric  acid  ffis  which  escaped  with  (he  fire  gsa,  sad  on  the  otbei  hand  the 
■dntion  <t  hjdioehlonc  acid  obtained  was  not  of  the  strength  required  for  the  mann- 
lactim  of  duorine,  etc  For  this  reason  the  ordinary  reverberatory  furnace  ceased 
to  benaed  in  the  prepaiatioa  of  sodiuni  sulphate  and  the  reaction  of  aulphuric  acid 
span  common  salt  is  now  uarried  out  in  two  distinct  stages.  The  first  slace  coDiiats 
in  {mparing  acid  sodinin  sulphate  in  Tessela  heated  from  outside,  so  that  9io  hydro- 
J.1 — : — -J    -capeg  nnniixod  with  fire  gsB.    The  second  sfage  conaiata  in  the  prepara- 
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'ioDcf  aratialaDcIinm  sulphate  or  Qlauber'B  salt  by  heating  ^a  miitore  of  acid  aodinm 
■u^hue  and  nndecomposed  salt  from  the  formor  operation  in  reTorbeiatorj  fornacei ; 
'^  euotion  is  termed  roaatiaij  the  salt  cake  ;  the  hydrochloric  add  tbus  evolved 
*ith  Uic  fire  gases  is  condensed  either  in  a  series  of  carboys  01  some  other  laitable 
"lUgment  to  a  dilute  aqueous  aolution. 

Aluuce  of  the  latter  k'nd  erecreseated  by  figa.  141  and  142     lis  the  flnplace 
''^Mmbarktory  fomace  ijiitf  if  are  fines     The  latter  puss  ander the  leaden  pan 


*>k)i  tboof^  the  oatlets 
'•"''.  *g-  U2)  into  s  row 
Jf  eubojs  (i' »*),  wh*r*  th? 

JJihtKhloric  acid   is 

tab(i(;a)|iariiignoDi 

m  tk  (Mmbai  rontaini 

»!>•  I«d«i  pM  (B),  Ion...  _  ,, 

■*te  Tt^Ktivriy    in     two -^g>^>^tJ6 

'pVitaAojt  (A  4'),     .\'^Jf\^a 

'«««•  It  bat   in  Iwjiilh      -^  ^^ffl 

V>d  ifcM  wide  requires  ror^^2^'«k1 

■rtncMwie  acid  bom  72  ^'°-  '*" 

'"TtcaitoTlin  the  flnt  two  rows  (i"  i")  and  from  40  to  50  carboys  ii 
'^(li)0i**^<*'bo7  having  acapacitv  of  about  44  gailoni.    K  is  aa  apertur 
"^Mittiii  UiB  tommaa  salt ;  {t)  a  damper  foe  placing  the  roasting  apace  in  comn 
^"^a  with  the  pan  space. 

Us  leaden  pun  <■)  is  charged  with  common  salt  in  the  following  way  :— First  of 
"jfl^ltiathiowii  in  at  land  spread  over  the  pan;  then  sulphnric  acid,  generally  a 
"l^hi  add  of  sp.  gr.  1-S20  to  I'dSD.  is  poured  in  through  a  fUnael  tube  bent  at 
thugha  ;  K  ia  then  shut  and  lated.  Hot  air  is  then  passed  under  a,  the  escaping 
^VWrofl^dnchloricBcid  being  pneeed  through  ^^  into  thecsrboya  (k  k). 
,  ^eonplMe  formation  of  and  Bodinm  sulphate  in  the  leaden  pan  is  noticed  by 
'"ffiflnd  Ban  aaenming  a  (tiff  consistency ;  uie  damper  (e)  is  then  drawn  up  and  the 
^Hfiim  sulphate  thrown  through  ;'  by  tbe  «d  of  a  suitable  spatula  into  the  roast- 
Jl  danbar  (■)-  Hie  damper  (c)  is  then  let  down  and  the  leaden  pan  a^in 
*gtd  with  (ommon  salt  and  mlphuric  acid,  while  at  the  ssmo  timo  the  acid  sodium 
^WU  and  unchanged  sodium  chloride  is  stmnglj  heated  in  thn  toasting  furnace 
**  In  MUnl  sodiam  sulphate,  the  bydiochlonc  add  erolvad  passing,  together 
■       "  '(»■'>■')■    Themas. 
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in  the  calrining  chambere  is  ccdUdiuIIt  EtitToI  daring  Uie  oi 
aqnal  rmsatinff.    Whm  ths  operation  u  over,  U)«  OUabo'i  mlt  is 
cnsnc-gnineii  poirdFr. 

The  condentation  of  the  b;dn>chIorie  acid  gai  eoeapang  from  the  leieibau 
fanuee  is  difficult,  for  the  mson  that  it  is  mixed  with  the  fin  gu,  whkk  ■ 
itself  non-condenBible  and  anueqneoilj  ouriee  off  mcebuiicallj  Isra  qoaatitM 
hjdrocbloric  ncid.  A  farther  reqninment  of  thia  method  ia  a  tall  chinuwj  too 
•IT  the  Doa-condenied  vapour  of  hjdnchloiic  acid  gu,  so  as  to  praroit  tti  MS 
a  nniaanes  to  the  immediate  riciaity. 

The  condenrin;  ajitPin  deeeribed  on  p.  250  (flg.  140),  in  which  the  lover  pttl 
the  condensing  carboja  are  connected  «ilb  caonlchonc  tabei,  snd  wheN  it  H  < 
neeen^iy  to  ponr  water  into  the  last  caitioj  of  n  whole  row,  ie  here  loo  the  moit  ■ 
able  system  to  adopt. 

As  soon  aa  the  decompoeition  in  the  calcining  or  rei-erberator;  fomacv  ia  eoonil 
the  iron  lid  (c)  which  had  Barred  dnring  the  opemtioD  to  eorer  the  arched  Tsnlt  {e, 
riTnoTed,  the  sodinm  sulphate  raked  ont  into  tbe  vanlt,  and  the  fnmaee  reehii^id. 

Alieratio»i  in  lit  Omiintelinn  o/llit  Funmcet. — The  chief  propMitiona  mades 
improremenU  in  aodimn  imlphace  furnaces  sini  >t  getting  rid  of  the  reret^iaral 
furnace  used  for  beating  the  miiture  of  acid  sodium  eulphate  and  common  salt  M 
comes  frum  the  lead  pan  in  the  first  stage  of  the  ptocesa.  For  not  onlj  doe*  a  gi 
loss  ensUD  by  the  impoEBibililj  of  eflectnally  absorbTug  rapour  of  hydrodiloric  ■ 
mixed  with  fire  gas,  but  further  it  is  reiy  difficult,  if  not  lEnpoasible,  to  prereot  i 
large  quantities  of  hydrochloric  acid  which  eacape  from  injuring  the  nmoDndi 
nri|>hbourhood. 

Figs.  143,  144  and  145  represent  a  fomace  where  the  sulphate  ia  calcined  ii 


muffle. 


e.    Figs.  143  and  144  abow  the  fliniace  in  section,  fig.  145  the  ground  jdn 

ns  the  grate,    la  are  two  fireplaces  with  grsta  2  feet  long  and  1^  EMt  n> 


The  flame  plays  roand  the  muffie  in  the 
rection  from  a'  to  a"  and  then  passes 
neath  Iho   leaden  pan  (»).  and  from 
through  a  flue  (i  )  undernealh  le.ndcn  pans 
for  concentrating  chamber  acid     The  mufllf 
(c)  is  nutde  of  mngle  plates  of  fire  cK^ 
comenl«d  together  perfectly  air  tight,     Tlif 
bottom  of  the   muffle  is    13   feet  long    and 
nloDt  81  feet  wide.      The  arch  abore 
muffle  is  also  built  of  fin    bnck      A  couj 
of  tubes  (dd)  sen'B  to  conduct  iho  hvdi 


□to  the  ( 


appnnitu!! 


iffle  (c)  and 


damper,  by  lifting  whici 
the  pan  (m)  are  placed  in  cumiuuniiniLiuu 
The  pan  (m)  has  a  round  shape  with  a  dia 
meter  of  10  feet,  and  stands  in  a  brickwork  '  '       '  *'- 

chamber.  The  opening  (a)  communicates  with  the  hopper  of  the  salt  rCMmir,  t 
nrrea  for  admittiDg  salt  into  the  muffle  ,  a  simiUr  opening  (r)  serres  to  adnit  I 
sulphuric  add.  J  is  an  opening  admitting  of  the  mass  in  H  being  stirred  bl  • 
hour,  after  which  it  is  brought  into  the  mnffle.  i  is  an  npcning  commdiiicatinf  •■ 
the  muffle  (c).  The  operation  is  conducted  in  a  way  similar  to  that  deeoibed  u  > 
cam  of  the  preTionsly  mentioned  furnace..  Each  charge  consists  of  about  13  evh 
salt,  and  13  cwts.  of  sulphuric  acid  i-f  ep.  gr.  1-652.  Calculating  12  cbaigM 
erery  24  hours,  144  cwts.  of  common  salt  would  be  worked  up  by  a  mngle  niH 
evei7  24  hoars,  or  36  tons  would  be  worked  up  in  this  time  in  a  factory  ptoriM  * 
six  Eulphntc  furnaces,  and  with  five  of  thtm  working. 

In  liiis  country  the  leaden  pons  are  replaced  by  cast-iron  pans  weighing  alM 
M  5  tons.    They  are  sometimea  not  set  in  arched  brickwoi^  tint  laUar  bMnfi 
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plaeed  bj  domad  ronn  of  cast  inn.  The  flra  gases  bom  the  loutjiig  furnace  ua 
DC*  nacd  for  h»*ijng  the  pass,  vhtch  are  heated  b;  a  separate  fire. 

Modificatieiu  i»  tht  Condtunsg  Apparatue.~The  rarioiu  fotciil  oi  coadelisiiig 
bottles  hara  been  atread;  meotioiiBd.  In  pUcn  where  it  vrta  fonod  neceMarj  to 
sbaorb  the  last  traces  of  hydrochloric  acid.  Tarious  nbBorbents  have  beea  propcaeil  in 
the  jdacfl  of  vatsr.  Knhlmann  Alls  the  last  carbo;  with  pieces  of  coho  ovar  which  a 
atnun  of  milk  of  lims  is  mads  to  trickle  ;  the  Inrge  Bur&ce  of  nlkoliDe  liquid  absorbs 
the  hTdlMhlme  add  completely.  In  order  to  obtain  barium  chloride  as  a  bj-produet 
hs  raptacea  the  milk  <d  lima  by  witherite  in  a  flue  state  of  diTision. 

Ceadaui^  limwrs,  Coit  Tbiow-s.— In  rery  largo  works,  espocially  in  this  Mrantiy, 
th«  Mndenniig  carboys  are  replaced  by  towers  baring  an  arrangement  similar  to  the 
Gay-Lnssu's  coke  towers  described  on  p.  124,  The  lowers,  of  which  a  couple  ate 
pl>Md  together  commanieatJng  with  one  another  abore,  are  built  of  Baadslons 
satDisted  with  tar,  and  are  filled  either  with  coke,  broken  pieces  of  earUlenvare,  or 
flinla,  oret  which  s  stream  of  cold  wnter  is  kept  cooetaotly  fiowing.  The  ncid 
npmr  enters  at  the  lower  part  of  one  of  the  towtw,  passing  through  ■  peifomled 
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nattnpcn  which  th^pisces  of  coke,  etc  rest,  aod  then  through  the  moistensd  coke 
nlo  tlks  apper  put  of  the  next  tower,  passing  downwards  through  it  into  a  chimney. 
Hw  amMow  Hydrochloric  acid  Ihos  formed  is  let  off  through  pipes  placed  at  the  lowest 
paft  a  the  (owara.  The  acid  of  the  first  tower  is  of  course  more  concentrated  t^n 
tlntol  the  aadond  one.    An  arrangement  of  this  kind  is  re^resonted  by  fig.  146. 

Isatoid  of  two  towera,  in  some  places  a  single  tower  is  employed,  divided  by  a 
parlitian  into  tao  ebuabais.  The  acid  Tnpour  passes,  an  in  the  other  case,  upwuds 
UnN^  tfaa  tztt  chaELbcr  and  downwards  through  the  Eocoad,  escaping  from  beneath 
the  iMMr  into  the  chimney. 

Boonm  Buirmtrs  fbok  utheb  souscrs. — Considerable  quantities  of  this  salt  are 
nlfiiiml  from  the  mother  liquon  of  brine  springs,  sea  wntor.  and  kelp,  and  as  a  by- 
ptodttet  in  tb*  maonfacture  of  potash  salts  from  the  sflline  deposits  at  Stassfurt. 

Thm  prraantion  of  sodium  sulphate  from  the  motlier  liquor  of  saline  springs,  or 
SM  ««tar,  dapcoida  npon  the  fact  that  the  mugnesium  )<utphate  contained  in  the 
mother  liqnar  of  brine,  and  of  sea  water,  reacts  upon  the  sodium  chloride  at  a  lowtem- 
pentare.  forming  sodimn  sulphate  and  magnerium  chloride,  the  foriEer  ssparnting 
IB  the  cryMalUDe  condition,  while  magnesium  chloride  remains  in  solution.    (  Vide 

^naacklea  found  in  the  pans  in  which  concentrated  bnae  has  been  boiled  down 
•I*  Kraped  off  and  lixiviated  with  water,  which  dissolves  the  fiodium  sulphate, 
laaving  the  gypsum  undissolved.  The  liquor  thus  obtained  is  usi>d  for  liiivinting 
frssb  pan  KWM  until  a  liquor  hss  been  obtained  baring  a  spec  grav.  of  1-197  or  t*2U6. 
Hus  is  either  decanted  or  filtered  from  the  gypsum  and  the  sodium  sulphate  crystallised 
oat  in  tile  winter  leaeon. 

flodinm  sulphate  is  obtained  from  the  residnes  of  ihe  Stassfiirt  potash  works  on  a 
laige  aeale  at  Uie  works  of  Messrs.  Ziervogcl  and  Tuchen  at  Stassfurt.  The  residues 
frim  the  liziviution  of  raw  cikrnalliti>,  mnsisting  chieRjof  comtnon  saltnnd  kieecrite 
(■BgDennm  salphste),  are  exposed  to  the  action  of  the  nir  for  several  wcks.  In 
■•--  ■—"<-'•-•-:   — ■-- is  converted  into  soluble  maguesinin  sulphate ; 
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the  mass  \a  then  lixiyiatod  in  large  tanks,  and  the  bolatioii  ezpoeed  in  ■hiDov 
wooden  basins  to  a  low  temporatnrc.  A  ciystalliBation  of  sodinm  sulphate  is  thiti 
obtained,  which,  after  the  mother  liquor  has  been  drawn  off,  is  collected  and  drieJ. 
The  conversion  of  hydrated  sodium  sulphate  into  tho  anhydrous  condition  is  effected 
at  the  aboTe  works  by  heating  it  over  a  water  bath  with  constant  stirring. 

■  In  preparing  sodium  sulphate  from  common  salt  and  ammonium  sulphate,  a 
solution  of  common  salt,  having  a  spec.  grav.  of  1*160,  is  mixed  with  an  eqniTidsDt 
quantity  of  ammonium  sulphate,  and  the  mixture  heated  to  the  boiling  point.  A  mutotl 
decomposition  takes  place,  sodium  sulphate  and  ammonium  chloride  (sal  ammomsc) 
being  formed,  the  former  separating  in  the  solid  state.  Uppn  evaporating  the 
mother  liquor  a  further  crop  of  sodium  sulphate  is  obtained.  The  mother  liquor  ii 
finally  drawn  off  into  suitable  vessels,  and  yields  upon  cooling  ciyitals  of  nl 
ammoniac,  which  are  cither  simply  dried  and  sent  into  the  market,  or  are  fint  of  ill 
submitted  to  a  process  of  sublimation. 

When  a  mixture  of  ferrous  sulphate  and  sodium  chloride  is  heated  to  rednesi  ins 
current  of  air,  there  are  formed  sodium  sulphate,  ferric  oxide,  and  free  chlorine.  Th» 
mother  liquor  from  tho  preparation  of  ferrous  sulphate,  or  mine  water  rontaioiBg 
this  salt,  may  be  employed  for  the  purpose,  common  salt  being  dissolved  in  the  lohi* 
tion,  the  mixture  evaporated  to  dryness,  and  the  residue  heated  to  redness  in  a  eoTnt 
of  air.  The  sodium  sulphate  is  then  extracted  wit^  water.  Another  plan  consiitfl  is 
freezing  out  sodium  sulphate  from  a  solution  containing  common  salt  and  favMM 
sulphate.    This  operation  is  performed  in  winter. 

Tilghman  prepares  Glauber^s  salt  from  gypsum  and  common  salt  by  meltiBg  the 
two  salts,  and  passing  a  stream  of  superheated  steam  over  the  melted  mass;  sooivB 
sulphate  is  thus  formed  and  hydrochloric  acid,  which  escapes.  Anthon  preptM  • 
mixture  of  equal  parts  salt,  sypsum,  and  calcined  magnesia,  stirs  the  mixture  ip 
with  a  quantity  of  water  equal  to  double  its  weight,  and  passes  carbonic  acid  into  ths 
mixture.  In  this  way  magnesium  carbonate  is  formed,  which  with  gypsum  yiii^ 
calcium  carbonate  and  magnesium  sulphate,  and  by  evaporating  the  solution  of  thii 
salt,  mixed  with  sodium  chloride,  they  yield  magnesium  cnloride,  and  sodium  Bolphsti 
which  crystallises  out.  Other  methods  of  preparing  sodium  sulphate,  consisting  n 
roasting  magnesium  sulphate,  copper  vitriol  or  zinc  vitriol,  pyrites,  etc.,  with  ooomoi 
salt,  have  been  proposed,  but  none  of  them  have  received  industrial  applieatioo. 

There  is,  however,  another  process  recently  introduced  by  Mr.  Harmavsi,  ^u^ 
promises  to  bring  about  a  considerable  change  in  the  manufacture  of  sodium  sidphit^ 
This  consists  in  subjecting  salt  to  the  action  of  a  mixture  of  sulphurous  oxide,  obtaiM^ 
by  burning  pyrites,  with  atmospheric  air  and  steam,  so  as  to  convert  the  solphnnKi 
oxide  into  sulphuric  acid,  and  the  sodium  chloride  into  sulphate,  with  liberatioaof 
hydrochloric  acid ;  the  reaction  taking  place  is  represented  by  the  following  equstiv' 

2NaCl   +  HjO  +  SO,  +  0     -     Na^SO^  +   2Ha. 

For  the  purpose  of  preparing  sodium  sulphate  in  this  way,  several  cj^indtfio^ 
cast  iron,  arranged  so  that  tliey  can  be  heated  externally,  are  filled  with  salt  in  idij 
porous  condition,  and  when  heated  to  a  temperature  of  about  426°,  a  mixton  <■ 
sulphurous  oxide,  air,  and  steam  is  passed  in  at  the  top  of  one  of  the  cylindic%  tt 
the  bottom  of  which  is  a  pipe  communicating  with  the  top  of  the  next  cytindff' 
After  a  time,  when  the  salt  in  the  first  cylinder  is  wholly  converted  into  sulidtfte,ih0 
gas  is  passed  into  the  second  cylinder,  and  after  removing  the  sulphate  from  the  frit 
one,  it  is  connected  with  the  last  cylinder,  and  so  on  through  the  entire  series. 

Purification. — Sodium  sulphate  is  purified  by  dissolving  the  raw  salt  in  boiliog 
water,  allowing  the  solution  to  settle,  decanting  it  off  from  the  sediment,  andcn^' 
lising  in  wooden  troughs  lined  with  lead.  As  soon  as  the  temperature  of  the  sobtio 
has  sunk  a  few  degrees  Ivelow  33°,  crystallisation  commences,  and  further  ooohogpEO' 
duces  large  well-formed,  transparent  prisms  of  sodium  sulphate. 

When  it  is  desired  to  obtain  sodium  sulphate  with  the  appearance  of  E^psom  fl^ 
the  solution  is  stirred  during  the  cooling  process,  so  that  no  large  cr3rstals  can  iiofii' 

Vses. — The  chief  use  made  of  Glauber's  salt  or  sodium  sulphate  is  in  the  prcpiA' 
tion  of  soda  by  Leblnnc*s  method.  Besides  this,  large  quantities  of  the  salt  are  vtA 
in  glass  manufacture.  Another  important  application  of  sodium  sulphate  is  in  the 
preparation  of  ultramarine. 

Sodium  sulphate  is  further  used  for  separating  calcium,  as  sulphate,  tram  Txriotf 
mother  liquors,  such  as  those  of  saltpetre,  which  contains  calcium  chloride,  for  pi**  . 
paring  sodium  acetate  by  decomposing  calcium  acetate,  obtained  in  the  saturatioo  d 
raw  wood  vinegar.  Sodium  sulphate  is  sometimes  heated  to  redness  with  charcoal  M 
as  to  obtain  sodium  sulphide,  which  is  used  for  odourless  sulphur  Imths.  FiMlly» 
it  is  used  in  dye  works,  and  for  the  prixluetion  of  freezing  mixtures.    An  exeelleiA 
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fftmjig  ndzton  is  obtained  by  mixing  4  parts  of  cryatallised  aodinm  snlphats  with 
Sptitiof  ralpfaiiric  acid  of  sp.  gr.  1*360,  or  S  parts  of  powdered  sodium  sulphate 
with  6  parts  of  Aiming  hydrochloric  acid. 
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jm — ^Mention  is  made  in  the  Old  Testament  of  a  substance  called  neter 

^f^^idix  poMMsed  the  property  of  effervescing  with  vinegar ;  it  was  a  natural  product 
^^''^iMa  from  certain  IsjLes  in  Egypt,  and  was  used  for  cleaning  purposes  in  the  same 
^7  as  wood  ashes,  and  it  cannot  well  have  been  anything  else  tkan  soda.  It  was 
^™  sibstanee,  and  not  nitre,  as  was  at  one  time  supposed,  that  was  mentioned  by 
ina«Bt  Onek  and  Latin  authors  under  the  names  vlrpop  and  nitruvii  as  representing 
™^  -^gl^ptian  name.  The  terms  natron  and  soda  were  first  applied  to  this  sub- 
ll^^^es  m  the  fifteenth  century.  For  a  long  time  no  distinction  was  made  between 
|Pj**«h  and  soda ;  and  even  as  late  as  the  last  century  both  substances  were  held  to  be 
idAntieil,  or  s^  most  only  modifications  of  one  and  the  same  substance.  It  was  not 
^tn  Said  in  1702,  and  Duhamel  in  1736,  had  shown  that  common  salt  contained  a 
°^*^  <^i<fcpw^  from  ordinary  potash,  that  soda  and  potash  wore  proved,  chiefly  by 
"•^Jgiitf's  investigations,  to  be  different  substances. 

Up  to  the  beginning  of  the  present  century  soda  was  obtained  exclusively  from  the 
■'"••(rfljuid  and  marine  plants;  but  as  early  as  the  middle  of  the  last  century 
JJT^^jili  had  bees  made  to  prepare  soda  from  common  salt  In  1 782,  according  to 
^^  isan,  attempts  to  obtain  sooa  from  common  salt  were  made  in  England  by  applying 
"^  xiBMtiDo  diaoovered  by  Scheele,  and  decomposing  salt  with  litharge,  filtering  the 
'^"^taoB,  aad  exposing  it  to  the  air  for  absorption  of  carbonic  acid.  TMs  attempt,  as 
^^^  as  a  numbcff  of  ^ers  of  a  similar  kind,  did  not  attain  the  desired  result,  owing 
jg^^Ks  ftet  that  soda  obtained  from  the  ashes  of  plants  was  cheaper  than  that  pro- 
■■"**m3  by  any  of  those  methods.  * 

Xt  was  not  until  a  decree  came  into  force  in  France  prohibiting  the  importation  of 
*^^%  into  that  country,  that  the  method  of  preparing  sooa  from  common  salt  devised 
7  X^hlane,  Dii^  and  8h^  was  adopted.     This  method  is  now  commonly  employed. 


ium  carbonate  occurs  naturally  under  various  conditions.      In 

^^  solid  fonn  it  oecozs  as  an  efflorescence  as  well  as  in  some  minerals ;  in  a  state  of 
"^^Ktion  it  is  present  in  many  kinds  of  mineral  water,  as  at  Carlsbad,  Aix  la  Chapolle, 
^^^bj,  etc  Sodium  sesquicarbonate  is  found  in  considerable  quantities  in  thd  water 
^tHs  soda  lakes  of  Egypt,  Central  Africa,  South  America,  in  the  vicinity  of  the 
•^••iMan  Sea,  in  Arabia,  Hungary,  etc.  From  some  of  these  sources  soda  is  still  pre- 
P^^<ftd  iadustriallv.    There  are  two  kinds  of  natural  soda,  known  as  Trona  and  Urao. 

Trona  is  obtained  from  Egg^t,  and  it  consists  essentially  of  a  compound  represented 
^^tlie formula  Na^C^O,  -(•  4H,0,  together  with  some  admixtures  of  sodium  sulphate, 
wwii^m  chloride,  and  earthy  impurities.  The  amount  of  anhydrous  sodium  sesqui- 
^^^t^nate  is  about  60  or  70  per  cent  It  occurs  as  an  incrustation  formed  by  the 
^^^t^oration  of  the  water  in  pools  or  lakes,  and  sometimes  separates  frt)m  the  water  in 
'''^M^g4js  which  float  on  the  surface. 

UrM  is  obtained  from  the  water  of  Lake  La  Lagunilla,  in  Columbia,  and  it  also  con- 
^1^  sodium  sesquicarbonate.  During  the  hot  season  the  urao  is  deposited  frt>m  the 
of  the  lake,  in  consequence  of  evaporation,  and  is  collected.  It  is  a  purer 
ial  than  tiona,  but  the  quantity  produced  is  less. 

Native  soda  is  also  obtained  from  some  Hungarian  lakes,  but  the  annual  amount 


produced  is  small,  although  the  production  was  formerly  more  considerable.    The 
^^^^^tgarian  soda  contains  less  sodium  sesquicarbonate  than  trona  or  urao. 

'The  adies  &t  some  marine  plants,  as  well  as  the  ashes  of  plants  growing  on  the 
*J^  coast,  often  contain,  besides  various  other  salts,  a  quantity  of  f>odium  carbonate. 
^H«  Banner  of  preparing  kelp  or  varec  has  been  already  treated  of,  on  p.  194.  The 
^2*^pQBition  of  the  ash  of  soda  plants  varies  according  to  the  kind  of  plant  from  which 
^^  ash  is  obtained,  and  according  to  the  locality  where  the  plants  grow.  The  ash  of 
*^^t  plants  under  the  name  of  barilla  formerly  constituted  one  of  the  chief  sources  of 
"^^^^  and  this  alkali  was  also  obtained  to  some  extent  from  kelp. 

Barilla  comes  chieflv  from  Alicante,  Malaga,  and  Carthagena ;  it  is  the  best  kind 
^  •oda  obtained  firom  soda  plants,  and  contains  from  14  to  30  per  cent  of  sodium  car- 
°^^>late,  together  with  sodium  and  potassium  chlorides  and  potassium  sulphate. 

Blaaquett  e  comes  from  the  coast  between  Aigues-Mortes  and  Frontignan,  and  con> 
^tia  from  8  to  10  per  cent,  of  sixlium  carbonate.    Sali cor  comes  from  Narbonne, and 
tains  from  14  to  15  per  cent  of  sodium  carbonate. 
The  amoont  of  sodium  carbonate  in  kelp  varies  between  2h  and  6  per  cent. 
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diaimetenk — Sodium  carbonate  oocnn  in  the  maiket  na  ealciiied  soda,  or  lodi 
ash,  either  entirely  anhydrous  or  containing  but  little  vater,  and  as  crystala,  wUflh 
contain  10  molecules  of  water  of  crystallisation.  Crystallised  soda  forms  large  eolov- 
less  crystals,  belonging  to  the  klinorhombic  system.  •  Exposed  to  the  atmoephen  tfae 
crystals  become  opaque,  owing  to  loss  of  water  of  crystallisation,  and  at  last  cmmUe 
to  a  fine  powder.  Crystallised  soda,  heated  to  34^,  melts  in  its  water  of  crystaUitt* 
tion ;  subjected  to  a  still  stronger  heat,  after  parting  with  nine-tenths  of  its  witer 
of  crystallisation,  it  again  becomes  solid,  then  gives  off  the  remaining  water  of  071- 
tallisation,  at  last  melting,  and  upon  cooling  it  solidifies  to  a  oystalline  mass. 

Sodium  carbonate  resembles  Glauber^s  salt  (sodium  sulphate)  in  respeet  to  fti 
solubility  in  water,  and  deviates  from  the  general  rule,  inasmuch  as  the  solubility  of  Uie 
salt  does  not  increase  with  the  rise  of  temperature  beyond  a  certain  point.  Thegnstflit 
solubility  is  at  a  temperature  of  36^ ;  a  further  addition  of  heat  to  a  solution  of  ndioi 
carbonate  saturated  at  this  temperature  causes  a  deposition  of  some  of  the  silt  in  tbe 
solid  state.  The  following  table  gives  the  solubility  of  anhydrous  sodium  carb(natcii 
100  parts  of  water  at  different  temperatures : 


emp. 

Anhy. 

Temp. 

Anhy. 

Sod.  Garb. 

Sod.  Out. 

00 

6-97 

25° 

29-50 

100 

12*06 

80° 

87*24 

15° 

16*20 

38° 

61-67 

20° 

21-71 

104° 

45-47 

When  a  hot  solution  of  sodium  carbonate  is  allowed  to  cool  without  distoriiSBee^  ^ 
becomes  supersaturated— i.e.  the  liquid  retains  more  salt  dissolved  than  comtpoti^ 
to  the  low  temperature  of  the  solution.  Upon  agitating  a  solution  of  the  salt  in  tfaii  i(^ 
the  excess  of  salt  held  in  solution  is  suddenly  separated  in  crystals  containing  oA* 
7  instead  of  10  molecules  of  water  of  crystallisation. 

The  percentage  of  anhydrous  soda  contained  in  aqueous  solutions  of  the  salt  oste 
ascertained  firom  their  specific  gravity,  as  given  in  the  following  table  by  Oeriadw *■* 
structed  for  a  temperature  of  15° : 


Spec.  Qnr. 

Peromtage  of 
Sodium  Carbonate 

SpecOrar. 

Pttwatyrf^ 

1-0105 
10210 
1-0315 
10420 
1-0525 
10631 
10737 

1 
2 
3 
4 
5 
6 
7 

10843 
10950 
M057 
11165 
11274 
11384 
1                11495 

8 
9 
10 
11 
12 
13 

Fraparation* — ^The  method  by  which  sodium  carbonate  or  soda  is  now  duflif 
prepared  dates  from  the  year  1794,  and  was  introduced  by  Leblnnc;  it  involTW  tlaH 
distinct  operations : 

1.  The  conversion  of  sodium  chloride,  or  common  salt,  into  sodium  sulpbtte^O 
salt  cake,  by  means  of  sulphuric  acid. 

2.  The  conversion  of  sodium  sulphate  into  sodium  carbonate,  by  heating  silt  cds 
with  calcium  carbonate  and  carbon. 

8.  The  extraction  of  sodium  carbonate  from  the  black  ash  obtained  bytiw  bit 
operation. 

Several  other  methods  of  preparing  sodium  carbonate  have  been  suggestod  lA 
various  times,  but  none  of  them  have  yet  superseded  tliat  of  Leblanc. 

Fbom  Sodium  Sulphatb. — The  production  of  sodium  carbonate  in  this  wav  eoi- 
stitutes  the  second  stage  of  the  modem  process  of  soda  manufacture.  Sodium  sul^ibiti 
prepared  from  common  salt  by  Leblanc's  method,  as  already  described  on  p.  251,  ii  M^ 
verted  into  carbonate  by  heating  it  to  redness  with  carbon  and  calcium  carbonate^  lid 
the  product  thus  obtained  is  termed  black  ash  or  ball  soda. 

The  process  was  formerly  supposed  to  take  place  in  three  stages :  — 

1.  Seduction  of  sodium  sulphate  to  sulphide  by  the  action  of  charcoal: 

Na^O,   +   4C     =   Na^     +   4C0. 

2.  Mutual  conversion  of  sodium  sulphide  and  calcium  carbonate  at  a  red  heitiiAi 
sodium  carbonate  and  calcium  sulphide : 

Na^   +   CaCO,  «  Na,CO,   +   CaS. 
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S.  Oombuittum  of  calcium  solphide  with  lime  to  form  insoluble  calcium  oxy- 
nlpluda: 

2CaS  +  OaO  »  C&fifi. 

Ung«r  eoDiidefB  the  process  of  soda  formation  from  sodium  solphate  to  be  of  a 
man  complex  nature  than  that  aboye  given.  He  represents  the  process  as  taking 
place  in  the  following  stages : — 

1.  Conrenion  of  one-third  of  the  sodinm  snlphate  by  reaction  with  calcinm  car- 
bonate into  sodiom  carbonate  and  calcium  sulphate,  without  the  agency  of  charcoal : 

Na^04  +  CaCO,     =     NasCO,  +  CaS04. 

1  Reduction  of  the  remaining  two-thirds  of  the  sodium  sulphate  by  charcoal  to 
ndinm  nlphide : 

Na^O^  +   20     -    Na^  +  200,. 

Aceording  to  Unger,  this  reduction  is  efiected  not  only  by  the  carbon,  but  also  by 
BAKeot  hydrogen  produced  by  the  action  of  carbon  at  a  red  heat  upon  water,  and 
by  the  earfaonie  oxide,  produced  by  the  action  of  carbon  upon  carbonic  acid. 

3.  Mutual  conyersion  of  the  sodium  sulphide  and  calcium  carbonate  at  a  red  het.t 
into  ndimn  carbonate  and  calcium  sulphide : 

Na^  +   CaCO,    «    NajCO,  +   Caa 

4*  Formation  of  calcium  oxysulphide  by  the  action  of  steam  upon  calcium 
nl^id^  formed  either  by  this  reaction,  or  by  the  reduction  of  calcinm  sulphate  by 

4CaS  +   H,0     =     CaAO   +   H^. 

6'  The  lulphuretted  hydrogen  thus  formed  combines  with  caustic  soda  or  sodium 
f^i'^iffDalt  to  form  sodium  sulphide,  which  yields  with  calcium  carbonate  sodium 
cuhonate  and  caldum  sulphide,  etc. 

Kynaston  consideis  that  ball  soda  does  not  contain  calcium  oxysulphide,  but  only 
"^^^  carbonate,  calcium  sulphide,  and  limo ;  and  that  upon  dissolving  the  fiised  mass 
"'^  sohitances  react  upon  each  other  in  the  following  way : — 

!•  The  lime  and  sodium  carbonate  yield  calcium  carbonate  and  caustic  soda. 

2.  Ihe  caustic  soda  and  calcium  sulphide  form  sodium  sulphide  and  hydrate  of 

Kolb  likewise  questions  the  formation  of  calcium  oxysulphide  in  the  soda  process, 
^^'^og  to  him  the  process  is  as  follows : — 
1*  The  sodinm  sulphate  is  reduced  by  carbon  at  a  red  heat  to  sodium  sulphide : 

Na^O^  +  20    «    Na^  +  200,. 

^  lime  IS  formed  by  the  action  of  carbon  upon  calcium  carbonate : 

OaOO,  +   0  =  OaO  +   200. 

I.  Sodium  sulphide,  in  contact  with  excess  of  lime  and  carbonic  acid,  yields  soda 
•»«  iodinm  sulphide : 

Na^   +   OaO  +  00,  =  Na,0O,  +  CaS. 

.  .  According  to  Kolb,  the  calcium  sulphide  thus  formed  is  so  insoluble  in  water  that 
^^  Ulneceisazy,  on  account  of  the  insolubility  of  the  material,  to  assume  the  presence 
« ealdma  oxysulphide. 

Sodinm  thiosnlphate  is  always  formed  when  the  melted  material  has  been  a  long 
r^ia  contact  with  atmospheric  air,  and  bi'come  disintegrated,  the  metallic  sulphides 
"'^^thns  oxidised  to  tbiosulphatcs. 

.  &e  relatiye  proportions  in  which  the  ingredients  should  be  taken,  as  given  by 
^*Wane^  are  as  follows : — 


Sodium  sulphate 
Calcium  carbonate 
Oarfoon 


lOOU  parts 
1000 
660 


>• 


>» 


^^^•Mrally  there  has  been  but  little  deviation  from  these  proportions,  as  may  be  seen 
*■*■  the  following  table  given  by  Schourer-Kcatner,  as  representing  the  mixture  used 
•*  tin  diffarent  works. 


^^^  snlphate 
^nm  carbonate 


100 
107-7 
78 


100 

110 

60 


3 


100 
103 
61-7 


100  100 
97  6  115 
66-6!     36 


100 
121 
46-6 


100 

116 

68 


8 


100 
93-6 
40*4 


9 


100 
100 
40-3 


10 


100 
90-2 
421 


3^SS 


I    I    I    I 
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The  sodium  Gulphate  U  luad  in  the  Bnhjdroni  state,  ud  iton^  tob 

pngaible  from  Bodinm  chloride,  becaiua  (his  salt  vould  lender  the  aoda  tm 
Bodinm  Bulpbati'  uught  alio  to  be  free  from  szcesa  of  mlphuric  add,  and  I 
□lida,  which  is  apt  to  he  prodnced  vhea  the  Eolpluite  hu  bean  too  (4nn 
find  mntld  reniler  the  fniioD  of  the  nutsiial  more  difBcnlt. 

The  cnUiam  caTboDnt^  emplojed  ma;  tbtj  coDTeoieliUf  b«  in  tlie  ftci 
or,  where  that  is  cot  oUaiiuilile,  tnfaceou  limsatonr,  muachelkalk,  oi  Old 
Btaaa  mnj  be  taken.  The  chief  point  ii  to  have  the  calcinm  csrboolte 
poenble,  and  in  &11  cuae  it  ii  need  in  the  state  of  a  fine  powder.  Carbon 
in  the  form  of  coal,  with  as  little  silica  aa  paaaibU  vathe  ash,  so  as  toBTmd 
tion  of  Mlable  sodium  ulicato  which  would  pass  into  the  aoda  undecompaM 
of  insoluble  ailicata^ 
BOditun,  wbich  would  e 
of  sodium  carbonate. 
gaoeiallf  employed  id  < 

The  ■  balling'  ft] 
ployed  for  condncting 
tion  in  sodft  works  are 
toe;  ftunaces,  theooH 
which  is  Tsraecented  b 
and  148.  la  nuwt  b 
nacM  the  hearth  a  bed 
into  two  parla,  and,  •! 
fig.  MS,  the  h»Tth  neai 
le  lower  than  the  one  ta 
IL  Sometimes  tbeM  ' 
the  health  are  seponts 
another  bv  a  Inid^. 
fumacee,  the  chan; —  ■- 
upon  the  higher 
man  the  fire  ana  ii 
the  flame  from  the  loi 
After  the  lapse  of  abo 
the  mass  is  pushed  off 
hmrlh  on  to  the  loww 
the  reaction  begins,  am 
sequently  only  neeeisi 
the  mass  upon  this  n 
hearth.  A  furnace  of 
with  about  1 00  sqoan 
flcial  aroo,  where  the  nnitad  charges  of  the  two  heartha  amount  to  6  cwL, 
charging  takes  place  erary  hour,  yields  6  tons  of  raw  soda  per  34  hmm. 
small  fomacea  were  employed  which  were  succeeded  by  furnaces  of  latgcc  i 
which  have  asaiu  been  replaced  by  small  fumactfl,  for  the  reason  that  tl 
woe  not  eqaally  heated  in  the  larger  fnmiices. 

A  furnace  of  the  Idnd  ased  on  the  cootiaent  is  represented  by  flgs  1(0 
ii  the  ash  hole,  b  flre-ploce  with  horizontal  grata,  e  flro-bridge  Bopamti^  tli 
from  the  heaj^  (dd).  The  hearth  and  the  arch  above  it  are  built  of  firemel 
(e«)  conduct  the  liot  air  from  the  fumaee,  cither  diiect  into  the  ehimiMy(/ 


FiQ.  148. 


honzontHl  Sue  beneath  the  hearth,  from  then 


I  uudemeath   t 


flre-placo,  bc 

•□da.  The  stirring  operation  is  assiated  bj  aa  iron  roller  (i  ■),  before  si. 
which  an  iron  Btirrer  is  Uiii.  The  arch  is  furnished  with  three  opeoingf  I 
charging  the  fiirnace,  but  as  they  affect  the  solidity  of  the  masonry  of  thi 
are  often  left  out,  and  the  charging  is  then  effected  with  shorels.  The  otb 
ment  has,  howerer,  this  adTanlage,  that  the  mixture  is  preTiooslf  warn 
orer  the  furnace  vaulting. 


liqoid  mass  ii  frequently  stirred  with  tint  stirrer  (*).  The  termination  of 
tion  is  indicated  by  dimmtitioD  of  the  flames  of  carbonic  oxide,  which  atth( 
of  the  process  cover  thcsur&coof  the  entire  mass.  The  ball  soda  ia  thear^ 
the  furnace  with  the  rake  (a)  into  iron  boxes  mounted  on  wheels.  The  hM 
kept  up  until  the  flames  of  carbonic  oxide  hare  entirely  censed,  because  ii 
oxidation  would  take  place,  and  sodiam  sulphate  would  be  formed.    Too  h 
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•■An  mut  alio  b*  knudsd,  aapecUlI;  towarda  the  end  of  tlie  operation,  linee,  on 
Um  out  hud.  it  VDold  csQie  eontidenble  loaa  of  suda  bj  rolatiliaatioa,  ind  woold  alio 
km  llw  (Act  of  maidng  the  boll  soda  inpvie  by  the  doeompaaitioo  of  the  tn  elaj 
ftnuDg  th>  health  bj  ■odiom  cubonat«  and  the  fbrmation  of  ailicates. 


i*!gi.l5l,  1S2bim1  IS3  repreaont  a  soda  fHimace  of  unother  i»nstmcldon._    *^» 
l'aih[Mt,A'grate,Bfln  bridge;  cc  hearth  of  the  funi ace,  which  i«  about 


fife!4L.    f    ..:^lt& 

■■■IliHflHHiHHllHHIi^B^^^ 

1^                          ^n~ 

^^^^^bHIw 
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pofiUan  on«bloii  n  slitrer  thnirt  in  through  one  of  U»  doors  to  nAch  tlio  k^  on  tb 
other  aido.    kr  nra  oprniDgB  in  tho  aivli  of  tho  fiimiice,fuTDiiiliad  with  cut-iron  tnba 

Mwhidi  eeno  for  charging  tho  farnace.  ro  >»  fl<u 
tbroQgh  whiL-h  the  hat  sir  ftom  ths  ftuHBOe  puMa  ii» 
tlie  honiontjil  fine  {a"),  and  from  thence  either  unda 
pnasfocoTaporntiDgoruiideithuaur&cafiir  dijin^  com 
mon  unit  H  is  s  wcond  hearth  Miring  for  facsting  th 
mixture  prcnona  to  its  admiuioo  into  the  fnnuKO.  Th 
charging  and  moda  of  working  of  thia  fiimac*  ar 
nmiir  to  that  deacribed  in  the  one  previoualy  man 
Fm.  igg.  tioned.     A  furnace  of  thii  kind  jielda  every  24  boan 

dnnng   which  time  aix   opemdon*   are   carried    mil 
nearlj  0  tons  of  bull  soda  ot  36  alkalimetrioal  degreea. 

Some  aixla  famaca  are  built  in  such  way  that  the  hot  nil  Irom  the  ftinuM  ifta 
paaaing  the  aecond  hearth  ia  conducted  arer  pana  filled  with  aoda  liqnm  for  er^cMa 

Another  kind  of  soda  furnace  ia  that  witb  rotatory  hearth  inTent^d  by  EUicA  oa 
BnasBl,  and  improTcd  bj  Stephenson  and  Williamaon.  renreaentedby  Sg.  1A4.  Tbti  fn 
naee  differs  from  allformemodnfurnai-eBiiitmsreapect,  that  the  Btirrin|;  of  themafarid 
by  manual  laVnirisdiapenwd  with,  tno  etimng  operation  being  effected  by  maehiiMaj. 
ii  the  rotator}-  bisrth,  cooginting  at  a  cylinder  of  caat  iian  lined  internally  with  fli 
day.  Riba  or  rails  (a)  cast  on  the  cylinder  run  on  the  wheek  (c),  leeei-nng  motu 
from  the  driring  wheel  (o).  and  caneing  the  eyliodcr  to  rotate.  The  heatad  air  of  th 
fomacs  (o)  flpwa  throogh  the  opEoing  (e)  intii  the  cylinder,  and  paadng  thnngii  (r] 
reachee  the  arched  compartniBnt  (a),  nnd  ia  nrried  oShj  the  floe  (f)  into  ths  ctumnaf 
The  cylinder  is  charged  by  allowing  the  nuiteriale  to  fall  into  it  thion^h  an  <9«aia| 
(b']  from  a  small  iron  truck  (i)  through  the  hoppers  (h).  The  cylinderualKiemptiai 
through  b',  for  which  purpoao  the  cylinder  muat  be  so  turned  that  the  opening  is  belM 
A  i^linder  of  the  kind  is  generally  abont  IS  ft.  long  and  7  ft  in  diameter.  Ii 
Mder  tu  charge  it,  there  is  flntof  alt  thrown  in  aboat  8  ewt.  of  chalk  and  1  cwt  o 
CMl  or  charcoal  poirder,  the  cylinder  b«in((  thns  cansed  to  rotate  dowly  and  healai 
fbranbourandabalf.  TherotatJonJa  thenatopped,  andSjcwLofaodinrnmlpbatesni 
I  ewt  of  charcoal  are  added,  a^  the  cylinder  agun  canaed  to  rotate  slowly,  the  liaa 
'    "    '  "  ittsobeerfedthatthemaashaabegnn  tomelt,  whaoi 


brang  gradually  Inereaaed,  until 
rotation  is  given  to  the  ^linder 
operation  ia  over  the  melted 


begnn 
roTolDtion  every  throe  mil 
ont  at  ^  into  iron  trucka. 


The  nae  of  these  CTlindrical  fiimacea  effects  a  more  complete  and  qnider  d«ea» 
posiljon  (tf  the  materinlB  than  can  be  obtained  in  the  other  kiada  of  M&  fttmaM*.  It 
llie  same  time  the  (iiidiaing  action  of  the  atmospheric  air  is  avoided  which,  in  It> 
older  tbrma  of  ftirnacM  resulted  from  the  access  of  air  throogh  the  worki^  h«l» 
Moreover  the  cylindrical  funiBCfs  yield  thref  times  na  much  product,  and  as  tht  I" 
bricka  of  the  cylinder  do  not  suffer  from  raking,  aa  ia  the  cnae  in  the  hearths  of  i*lw 
kinds  of  fianacea,  the  cylindrirnl  furnaces  are  more  dumble.  Wagner  *•■ 
that  at  the  Jaoow  chemical  works,  where  formerly  only  one  rotatory  soda  ftua« 
wan  employed,  several  of  them  have  recently  b^en  erected,  which  apoJu  welliirtbaT 

Jd  ibnner  times  when  no  extensive  use  wns  mndo  nf  the  hydrochloric  aeidafW'i' 
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ii  Uie  pnpmtioD  of  sodium  sulphati'  from  common  aalt,  soda  and  sodiam  mlpbate 
hnam  nn  conDocteil  with  one  uaothei',  and  this  is  the  cb««  even  at  Che  progent  day 
■       -  .......    ^i^J^ 


ID  miM  plica.    Figs.  16S  and  IfiS: 


the  constrnction  of  afniuaceafthekiiMl 


Fid.  ISS. 

•  uuadinujBoda  fnnuice,  c  the  snlphate  fnrnace.  The  hot  air  from  the  ft 
(ijloviOTa  the  fire  bridge  into  thu  chainber  (b),  earning  tlie  raw  soda  inittt 
*M  ittluD  puaca  into  Oie  snlphate  chamber  (c)  and  throngh  tho  flues  (dd)  in 
limttj  {n').  Tho  mlphate  which  is  abtained  from  (c)  in  the  calcined  state  ii  • 
*"  — id  with  charcoal  and  calcined  carbonate,  and  bionght  into  the  bxI 


'Ai'he 


h«arthof  the  soda  foroace  (a)  is  10  fL  8  id.  long,  and  8}   ft  wide;  tha 


'■tlkoftlMnIphatefnniace(c)iallft.6in.loagaQdSft.Siii.wids.  Tbemlpbateftir- 
*M  ii  Aaigsd  time  times  witlun  the  space  of  2i  honrs,  making  an  entire  charge  of 


Min  twelve  operations  with  about  40  cwt.  of  oaldum  carbonate  and  22 
M*f  coal  or  chsTccwl,  the  nmonnt  of  ball  soda  produced  being  about  5S  cwt.  of 
>  II  ittiliinetrieal  dcgraes. 

.  CtaUMd  aodft  and  sntphate  furnaces  have  been  conitnictcd  with  three  divisions, 
tf^tAtlwODa  ftuthcst  &OID  tlie  fire  is  nscd  for  decomposing  the  salt  with  suiphurie 
■i^  Dm  Mst  ODe  fur  calcining  (he  snlphate,  the  last  or  partition  nearest  tlie  fin 
tifag  llw  Mda  ftunsce. 

ZiiMaMiM  and  Frrificiilii/n  of  Ball  Seda. — The  coroposilion  of  ball  soda  varies 
KOMdanblj,  and  it  depends  npon  tho  proportionB  of  the  mw  materials  taken,  and 
tbiwmjr  in  which  tJlo  pn>cc«  of  soda-making  in  carried  out. 

Aput  ftom  accidtntul  admixtures,  bait  ioiIh  hss,  iiccotding  tu  Wagner,  the  foUow- 
iigHmpodtioD: — 

Sodiom  carbonate  .  .        .  '      ,  .IS 

Cakinm  siilphids 30 

Caustic  lime 10 

Galdam  carbonate S 

Fonign  nbstancn 10 

The  pcnmtagc  of  Midinm  carlionate  in  bill  soda  is,  at  anj  rale  in  most  e^ses,' 
ItM  tku  4A  per  cmt. ;  but  it  fluctaates  mon  than  ia  indicated  bj  the  aualjsos,  and  ii 
MBWtimM  Im*  than  30  per  cent. 
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The  following  table  gives  the  re&nlts  of  three  anttlyees  by  Stohmann  of  ball  I 
from  the  Jarrow  soda  worlcB : — 


Sodn  prepared  in  an  oxdinazy 

BodanepH 

Ui  C3filllClQfl 

Sodium  carbonate        .... 

fumaoe 

funiMt 

44*41 

38*45 

48-27 

„       hydrated  oxide 

— 

317 

— 

„       sulphate 

1-54 

1-54 

1-06 

„       chloride . 

1-42 

1-75 

1-48 

Calcium  carbonate 

3*20 

_ 

7-52 

,,        oxfsalphide 
„        sulphide 

38-98 

36-91 

26-48 
0-88 

Lime  .... 

0*33 

0*61 

~^m 

Magnesia    . 

• 

0-10 

0-51 

0-10 

Alumina 

t 

0-79 

— 

0-73 

Ferric  oxide 

1-76 

2*40 

1-48 

Silica  (soluble)    . 

0*89 

1*36 

1-74 

Sand  . 

2-20 

1-16 

2-66 

Oarbon 

5-32 

6*43 

6-28 

Water 

6*71 

100*90 

100*00 

100-17 

The  object  of  the  lixiviation  of  ball  soda  is  the  separation  of  the  solablia 
tuents,  chiefly  sodium  carbonate,  from  the  insoluble  consdtuonts,  such  as  oald' 
sulphide  or  oxysulphide,  lime,  carbon,  etc 

If  the  melted  material,  when  removed  from  the  furnace,  were  to  be  allowad  to  a 
in  the  air,  a  number  of  changes  would  take  place,  causing  a  loss  of  soda.  It  has  bi 
proved,  for  instance,  that  by  contact  with  atmospheric  air  tht  eakimn  sulphide 
rapidly  oxidised  to  sulphate,  which,  in  lixiviating  the  ball  soda,  veaets  upon  psct 
the  sodium  carbonate,  forming  calcium  carbonate  and  sodium  snlphate.  A  tetl 
loss  of  sodium  carbonate  is  sustained,  even  by  allowing  the  ecu  material  to 
exposed  to  moist  airi  a  part  of  the  calcium  sulphide  being  oxidised  to  thiosalphs 
which  reacts  upon  sodium  carbonate»  forming  calcium  carbonato  and  sodium  thi 
sulphate. 

The  only  advantageous  process  of  oxidation  is  the  oxidation  of  sodium  sulphide 
thiosulphate.  But,  besides  this,  exposure  to  the  action  of  atmospheric  air  has 
favourable  effect  in  causing  disintegration  of  the  mass,  since  the  caustic  lime  ahsor 
water,  and  is  thus  converted  into  hydrate  of  lime — a  process  which  is  very  &.Toanl 
to  the  following  operation  of  lixiviation.  However,  since  calcium  sulphide  ai  idisM 
contact  with  moist  air,  forming  calcium  thiosulphate,  which  causes  loss  of  soda  1 
forming  sodium  thiosulphate,  the  material  should  not  be  exposed  to  the  actioB 
the  air  for  a  longer  time  than  is  necessary  for  its  disintegration.  Accozding  to  tl 
condition  of  the  material  and  the  atmospheric  moisture,  this  requires  from  3  to  6  daj 

In  addition  to  the  precautions  that  are  requisite  as  above  mentioned  in  order 
prevent  loss  of  sodium  carbonate  as  a  result  of  the  oxidation  of  the  calcium  sulpfaik 
m  the  ball  soda,  it  is  also  necessary  to  prevent  the  access  of  air  to  the  ball  soda  idd. 
it  is  at  a  high  temperature,  for  in  that  case  calcium  sulphate  would  be  formed  I 
oxidation,  and  in  the  subsequent  lixiviation  oi  the  ball  soda  a  proportionato  qvanlil 
of  sodium  carbonate  would  be  converted  by  reaction  with  it  into  so£um  sulphato  0 
this  account  it  is  customary  to  draw  the  ball  soda  from  the  furnace  into  sheeUn 
boxes  furnished  with  close-fitting  covers  and  mounted  on  wheels. 

Brtakina  up  of  the  Ball  Soda, — This  operation  is  sometimes  effected  by  allovni 
the  material  to  disintegrate  in  contact  with  moist  air,  or  by  treating  it  with  steam  ii 
a  closed  chamber.  However,  these  methods  are  not  suitable  for  large  quantitiei,  SB 
in  such  case  the  ball  soda  is  broken  up  into  pieces  about  the  sise  of  the  hand,  an 
then  ground  to  a  coarse  powder  between  mill-stones,  or  else  broken  into  pieces  aM 
the  size  of  small  nuts,  between  grooved  or  spiked  rollers.  Another  metnod  cosdsb 
in  stirring  the  melted  black  ash  as  it  comes  from  the  ftimace  into  the  crushed  iksf- 
ments  of  a  previous  charge. 

LixivicUion. — In  this  operation  the  soluble  substances  must  be  dissolved  oat  flo* 
the  crude  soda  with  as  little  water  as  possible.  The  use  of  too  much  water  vMdi 
involve  unnecessary  expenditure  of  time  and  fuel  in  the  subsequent  evai 
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nloAMin.  Od  thii  acojotit,  ttiMafore,  Che  liquid  is  npeuUdly  branght  bU  eontaot 
*ith    fieih  poitioDa  <^  matBriul,  «i>  (U  Ui  make  it  full;  tatuiKtM. 

Haid  and  diffiealtl;  itolnble  b&ll  soda  lequirea  to  be  liziviated  with  hot  VHler; 
UC  titt  ttmpenttare  ibonld  not  exceed  35°,  otherwise  calcinm  Hulphide  ceocM  upOD 
Hdlnm  csrbonftte  to  form  eodlnm  nUphide  and  calciom  coTboDBto 

A,  liiiTiatiiiff  apparatus  ia  repreennted  bj  flg.  157-  It  cuDfliate  usnallj  of  &om  12 
UI4    rectkognlu  lion  tanka(^B,c,  D,  a),  pUctid  in  Bt«ps,  <         ' 


one  above  the  o 


Fio.  ler. 

TIm  otfannod,  tank  ia  of  caat  iron,  and  twice  aa  large  aa  t,ny  ot  the  others.  It  U 
MTn—etod  with  tils  next  tank  b;  a  tube,  the  mouth  of  which  tsrmiaatee  about  8  incbea 
sbOTW  its  bettom,  and  each  of  the  other  tanks  baa  a  similar  commusicatian  with  its 
■■■Umr;  so  thikt  a  liquid,  poured  is  at  l,  pasus  out  eveatoall;  from  b  into  f. 

«ia  ontflow  ^pea  laaj  b«  replaced  by  Uie  coatrirance  represented  in  section  and 
I'f  VB'  IS8;lt  cotuistJOf  a  clunnal,  open  aboro  and  be]o«,  aad  the  upper  endtei- 
11— ting  abore  the  level  of  the  liquid,  the  lower  end 
KMlnit  to  within  S  in.  of  the  bottom  of  the 
tank.  1^  liqtiid  of  the  lank  (*)  nuMa  into  the 
(bund  tt  tb*  lower  end  (a'),  and  tlewa  out  at  the 
^t^ttni  <*").  into  the  second  link  (b),  whence 
■tWM  thnmgb  a  siiBilsr  channel  (b'b")  into 
tbsfaOsni^  t^k,  and  so  CO  to  the  last  one. 

Iliek)«««t  tank  (n),  flg.  1S7,  communicates  in 
^naiHt  with  eil  wide  sheet-iran  tanks  (f  f^, 
'■^  ^Mh  two  only  are  ahown  in  the  drawing. 
^iXN  Uaks  are  called  the  dwring  or  eett,ling 
<*>!'■  "Duj  are  all  at  the  same  IctcI,  and  they 
^°*au>cale  with  each  other  bj  meana  of  a  tabe 
P*^  1  incbea  below  the  upper  rim.  They  are 
■■{lud  hf  BSM*  of  a  aif^oD. 

lbs  IcriTialiiig  operation  ia  conducted  na  Fol- 
■"■^bU  soda,   broken  into  imaU    pieci>e,    ia  FlQ.  158. 

W  ii  psrfomted  metaUic  boiee  (es,  dd.  ctr.), 

J™  >fe  Tdssels  (i,  B,  c,  n,  a],  hsTJcg  bern  preriouily  filled  with  water,  a  eonpls  of 
~'*  Wfomted  bioin  are  hung  in  the  filK  lixiviating  tank  (b)  by  a  bar  thnuit 
'*<*n  their  handlet.  After  the;  have  remained  there  for  25  or  30  minutes,  thej 
**V(liontaid  placed  in  the  tank  (n),  a  couple  of  freah  boxea  Ixnng  at  the  same 
^WipeuJtil  in  a.  Thie  operation  ia  continued  at  regular  inlerrale  ;  ao  that  in  the 
"'*'*•  aaboQt  8  hours,  when  14  lixiviating  tanks  are  used,  the  first  boxes  («'e',  ee), 
1*twinf  the  raw  oi  ball  soda,  are  suapended  in  the  Inrgo  tank  (a),  having  by  this 
"••pwed  Ibrough  all  the  other  lixiviating  lanka,  while  the  boxes  (//)  are  taken 
'*' wd  placed  ddod  an  inclined  board  (i)  to  drain  into  the  tank,  Afi;«r  about  half 
"  lUdr  the  residua  ia  removed  from  theae  latter  bozee,  and  placed  in  trucks  tar 
"■enl  from  the  works,  while  e'r^  take  the  place  of /^^  ee  the  place  of  e'c',etc.,a 
""^  rf  &eah  boxea  being  then  fiigpcndMl  in  K.  Each  time  this  ia  done,  a  quantity  of 
*"  *'    louble  the  volume  of  Boda,  ieponrtd  into  the  tank  (*).  The  water  displaces 

T  at  the  'lOttom.  and  CHOeeB  it  to  flow  into  tiio  following  tank  (b).  and 
kTJ  liqnop  from  il  into  the  next  tank  (c),  nnd  so  on  nntil  an  almost 
solution  ia  found  in  the  settling  tcbbi'1  (p  f').  After  the  moclianical  impnri- 
id  id  the  nettling  tanka,  the  liqnor  ia  drawn  off  into  the  oraporating 
flg.  Ifig,  page  266). 
tdioi:     ■      ■   ■ 


&tt 


*Wwing 


'e  boxes  to  hold  a  charge  of  2  cwt.  of  crude  soda,  and 
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they  are  freshly  charged  every  half-hour,  a  lixiviating  apparatus  of  16  tanb  woold  (w 
capable  of  lizivatiDg  4}  tons  of  raw  soda  in  24  hours. 

Instead  of  this  form  of  apparatus  another  is  sometimes  used,  in  which  the  lizm- 
ating  tanks  are  twice  as  long,  and  divided  in  the  middle  by  a  double  partitioD  into 
two  equal  parts,  a  couple  of  perforated  boxes  containing  crude  soda  being  placed  in 
each  division.  The  liquid  flows  out  of  the  first  division  of  the  first  tank  througli  an 
aperture  near  the  bottom  of  the  first  partition,  rises  in  the  space  between  it  and  the 
second  partition,  and  flows  through  an  opening  in  the  upper  part  of  the  second  parti- 
tion into  the  second  division  of  &6  tank,  from  whence  it  passes  into  a  seoond  tank  of 
the  same  kind,  etc.  The  liquor  is  heated  by  steam  pipes  passed  between  the  doable 
partition. 

Another  method  consists  in  placing  the  crude  soda  upon  a  perforated  ehelf^  abovt 
8  inches  from  the  bottom  of  the  tanks,  instead  of  putting  it  into  perfozated  boxes  or 
baskets. 

Schank's  lixiviating  apparatus  is  especially  suitable  for  lixiviation  on  a  laige 
scale,  and  consists  of  a  row  of  4,  6,  or  8  sheet-iron  tanks,  each  having  a  deptih  of  ^ 
ft.  and  a  height  of  6^  ft.    Near  the  bottom  of  each  tank  is  a  prafonfeed  ahel^ 
•The  first  tank  communicaties  with  the  second  by  means  of  a  tube,  bent  at  ri^t  an^k% 
one  end  of  which  terminates  near  the  bottom  of  the  first  tank,  while  its  other 
extremity  terminates  in  the  upper  part  of  the  second  tank.    All  the  other  tanks  an 
connected  together  in  like  manner.    A  cock,  placed  above  each  tank,  supplies  water, 
while  another  cock,  placed  between  the  perforated  shelf  and  the  bottom  of  each  tank, 
serves  for  drawing  off  the  liquor.    A  system  of  four  lixiviating  tanks  is  generally  so 
arranged  that,  when  the  fourth  tank  is  charged  with  fresh  crude  soda,  the  third  tank 
contains  soda  that  has  been  once  lixiviated,  the  second  soda  that  has  been  twiee  lixi- 
viated, and  the  first  soda  almost  entirely  lixiviated.    Fresh  water  is  run  into  the  first 
tank,  passing  from  it  into  the  second  tank,  and  so  on  to  the  last  tank.    After  having 
been  allowed  to  stand  some  hours,  the  liquor  is  drawn  off  from  the  last  tank  into  the 
settling  tanks,  and  during  this  operation  the  communication  between  the  first  and  last 
tank  is  interrupted.    So  soon  as  the  raw  soda  in  the  first  tank  is  oomfdetehr  fisiviatsd, 
the  tank  is  emptied  and  charged  afresh  with  raw  soda.    Fresh  wat^  is  then  nm  into 
the  second  tank ;  from  there  into  the  fourth  and  last  tanks ;  then  into  the  first  tuk 
containing  the  fresh  crude  soda,  and  then  the  highly  concentrated  liquor  is  dzawn  off 
into  the  settling  vessels,  during  which  operation  the  communication  between  the  first 
and  second  tanks  is  intermptod.    This  method  of  proceeding  secures  a  methodieal 
lixiviation  of  raw  soda  without  it  being  necessary,  as  in  the  other  forms  of  appantoi, 
that  the  soda  should  be  moved,  thus  saving  considerable  manual  labour.    jBesidfli 
this,  the  apparatus  yields  a  clearer  lye,  and  the  cost  of  the  apparatus,  as  well  as  the 
wear  and  tear,  are  less  than  in  the  forms  of  apparatus  formerly  used. 

The  liquor  obtained  has  a  specific  gravity  vaiying  between  1*178  and  l'2U, 
according  as  a  hard  or  soft  kind  of  raw  soda  has  been  lixiviated. 

QmoentraHon  qf  the  Liquor, — This  operation  is  carried  out  in  iron  pans,  bested 
either  from  beneath  or  by  passing  over  tliem  the  hot  air  from  a  reverberatoiy  fbnsm. 

The  liquor  contains  besides  sodium  carbonate  vaiying  amounts  of  common  salt^ 
sodium  sulphate,  caustic  soda,  etc.    Upon  evaporation  tolerably  pure  sodium  earboosta 
(NasCO,  +  H^O)  separates  first,  while  that  subsequently  deposited  is  less  pore.    By 
removing  the  first  deposit,  and  continuing  the  evaporation  while  adding  fresh  liquor, 
a  deposit  is  obtained  of  nearly  pure  soda,  containing  96  per  cent,  of  sodium  carboDSte, 
until  the  operation  has  been  continued  so  long  that  the  foreign  substances  are  coooeift* 
trated  in  the  mother  liquor  to  such  an  extent  that  thev  are  deposited  together  with  tlie 
sodium  carbonate.    When  this  point  has  been  reached,  the  mother  liquor,  contsinine 
only  very  small  quantities  of  sodium  carbonate,  is  removed,  and  the  pans  are  chaiged 
again  with  firesh  liquor. 

An  evaporating  apparatus,  in  which  the  hot  air  from  the  furnace  serves  to  hest 
and  partly  evaporate  the  liquor,  is  represented  by  figs.   159  and  160.    The  pans 
(o,  H,  I,  J,  k)  are  heated  by  the  hot  air  escaping  from  the  furnace  (t^    The  soda 
liquor  passes  from  the  settling  tanks  first  of  all  into  the  pan  (o)  ;  fi;om  thenoe  isto 
(h,  I,  etc.),  the  temperature  constantly  increasing  until  concentrated  liquor  pa««  ia^ 
the  pan  (x),  heated  directly  by  the  fire  (t),  where  cirstals  of  sodium  carbonate  sis  at 
once  deposited.    The  first  portions  of  the  deposited  salt  are  somewhat  import  t(» 
containing  the  insoluble  constituents  held  in  suspension  in  the  liquor.    The  fbDofiBg 
portions  are  pure,  and  are  taken  out  from  the  pan  as  soon  as  depcMiited  by  mttM  ^ 
perforated  ladles,  and  laid  to  drain  upon  a  wooden  strainer  lined  with  lead. 

The  forms  of  the  pans  used  in  evaporating  the  lyes  vary  considerably.  SoBM^*" 
rr>ctangular  and  oval  pans  with  a  flat  bottom  are  employed,  and  sometinies  ofsl  P^ 
with  a  round  bottom.  The  pans  are  heated  either  by  a  special  fire,  or  bj  the  Iio(  ^^ 
escaping  from  the  reverberator/  soda  furnaces.    The  liquor  is  passed  dinctlly  ftoB  ^ 
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Amng-ntmlM  uto  the  puu,  heated  u  qnioklj  as  posaibla,  and.  is  soon  u  depoailion 
«  •oda  btgiot,  (tUTsd  to  prexant  the  soda  burning  to  a  hard  cake  upon  the  bottom 
at  tlia  pu.    Vhau  •  nificieDt  quantity  of  deposit  has  bean  formod,  it  is  remoTBd  by 
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Fio.  leo. 


Mkw,  and  wther  laid  apon  strainers  or  upon  oa  inclined  shelf,  so  that  the  mother 
bnor  dnina  back  into  Uie  evaporating  pan.  A  mora  useful  kind  uf  pan  is  furnished 
witk  ft  poon  round  llie  lids,  «here  the  temperature  of  the  pan  is  not  so  great.  The 
■oatad  Md&  is  laked  by  the  workman  iulo  this  groove,  and  when  it  is  ftilt  the  salt 
It  with  a  perforatad  ladle  haring  a  fi>rm  corresponding  to  lEie  sliape  of  the 
ffmm,  tM  deposit  being,  u  before,  laid  on  strainers  to  drain. 

In  proportion  •■  the  level  of  the  liquor  in  Uie  pan  aoks,  owing  to  ihu  removal  of 
tha  alt,  fNah  liquor  is  ran  into  the  pSD.^ 

Atcot  inptstant  method  of  ersporatioo  ie  that  in  which  the  hot  sir  from  the  black 
■ah  or  balling  fomace*  is  made  to  pass  orer  the  surface  of  the  liquor  in  the  evapont- 
i^  pans  (vUt  p.  3St).  Ibis  method  of  eraporation  admits  of  being  adapted  to 
artiy  aoda  fniiuKe.  The  method  adopted  in  the  case  of  the  otdinaiy  furnace  has 
baan  deaeribad  on  p.  280 ;  that  adopted  in  the  cose  of  the  cjlindrical  furnace  on 
f.  300,  ta.  IM,  in  which  o  is  the  pan  space  through  which  the  hot  air  from  the 
^indar  u  made  to  psai  over  the  surface  of  the  pan.  This  method  of  evaporating  the 
hqnor  hoa  many  advanta^ae  over  llioae  above  described ;  for  without  taking  into 
aeeoont  the  fact  tliat  fuel  is  spared,  it  is  clear  that  the  work  and  attention  required 
ih  OS,  by  bsating  from  above,  no  danger  is  incurred  of  the  Soda  burning 
Bendea  this,  it  is 
n  the  caao  of  pans 
niwi  nom  onwau. 

Dind  hmtinff  ijfllte  Lye  to  drj/nai, — This  method  of  treating  mother  liquor  yields 
(|ndiet  containing  all  ti>e  constitaentB  of  the  black  aeh.     The  operation  is  carried  out 
»{flg.  161),  the  hearth  (s)  of  which  is  mmle  of  flre  bricks, 


'Wvliidi  aUiiek  eoatdng  of  sodium  citrbonate  (t)  is  well  rammed,  so  as  to  prevent 
l^li<t«ar&TRn  coming  into  contact  with  the  bricks.  Tbefuel  bnmt  in  the  furnace  (u)  is 
oil;  HBon  OS  the  fomace  has  become  thoroughly  red  hot,  the  liquor  is  ran  out  of 
lb  ;tt  (a)  thmn^  the  cock  (b)  by  a  cast-iron  tube  paaaing  through  the  arch  of  the 
^>H(B,«o  to  the  hearth  (s).  Upon  the  liquor  comingin  contact  with  the  hot  layer  of 
*>^ipai  the  hearth,  a  lively  ebullition  takes  place,  tlie  moss  froths  up  and  soon 
^''"^   Conatant  stirring  is  reqni  si  to,  partly'  in  order  to  accelerate  tJie  drying,  and 

CJtOtwdar  the  soda  pulverulcut.     fio  soon  as  a  large  quantity  of  dry  salt  has 
pndMad,  the  flow  of  liquor  is  interrupted  by  closing  the  cock  (a),  the  suit  is 
^end  bam  tlie  famace.  and  the  operation  recommencod. 

lbs  empodtion  of  sola  ash  thos  avaponitod  to  dryness  varies  conaiderablyi   tlie 
"levng  labia  pni  llie  result  of  two  analyses  of  snch  soda  by  J.  Brown. 
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>H)dium  carbonato  . 

Hydrate  of  soda  (caustic  soda) 

Sodium  sulphate    . 

sulphite 

thiosulphate 

sulphide    . 

chloride 

aluminate . 

silicate 
Insoluble  matter    . 


» 


i> 


If 


H 


If 


I. 

68007 
14*433 
7*018 
2*231 
traces 
1*314 
3*972 
1*016 
1030 
0*814 


U. 


65*618 

16072 

7*812 

2134 


100*735 


1*643 
3-863 
1*283 
0-800 
0-974 


09-941 


The  salt  is  next  calcined  in  order  to  conrert  sodium  sulphide  into  sulphate, 
part  of  the  caustic  soda  into  sodium  carbonate,  as  well  as  to  secure  the  destnictioii 
organic  matter,  and  to  render  the  salt  anhydrous.    For  this  purpoee  it  is  heated 
a  reverberatory  furnace  fed  with  coal,  care  being  taken  to  stir  the  mass  ooostaDtly, 
as  to  renew  the  surface  exposed  to  the  hot  air.    The  mass  is  heated  until  it  b^ 
cohere,  but  not  until  it  melts,  in  which  case  it  would  attack  the  houth  of  the 
and  bo  rendered  impure  by  the  formation  of  sodium  silicate  and  aluminate.    The 
lowing  table  gives  the  results  of  two  analyses  of  calcined  soda  ash  by  J.  Brown. 


a 
of 

k 

to 
to 


I. 

n. 

Sodium  carbonato  . 

Caustic  soda  . 

Sodium  sulphate    . 

„      sulphite     . 

1       „      chloride     . 

„       alumiuato  . 

,       „      silicate 

'  Insoluble  matter    . 

•^ 

71-614 
11-231 
10-202 
1*117 
3051 
0*923 
1042 
0-316 

70-461 
13*133 
0*149 
M36 
4*279 
0-734 
0*986 
0-464 

1 
1 

99-496 

100*341 

In  order  to  convert  the  ciustic  soda  into  sodium  carbonate,  the  soda  ash  is  miisl 
before  calcination  with  finely  pulverised  charcoal  or  with  sawdust,  and  the  oubanie 
acid  yielded  by  these  substances  during  the  calcination  combines  with  the  caustiesodi 
to  form  sodium  carbonate;  for  this  reason  the  operation  is  termed  car  bona  ting* 

To  obtain  soda  crystals,  pure  black  ash  is  first  of  all  prepared,  as  little  charcoal  p(nr- 
der  as  possible  being  added  in  the  balling  operation,  to  aeenre  as  complete  eooTtf- 
sion  as  possible  of  the  caustic  soda  into  sodium  carbonate.  The  addition  of  ndt^ 
more  chalk  than  usual  is  also  advantageous  for  the  more  complete  conversion  of 
sodium  sulphate  into  carbonate.  The  ball  soda  obtained  is  lixiyiated  in  the  usualvsyi 
and  the  black  ash  liquor,  concentrated  to  sp.  gr.  1  -267,  is  then  nn  into  crystalliaDg 
vessels,  which  are  from  three  to  six  fiset  long,  one  and  a  half  wid^  and  ten  to  thiitMH 
inches  deep. 

When  the  liquor  has  thoroughly  cooled  crystallisation  commences,  and  it  goas  oo 
more  rapidly  the  cooler  the  surrounding  atmosphere.  On  this  account  the  prepintioD 
of  soda  crystals  is  very  conveniently  performed  in  winter  time. 

When  the  crystallisation  is  complete,  the  mother  liquor  is  run  off  by  drawing  o«t* 
plug  fixed  in  the  bottom  of  the  crystallising  vessel,  and  having  a  handle  extendioig  sbov* 
the  level  of  the  liquid.  The  crystals  are  then  detached  from  the  sides  of  the  eej^ 
lising  vessels  with  the  aid  of  a  chisel,  and  are  placed  upon  strainers  to  drain.  tVf 
are  usually  somewhat  impure  and  discoloured,  but  answer  for  many  purposes.  ^^^ 
pure  soda  crystals  are  required,  the  salt  is  again  dissolved  in  hot  water,  mixid  vft^ 
x^th  part  of  its  weight  of  lime,  which  forms  calcium  carbonate,  and  carries  dovB^ 
it  the  mechanical  impurities  contained  in  the  solution.  After  the  liquor  thtf  ^ 
taiucd  has  become  quite  clear,  it  is  run  into  crystallising  vessels,  placed  m  a  oooip^ 
tion,andas  soon  as  the  crystallisation  is  complete -the  crystals  are  taken  out,  dniot^^ 
prfcirated  troughs  lined  with  lead,  and,  after  having  been  left  for  a  short  time  to^ 
in  the  air,  they  are  packed.  If  left  too  long  exposed  to  the  air,  they  efBuiMBf  ^ 
become  dull  on  the  surface,  owing  to  loss  of  water  of  crystallisation. 
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SODA  CETSTALS.  M? 

I  *n  attaa  meatitd  teom  loda  nth  that  boa  been  miiad  witli  a.  small 
t  pDlTenasd  charcosl  and  calcined  fot  the  purpose  of  coBTerting  the 

Mdium  ou^nate.    The  raldDed  maw  ia  disgolTed  in  boiling  vatai 
■  heated  bf  pswng  Bt«(ua  into  the  liquid  until  a  eolntion  u  obtained 

nsTi^of  1'31S;  thii  iirun  into  EettJin^  veuelH,  and  whan  dear  eva- 
fegraYitfof  I'SfiB  to  l'2eT.  and  then  run  into  the  OTTsUlliBiDgTesBBla, 
nXM  or  pan*,  preference  being  now  gencrall;  giten  to  the  pajia. 
MUiu  organic  substance  the  liquor  i>  treated  with  bleaching  powder, 
.t  n  cmtalliae,  and  during  this  operation  it  most  not  be  ajlovtd  to 
itharviw  loma  aodiaiD  carbocate  would  be  precipitated. 
MM  «oA  of  detaching  with  a  cbisel  thesaaa  crjel^e  lining  vewela 
by  [dncing  the  boxes  from  which  the  mother  liquor  has  been  run  off 

ein  be  filled  wiUi  boiling  water,  so  that  the  erjst&ls  adhering  to  the 
dxw  an  melt«d  and  thua  detached. 

to  ba  ued  in  the  manufacture  of  wbite  glass  ia  again  ealcJned.     The 
ima  the  results  of  analjieeB  bj  Brown  of  soda  a^  befora  and  after 


CrjitdUSHd  Sodi 

■naicalciiuitlnii 

I. 

n. 

L 

11. 

aU 

38-476 
0-843 
0-424 

S2-167 

SS'931 
0-S42 
0-314 

63-313 

98-120 
1-076 

0-742 

07-9S4 
1-124 
0-663 

100000 

100-500 

BB-93B 

90-671 

,  being  tolerably  pure,  may  be  coarenieatly  used  for  preparing  chvmi- 
aeubonate,  for  which  purpose  it  is  only  necessary  to  dissolre  the 
«l8r  and  allow  tlie  solution  to  ci^tbitttse  in  a  cool  place.  The  opera- 
iBtU  the  crystals  produced,  when  diisolTed  ia  water  made  sliehtly  add 

MMe  to  give  a  reaction  with  allfer  nitrate  (chlorine)  or  with  barium 
.cadd). 

od  of  preparing  todinm  carbonate  &om  sodium  snlphate,  and  at  the 
■ring  the  sulphate,  consiits  in  hooting  the  sulphate  to  rednees  in  a  re- 
aeat<^ether  with  ferric  oiido  and  carbon,  allovina;  the  product  thus 
iterate  in  a  moist  atmosphere,  rich  in  carbonic  ncid,  liiiriatiug  with 
mrsrting  the  andissolred  residue  of  forroua  snlphide  into  ferric 
g  i^  the  sulphurous  acid  thus  produced  being  nsod  for  preparing 

Kcpp  assumes  the  following  chemicnl  cliaagcs  to  take  place  : — 
il|mte,  ferric  oxide,  and  carbon  yield  when  heated  to  redness  a  double 
m  and  iron,  as  well  as  carbonic  oiidc  and  carbonic  acid : 
0,  +   2Fe,0,   +   IBC     -     Fe,Na^,  +    liCO   ^ 
and  ii 


■    2C0,. 


■iaing  less  scdini 

'eJlaA  +   20   ■*   2C0,     =     Fp.Na^,  +   2Na,C0,. 

mud  Fe,KaA  yields  upon  roasting  ferric  oxide,  eodinin  sulphate,  and 

Vt^Stfi,  +  140  -  3Fe,0,  +  Na^O.  +  280^ 
'Kopg,  12a  pBXiM  of  soilium  stUpbate  are  mixed  with  SO  parts  of  ferric 
■U  of  charcoal  po-wder,  the  mixture  bring  hcalfd  in  tin  ordinary  balling 
bM  aaanmed  the  coriBiBtency  of  a  thin  dough.  It  is  then  taken  out 
do)  in  well-closed  iron  boxes.  The  blocks  wlien  cold  arc  placed  on  a 
Ikambar  furnished  with  draught  holes,  into  which  chamber  moist 
a  ia  passed  from  beneath  the  ban  of  the  grating.  The  carbonic  acid 
■raing  coke,  and  before  the  gas  reaches  the  bats  of  the  grating  sup- 
ca  it  is  moistened  by  being  passed  tlirough  tubes  wctt«l  intenuktly  and 
id*.  The  effect  of  the  moistened  carbonic  aeid  upon  the  blocks  is  to 
Uibla  and  fall  down  between  the  bats  of  the  grating,  where  they  are 
tlUlM  pvtions  of  carbonic  acid.    The  cramblmg  of  the  btoelc*  and  th« 
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c<)iiscquent  separation  of  tbu  disintegrated  portiom>  from  tbo  solid  blocks  ii  of  gnit 
importance,  inasmuch  as  un  ignition  of  the  entire  mass  would  otherwise  be  apt  to 
occur.  The  disintegrated  mass  is  separated  with  sieves  from  the  siliceous  fngjiaH 
firom  the  furnace,  and  lixiviated  in  the  usual  way.  This  process  when  properljflOB- 
ducted  yields,  upon  evaporation  of  the  crude  soda  liquor,  soda  ash  oontaining  m  meh 
iis  95  per  cent,  of  sodium  carbonate. 

The  residue  from  the  lixiviation  consists  chiefly  of  ferrous  sulphide.  It  iseite 
dried  and  further  operate-.!  upon  in  this  state,  or  made  into  bricks  by  the  aid  of  pnMK 
In  cither  case  it  is  eventually  roasted,  and  the  sulphurous  add  evolved  condnetod  irio 
kwlen  chambers  for  making  sulphuric  acid,  wnich  is  used  for  converting  finA 
quantities  of  common  sjilt  iuio  sodium  sulphate.  The  residual  ferric  oxide  frontk 
incineration  of  the  ferrous  sulphide  is  again  used  for  converting  sodium  sulphate  iilo 
carbonate.  Since  the  ferric  oxide  thus  obtained  is  always  contaminated  with  thi 
sulphates  of  sodium,  calcium,  and  magnesium,  it  is  best  to  wash  it  with  water  befin 
using  it  again  for  the  conversion  of  sodium  sulphate  into  carbonate,  in  order  to  ntnrt 
the  sodium  sulphate,  and  then  with  dilute  hydrochloric  acid,  which  removes  the  mlphiM 
of  calcium  and  magnesium.  Thus  treated,  the  ferric  oxide  is  available  for  on  ftr  i 
very  considerable  length  of  time. 

Pelletan*s  process  consists  in  converting  sodium  sulphide  dissolved  in  wstsr  into 
carbonate  by  passing  carbonic  add  into  the  solution : 

NajS  +   CO,   +  H-O     -     NaXO,   +   HJS. 

For  this  purpose  sodium  sulphate  is  reduced  to  sulphide  by  heating  it  with  chiioiU 
the  ppxluct  is  lixiviated,  and  carbonic  acid  passed  through  the  liquor  obtained.  Tis 
sulphuretted  hydrogen  ^nven  off  admits  of  being  again  treated  for  sulf^nrie  addliy 
parsing  it  through  ferric  oxide.  Ferrous  sulphide  is  thus  formed,  which  if  thai 
roasted,  and  the  sulphurous  acid  is  conducted  into  lead  chambers  for  convenioo  tas 
sulphuric  acivl.  Klemm  and  Bohringer  bring  the  sulphuretted  hydrogen  into  eoitort 
with  sulphurous  acid,  by  which  means  sulphur  is  deposited  in  the  free  state : 

SO,  +   2H.S     =     3S  +   2H,0. 

This  method  has  this  disadvantage,  that  in  consequence  of  the  formatioB  m 
polysulphidps,  which  are  difficultly  decomposed  by  carbonic  add,  the  soda  obuisid  tf 
contaminated  with  sulphur. 

AVilson  decomposes  sodium  sulphide  liquor  by  boiling  it  with  doable  iota 
carbonate ;  Bower  by  dicresting  it  with  amm'^iium  carbonate,  in  which  proeeii  H*" 
bonate  of  sodium  is  obtained  <iTid  ammonium  sulphate  as  by-product. 

Sodium  sulphide  may  also  be  decomposed  by  boiling  it  with  hydrate  of  alnnpli 
which  is  obtained  as  a  by-product  in  the  T>rep>aration  of  soda  from  cryolite.  Sodi« 
aluminate  is  thus  formed,  and  sulphurette*!  hydrogen,  which  is  absorbed  by  feme csiii 
and  used  for  preparing  sulphuric  acid.  The  sodium  of  the  sodium  aluminate  i>  th* 
converted  into  carbonate  by  treating  the  liquor  with  carbonic  add. 

Pruckner  decompoeies  sodium  sulphide  solution  with  cupric  oxide,  by  which  ntf* 
a  precipitate  is  formed  consisting  of  cupric  sulphide,  the  residual  liquor  consisting  of  J 
faolution  of  Ciiustic  soda.  The  cupric  sulphide  is  roasted  to  obtain  sulphurous  acidtfi 
sulphuric  acid,  while  the  caustic  sck!.-!  is  mixed  with  sawdust  and  the  BUitM 
calcint'd,  »>  as  to  convert  the  caustic  soda  into  sodium  carbonato.  The  cupric  nlr 
pkiteis  again  treated  for  cupric  oxide. 

A  method  proposed  for  converting  sodium  sulphate  into  carbonate  by  acCiiigip* 
it  with  barium  iMrlonato  failed  on  account  of  the  difficulty  experienced  in  efiectiigtiii 
deo.impositii.)n  eiihcr  in  the  moist  or  dry  way.  Another  m(*thod  proposed  bj  WagB* 
consisted  \n  usiu^  barium  bicarbonate,  or  a  mixture  of  it  and  the  simple  caiUiB^ 
obtained  by  passing  carbonic  acid  into  water  containing  barium  carbonate  in  Mp*" 
sion.     This  also  has  pir>rcd  unsuccessful. 

Caustic  baryta  is  at  present  too  desir  for  the  purpi>se  of  converting  sodium  snlpUto 
into  carlonate,  although  the  docompctsition  is  very  complete. 

Ungerer  describes  a  method  of  preparing  soda  in  which  caustic  strontia  is  Mup^J*^ 
for  converting  sodium  sulphate  into  carlK>nate.     This  method  is  worth  notice  on ) 
of  the  fact  that  both  the  sulphuric  acid  of  the  Glauber  s  salt,  as  well  as  the 
etr«»ntia  employed  for  the  decomposition,  admit  of  being  again  used.     A  si 
solutiou  of  ammonium  sulphate  is  mixed  with  its  ci^uivaimt  of  common  salt  and  d^i 
mixture  boiled  for  a  short  lime.    The  hot  solution  deposits  so-Jium  sulf^iats,  wWeh' 
removed,  and  the  residual  liquor  when  sufficiently  cooled  deposits  sal  ammonitf,  •"* 
is  likewise  removed.    The  mother  liquor  is  then  boiled  down  and  yields  a.  second  < 
of  sodium  sulphate.    The  sodium  sulphate  is  dissolved  in  water  and  tiwtsd 
caustic  strontia ;  strontium  sulphate  is  thus  precipitated,  while  caustic  soda  m 
•olntioD,  and  istroatcd  with  carbonic  acid  to  form  sodium  carbonate.  Ammryinwn 
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obtained  bj  deeomposing  ammonium  sulphate  with  common  salt,  is  then  heated 
to  redness  with  calciom  carbonate,  and  thuH  converted  into  ammonium  carbonate,  with 
'which  the  stiontinm  sulphate  suspended  in  water  is  heated  for  some  time.  Bj  this 
meAJOB  stiontiiim  carbonate  is  formed  and  ammonium  sulphate,  which  is  again  used 
fur  ooDTezting  sodium  chloride  into  sulphate.  The  strontiuui  carbonate  is  mixed  with 
^^rbon  and  heated  to  redness  in  a  reverberatory  furnace,  while  at  the  same  time  steam 
is  pAflsed  through  the  mixture,  and  by  thin  means  it  is  again  converted  into  caustic 
fttrontia,  which  is  used  for  decomposing  sodium  sulphate. 

A  method  suggested  by  Woldon  consists  in  preparing  sodium  sulphate  by  treat- 
ing common  salt  with  magnesium  sulphate,  converting  the  sodium  sulphate  into  sodium 
fluoride  and  acid  sodium  sulphate  by  treating  it  with  hydrofluoric  acid.  The  two 
■alts  are  then  separated  by  czystallisation,  and  the  sodiimi  fluoride  converted  into 
caustic  soda  by  acting  upon  it  with  caustic  lime.  The  caustic  lime  may  be  replaced 
by  the  magnesia,  obtained,  together  with  Glauber's  salt  and  hydrochloric  acid,  as  a  by- 
product in  treating  sodium  chloride  with  magnesium  sulphate. 

Jean  melts  together  sodium  sulphate,  fluorspar^  calcium  carbonate,  and  carbon,  so 
as  to  produce  sodium  fluoride,  calcium  sulphate,  carbonic  oxide,  and  caustic  lime.  The 
■odium  fluoride  is  dissolved  out  by  water  and  treated  with  cuustic  lime. 

Baader  converts  sodium  sulphate  into  carbonate  by  melting  it  with  silica  (sand) 
and  carbon ;  the  sodium  silicate  formed  is  dissolved  out  with  water,  and  decomposed  by 
cvbonieacid. 

Poittant's  method  of  preparing  soda  together  with  lead  carbonate  consists  in  pass* 
iBg  carbonic  acid  through  a  boiling  solution  of  sodium  sulphate,  containing  barium  car- 
boiate  is  suspension.  In  thb  way  bariimi  sulphate  and  sodium  carbonate  are  formed. 
Thendiam  carbonate  solution  is  decanted  from  the  barium  sulphate,  treated  with  lead 
nlphate,  heated  to  the  boiling  point,  and  again  treated  with  carbonic  acid,  when  lead 
cuboDste  and  sodium  sulphate  are  formed,  the  latter  being  again  used  for  preparing 
lodiun  carbonate,  etc. 

pRBPABATiOK  DiRRCTLT  FBOM  SoDiuM  Chloridb. — The  oldcst  method  of  preparing 
H^  artificially  consisted  in  the  direct  conversion  of  common  salt  into  caustic  soda 
I?  filtering  it  through  litharge.  The  caustic  soda  was  then  converted  into  sodium 
'^rboQate,  by  exposing  it  for  some  time  to  the  air.  This  metho<l,  originated  by  Scheele, 
^  been  often  patented,  but  has  not  met  with  much  success. 

Blane  and  Baxille's  method  consists  in  decomposing  common  salt  by  heating  it  to 
^^em  with  sand  in  a  current  of  steam.  A  mixture  of  280  parts  common  salt  and 
^  puts  mud  is  heated  to  redness  in  a  cast-iron  retort,  into  which  steam  is  passed 
^  Beau  of  a  pipe  with  small  holes.  By  this  means  the  sodium  chloride  is  decom- 
P*>d  leeoiding  to  the  equation : 

SNaCl   +  SiO,  +  H,0  «  Na,SiO,   +   2HC1. 

Tbe  hydrochloric  acid,  escaping  with  the  steam  and  a  small  quantity  of  sodium 
jwide,  passes  through  a  stoneware  tube  into  a  chamber  where  the  sodium  chloride 
jwodemed,  and  the  hydrochloric  acid  is  either  condensed  in  ordinary  condensing 
"^^  or  in  a  stoneware  trough,  the  bottom  of  which  is  covereti  with  water.  The 
•"•d  product  left  in  the  retort  is  so  diflBcultly  soluble  in  water  that  it  requires  to  be 
^t6a  with  f  of  its  weight  of  soda  ;  a  readily  soluble  basic  sodium  silicate  is  thus  ob- 
^^  and  when  dissolved  in  water,  is  converted  into  sodium  carbonate  by  passing 
^^'Wie  add  through  the  solution. 

^cings's  method  consists  in  passing  the  hot  air  from  a  coal  Are  through  a  flue 
^''^  it  ii  mixed  with  steam,  and  then  over  a  surface  of  common  salt  into  the  upper 
P^tof  i  ghaft  furnace  contracted  towards  its  lower  extremity,  and  filled  with  pieces  of 
W^  The  sodium  chloride  volatilised  with  the  hot  air  and  steam,  on  coming  into 
^^*^  with  the  zed-hot  quartz,  is  converted  into  sodium  silicate  and  hydrochloric  acid. 
^Igfaman's  method  consists  in  passing  superheated  steam  through  melted  sodium 
'"^ttids,  which  causes  volatilisation  of  the  salt,  together  with  the  steam.  This  mix- 
^  of  steam  and  salt  vapour  is  then  passed  into  an  iron  cylinder  filled  with  pieces  of 
'^^'^  alumina.  Sodium  aluminate  is  thus  formed,  which  is  treated  for  soda  with 
cuboueicid. 

I^,  Oiwj,  and  Harrison's  method  consists  in  treating  a  saturated  solution  of 
|*^ta  sah  with  finely  powdered  ammonium  sesquicarbonate,  or,  still  better,  with 
^bieaibooate.  In  this  way  acid  sodium  carbonate  is  formed,  which  separates  owing 
*•  iti  sparing  solubility  in  water,  together  with  a  small  quantity  of  ammonium 
2J*«te»  and  ammonium  chloride  remains  dissolved.  The  precipitate,  deprived  of 
"^wig  mother  liquor  as  much  as  possible  by  filtering  and  pressing,  is  then  drioil 
**4beated  to  redness,  so  as  to  volatilise  the  adherent  ammonium  onrbonate,  and  con- 
^  the  doable  sodium  carl)onntc  into  simple  carbonate.    The  mother  liquor,  contain- 
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ing  ammonium  chloride,  is  evaporatod  to  diynoBS ;  and  the  residue  heated  to 
with  ealcium  carbonate  to  convert  it  into  ammoniom  carboiiate. 

An  excellent  modification  of  the  above  method  conBitts  in  using  eanfltks  i 
in  the  place  of  ammonium  sesquicarbonate  or  bicarbonate.  Canstie  ami 
mixed  with  the  solution  of  common  salt,  and  carbonic  acid  forced  into  the 
under  pressure.  A  precipitate  of  acid  sodium  carbonate  is  thus  formed,  and 
rated  from  the  mother  liquor  by  a  centrifugal  machine,  purified  by  washings  fti 
The  mother  liquor  is  mixed  with  slaked  lime,  and  boiled  as  long  aa  ami 
evolved.  The  ammonia  is  in  its  turn  passed  into  a  solution  of  common  salt 
decomposition  of  the  latter,  in  the  way  already  stated. 

A  number  of  other  methods  have  been  suggested  ibr  the  direct  oodtb 
common  oalt  into  sodium  carbonate,  but  none  of  them  have  as  yet  met  with  it 
success.  Among  such  methods  may  be  mentioned  Samuel's,  which  conaista  in 
tating  acid  sodium  oxalate  from  a  solution  of  common  salt,  bv  the  addition  o 
acid.  The  precipitate  is  then  boiled  with  slaked  lime,  by  which  calcium  oaal 
caustic  soda  are  formed.  Spilsbury  and  Maugham  precipitate  the  sodium  ecmt 
common  salt  as  silico-fiuoride,  by  treating  a  solution  of  common  Mlt  with  fl 
acid.  The  sodium  silico-fiuoiide  is  then  decomposed  by  the  aid  of  heat  into 
fluoride  and  silicon  fluoride ;  the  former,  boiled  with  slaked  lime,  fbnns  oaJdnm 
and  caustic  soda.  The  fluosilicic  acid  is  obtained  either  by  heating  to  rednaai 
ture  of  ftand,  clay,  and  fluorspar,  or  as  a  by-product  when  silicon  fluoride  ii 
into  water.  The  calcium  fluoride  obtained  by  the  decomposition  of  the  ■odiiim 
with  lime  is  also  treated  for  fluosilicic  acid.  Kessler  patented  a  method  for  I 
version  of  common  salt  into  sodium  carbonate,  which  consisted  in  first  cf  all 
sodium  chromate  by  heating  common  salt  to  redness  with  chromium  oxide,  and 
steam  over  the  mixture.  The  sodium  chromate  was  then  mixed  with  oorbon, 
mixture  heated  to  redness,  so  as  to  form  chromium  oxide  and  sodium  oarboaot 
product  only  required  lixiviating  to  separate  the  soluble  sodium  carbonate  fi 
insoluble  chromium  oxide,  which  was  then  ready  for  decomposing  a  fireoh  qua 
sodium  chloride. 

Prhparation  fbom  Crtolitr. — The  composition  of  cryolite  is  repreeentec 
formula  AlF,,  3NaF.  It  occurs  in  large  deposits  in  Greenland,  whence  it  k 
exported  to  Germany  and  Denmark. 

Thomsen  decomposes  cryolite  into  sodium  aluminate,  calcium  fluoride,  ande 
acid  by  heating  it  with  calcium  carbonate : 

AlFg  +   3NaF  +   3CaC0,  =  AlNa,0,  +  3CaF,   +  SCO^ 

The  sodium  aluminate  is  dissolved  out  with  water  and  decomposed  with  e 
acid,  hydrate  of  alumina  being  separated : 

2AlNa,0,  +   3C0j  +   311,0   =   3Na,C0,  +   2A1H,0,. 

The  aluminum  hydrate  thus  obtained  is  treated  with  sulphuric  acid  t 
aluminum  sulphate  (see  page  308). 

For  thi«  purpose  100  parts  of  cryolite  reduced  to  a  very  fine  powder,  are  mix 
127  parts  of  equally  finely  powdered  calcium  carbonate.  The  mixture  is  heated 
hearth  of  a  reverberatory  furnace,  fired  with  coke,  and  continually  stiired  ui 
mass  begins  to  cake  together.  It  is  then  removed  from  the  furnace,  reduced  to ] 
and  lixiviated  with  hot  water.  The  liquor,  wliile  still  hot,  is  run  into  cloeedcyi 
placed  in  a  horizontal  position  and  furnished  wit-h  a  condensing  arrangement,  i 
is  treated  witli  carbonic  acid  obtained  from  the  hot  air  escaping  from  die  revob 
furnace.  The  contents  of  the  absorption  cylinders  are  emptied  into  clearing 
where  the  aluminum  hydrate  is  deposited.  The  clear  liquor  is  then  drawn  ( 
treated  either  for  crystallised  or  calcined  sodium  carbonate.  The  deposit  of  sin 
hydrate  is  washed  sevenil  times  with  fresh  water,  and  then  placed  in  a  wood 
lined  with  lead,  whore  it  is  saturated  with  warm  sulphuric  acid  (80^-90^),  i 
gravity  1*490.  The  clear  solution  is  decanted  off  and  evaporated  in  copper  pas 
a  product  is  obtained  having  a  composition  represented  by  tlie  formula : 

Al^Oe   +    18H,0. 

It  is  not  possible  by  washing  to  remove  the  last  traces  of  soda  from  the  alu 
hydrate,  and  consequently  the  aluminum  sulphate  thus  obtained  invariably  oo 
some  Podium  sulphate.     It  is  however  entirely  free  from  iron. 

Siiuorwein  boils  finely  powdered  cryolite  witli  milk  of  lime  so  as  to  form  » 
aluminate  and  calcium  fluoride : 

(AlF,   +   3NdF)   +   3CaO   =  AlN!u,0,   +   3CaFr 
The  clear  liquor  thus  obtained  is  dcprive<l  of  alumina  by  treating  it  with. so < 
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o#  fineht  po«d«nd  cryolite  and  oontinnallj  stirring ;  by  this  means  alnminnm  hydrate 
aod  sodium  fluoride  are  formed : 

AlNa,0,  +   (AlF,  +   3NaF)  +  3HaO  -  2A1H,0,  +   BNat. 

Hie  aluminum  hydrate  is   heated  as  abo?e  described  with  sulphuric  acid  for 
jfclwi'wiiTiiiin  sulphate,  and  the  sodium  fluoride  is  treated  with  caustic  lime  for  caustic 


Webez'^B  method  consists  in  treating  dydite  with  sulphuric  acid,  by  which  means 
>Ti*"*'"*""  sul^iate  and  sodium  sulphate  are  formed  acceding  to  the  equation : 

2(AIF,  +   SNaF)  ■«•   6HJBO4  -  A1,8S0,  +   3Na^04  +    12HF. 

The  evapoiation  of  the  liquor  yields  in  the  flrst  instance  crystals  of  sodium  sulphate, 
aod  the  mother  liquor  is  then  treated  for  aluminum  sulphate. 

The  mineral  called  ba  uxi  te,  coDsisting  of  from  60  to  75  per  cent,  of  alumina  and 
12  to  36  per  cent,  of  ferric  oxide,  together  with  some  silica  and  water,  is  also  used  in 
the  imnnfactnre  of  soda,  although  it  yields  neither  soda  nor  carbonic  acid.  Balard 
heats  bauxite  to  redness  with  sodUum  sulphate,  so  as  to  form  sodium  aluminate  and 
almainum  hydrate.  Another  method  consists  in  passing  superheated  steam  oyer  a 
~~ixtiire  of  bauxite  and  common  salt,  by  which  means  sodium  aluminate  and  hydro- 
add  are  produced. 
Sodium  nitrate,  or  Chili  saltpetre,  commonly  used  in  the  preparation  of  nitric  acid, 
nuhet  sodium  sulphate,  which  admits  of  direct  conversion  into  carbonate  by 
Leblsae^s  method. 

A  mmiber  of  attempts  hare  also  been  made  to  obtain  sodium  carbonate  from 
Ksdivm  mtiata  in  a  more  airect  and  simple  manner.  1 .  By  means  of  potassium  carbonate, 
K>  as  to  obtain  potassium  nitrate  and  sodium  carbonate.  2.  Walz  suggests  heating  a 
nuctoe  of  sodium  nitrate  and  calcium  carbonate  to  redness  in  a  current  of  steam. 
Kitxic add  escapes  with  the  steam,  and  is  condensed  in  suitable  vessels;  while  tbo 
fBsidve  in  the  retorts  consists  of  a  mixture  of  sodium  and  calcium  carbonates.  This 
Ksidie  is  lixiriated,  yielding  soda  liquor.  3.  Sodium  nitrate  may  also  be  decomposed 
^7  caustic  potash,  vicdding  caustic  soda  and  potassium  nitrate  ;  and  (4)  by  igniting 
lodiam  nitiata  with  carbonaceous  materials. 

IfSaa. — Soda,  or  sodium  carbonate,  is  an  article  of  very  extcu&iyo  consumption. 
^^■KiDgBt  the  uses  to  which  soda  is  put  may  be  mentioned  the  manufacture  of  glass, 
^^  iraahing  of  wool  and  silk,  the  preparation  of  aerated  water,  soap-making,  etc. 
FuvtW,  it  is  used  in  the  preparation  of  sodium  bicarbonate,  and  of  a  number  of 
lodium  salts,  as  well  as  various  carbonates,  as  an  agent  in  the  chemical  laboratory 
^  various  purposes,  and  as  a  medicine. 

TTnusiTiON  OF  Soda  Wastb. — The  residue  from  the  lixiviation  of  ball  soda,  known 
**  >oda  waste,  varies  considerably  in  composition,  as  shown  by  the  following  table,  giving 
^  renlts  of  analyses  by  Brown  and  Richter. 


1 

Richtcr'B  AnalysM  (from  the  Chemical 

Brown's 

Works  at  Sarau.  in  Siksia) 

^n^ljafa 

1 

I. 

IT. 

III. 

^^tkiinii  carbonate 

24-220 

2318 

22-24 

24-02 

H     sulphide 

8-627 

3702 

3804 

30*10 

m     omulphide  . 
H      sulphate 

20-363 

— 

— 

4-281 

1-68 

1-01 

1-38 

m     hyposulphite . 
n      sulphite 

traces 

2-69 
0-74 

302 
0-31 

235 
0-63 

n     disulphide 

3-583 

— 

Q.."      «vlijdrate 
°(wam  carbonate 

3-683 
1-809 

— 

— 

Soda  . 

2-52 

2-10 

1-86 

T 

?**■*  •         •          . 

._ 

6-40 

7-00 

7-2r, 

*>SBttium  carbonate 

6-987 

_^ 

, 

^ro"^"* 

0-64 

0-51 

070 

AUmiaa     .        . 

— . 

2-11 

202 

200 

J«fricaiide 

6-716 

__ 

J«nwii  nilnhide . 
^               • 

1-88 

1-75 

2-01 

12-709 

6-41 

600 

C-39 

6-746 

7-74 

6-82 

7-21 

^bca  (in  eombination) 

4-24 

403 

4-62 

"•tor 

2100 

2-32 

3-29 

1-51 

\ 
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When  soda  waste  ib  allowed  to  lie  ezpofled  to  the  air,  a  portion  of  iti  ca 
phide  is  converted  into  calcium  carbonate  and  disolphide,  which  jidd  1 
oxidation  calcium  thiosulphate,  and  this  decomposes  rapidly  into  calciiiii 
and  free  sulphur.  Upon  continuing  the  oxidation  the  calcium  sulphite  ii 
into  sulphate.  The  sulphur  liberated  from  calcium  thiosulphate  is  either  a 
contact  with  atmospheric  air,  forming  sulphurous  add,  or  else  it  ooml 
calcium  sulphide  to  form  bisulphide,  imicb.  yields  a  further  quantity  of  eaU 
sulphate.  The  exposure  of  soda  waste  to  the  atmosphere  also  gires  rise  to  t 
tion  of  sodium  thiosulphate,  partly  by  the  oxidation  of  sodium  sulphidA,  s 
by  the  mutual  decomposition  of  calcium  thiosulphate  and  sodium  caroooate 
thiosulphate  and  calaum  carbonate.  The  higher  polysulphides  of  calcium  ai 
may  also  be  produced  by  the  action  of  firM  sulphur,  liberated  from  eak 
sulphate,  ipon  the  monosulphides  of  calcium  and  sodium.  The  heat  prodiu 
oxidation  of  soda  waste  in  uie  atmosphere  is  frequently  sufficient  to  cause  a 
of  the  entire  mass. 

Soda  waste  is  chiefly  used  for  the  recoTory  of  the  sulphur  contained  in 
most  important  methods  by  which  this  is  done  are  those  of  Hofinann^ 
Scbaffher,  and  Mond. 

Schaffiier*8  method  involyes  the  following  opeiations : — 

1.  Preparation  of  the  liquor  containing  Sulphur, — ^For  this  puipoee  eoda 
exposed  in  lumps  for  several  weeks  to  the  action  of  the  air,  care  being  takei 
oxidation  does  not  go  too  far.  It  must  be  just  sufficient  to  cause  the  ooni 
sulphides  into  polysulphides  and  thiosulphates  without  formation  of  <*AlwSw*n 
for  any  sulphur  converted  into  that  compound  would  be  entirely  lost.  The 
degree  of  oxidation  is  recognised  by  the  dark  grey  colour  of  the  mass,  whi< 
lixiviated  with  water,  and  the  residue  again  exposed  to  oxidation  in  the  lixiTii 
by  passing  through  it  a  stream  of  warm  air.  The  lixiviation  is  repeated  i 
oxidation.  The  salts  dissolved  out  consist  chiefly  of  polysulphides,  and  thio 
of  sodium  and  calcium,  and  it  is  easy  to  regulate  the  oxidation  in  such  a 
sulphides  and  thiosulphates  are  produced  in  equal  proportion. 

2.  Separation  of  the  Sulphur,— -ThiB  operation  depends  upon  the  fMsts  1 
sulphates  treated  with  hydrochloric  acid  are  decomposed  into  free  sulphiL 
phurous  oxide : 

CaSjO,  +  2HC1     =     CaCla  +  HgO  +  8  +  SO,. 

The  sulphurous  oxide  reacts  upon  the  polysulphides,  liberating  anothc 
of  sulphur,  while  at  the  same  time  fresh  quantities  of  thiosulphates  are  tarnu 

2CaS,  +   3S0,     «     2CaSsO,  +   6S. 

The  decomposition  of  the  li<juor  by  means  of  hydrochloric  add  is  canned 
of  two  dose  cylinders  of  cast  iron  or  stone,  the  gaseous  products  of  deooa 
being  passed  alternately  into  one  or  other  of  the  two  vessels.  Each  yessel 
openings  above,  one  of  which  serves  for  the  admission  of  hydrochloric  adc 
for  the  escape  of  gaseous  products,  while  the  other  two  effect  the  alternate  tiai 
of  the  gaseous  products  from  one  cylinder  into  the  other.  A  contmual  ex< 
sulphurous  acid  from  one  cylinder  into  the  other  is  thus  kept  up,  and  thus  1 
quantity  of  sulphur  contained  in  the  liquor  is  deposited.  The  deposited  tnlpi 
fine  granular  structure  and  admits  of  easy  filtration. 

3.  Purification  of  the  Sulphur. — The  precipitate  thus  obtained  contains 
caldum  chloride  and  gypsum,  and  to  remove  these  impurities  it  is  mixed  wi 
in  an  iron  cylinder,  closed  at  both  ends  and  slightly  inclined,  so  that  one  end 
than  the  other.  Steam  at  a  pressure  of  1}  atmospheres  is  then  admitted 
cylinder  to  melt  the  sulphur,  the  heat  required  being  about  110*^ — 116®.  In 
saturate  any  free  acid  or  to  cause  the  solution  of  any  arsenic  that  might  b( 
some  milk  of  lime  is  added.  The  molten  sulphur  collects  in  the  bottom  of  the 
flowing  towards  the  deepest  part  of  the  inclined  cylinder,  where  it  is  t^pec 
moulds. 

In  places  where  hydrochloric  acid  is  dear,  the  residue  from  the  prepai 
chlorine  is  used  instead  of  acid  in  the  treatment  of  the  liquor  from  soda  wai 
since  this  residue  contains  ferric  chloride,  which  from  its  action  upon  sulphu 
would  cause  a  loss  of  sulphur,  the  ferric  chloride  must*fir8t  be  got  rid  of  Ir 
the  chlorine  residue  with  soda  waste  until  all  the  ferric  chloride  has  been  c 
into  ferrous  chloride  by  the  sulphuretted  hydrogen  of  the  waste.  The  liq 
prepared  is  then  used  for  the  decomposition  of  the  soda  wikste  liquor. 

At  the  Aussig  soda  works,  Schaffner  recovers  in  this  way  as  much  as  6( 
cent,  of  the  sulphur  contained  in  soda  wnste.  The  sulphur  thus  recovered  u 
the  preparation  of  sulphuric  acid,  which  in  used  to  make  sodium  sulphate,  etc. 
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iMd*!  mathod  ii  rei;  nmilu,  and  ii  BxtaamTel;  carried  out  in  this  conntrj.  Tha 
midUWD  of  tile  loda  m»te  in  accelamted  bj  farcing  air  through  the  msw  hy  mean* 
litta.    Ilia  decompoailiaD  b^  hjdrocliloric  ftcid  is  effected  liy  miiisg  a  dsHnite 

ffitTof  bjdroehlone  Bcid  with  on  ezi:eBB  of  the  liqnor  containing  sulphur,  and 
i«iig  hjdrocbloric  add  snffldent  for  complete  decomposition.  More  liquor  is 
tbei  poondin,  hjdrochloric  acid  added,  and  so  on  nntit  the  vaael  Ib  filled.  HofFmitD 
•awUN  Um  otidattoD  of  tlie  soda  -waate  by  sprinkling  the  henps  with  mnnganesB 
~""'dt;  the  mlphnx  is  then  separated  b;  the  method  already  described. 


IttlMN  whoa  the  recovery  of  sulphur  from  soda  watte  has  not  been  introduced, 
tl*  loi  wMie  i»  Bled  for  other 
N  BMran,  for  which  purpose  i 
ftel  ii  sacMnij,  and  conseqaently  the  soda  waste  requires  longer  exposure 


)F  purpoaea.     It  is  employed,  for  instance,  in  sc 
«,  for  which  purpose  complete  oxidation  of  the  sulphides  of  caldum  to  si 


^  ses  made  of  soda  waste  coDiiat  in  the  preparation  of  hjpo- 

nl[hUie(  eildnm  and  sodium  ;  it  is  alba  employed  in  (he  m^ng  of  nmds,  walla, 
nb,  a  land  of  Portland  cement,  etc. 


Fownn,!  NaHCOp    Mot*ciiLin  Weioht  8' 


1  McarboDRle  is  a  white  c^talline  powder  pOBseising  an 

■lUiMtatfa  and  turning  rod  litmus  paper  blue.  When  exposed  to  a  moist  atmo- 
■Pt^itgndnally  gives  np  parts  of  its  carbonic  acid  ;  by  heating  the  salt  loses  half 
rf^WMDiG  add  together  vit^  water  and  is  conrerted  into  sodium  monocarbonate. 
Hodin  tHcarbonate  is  sparingly  soluble  iii  water,  100  parts  of  wntor  at  10°  dissolving 
•■Mlftpartaoftlieaalt;  at40°,  t3*3fi  parts;  and  at  70°,  IS'flSpsrts.  Upon  heating 
***<||>0BS  Mhttjon  of  sodium  bicarbonule  a  little  above  70°,  part  of  the  carbonic  arid 
of  tbe  nit  nespes,  sodium  seaqnicarboaate  rem;iiniDg  in  sotation,  and  for  this  renaon 
**  (fMni  Bolntton  of  sodium  bicarboaato  must  not  be  boiled. 

Sodtun  Uarbonate  is  an  essential  constituent  of  many  kinds  of  mineral  water. 

>W|M*U«ii. — Sodium  bicarbonate  is  prepared  by  acting  upon  sodium  mono- 
™*«l»  mlh  earbonio  acid,  the  cnrbonic  acid  required  for  this  purpose  being  either 
<™Md  from  natural  acidulous  springs,  or  by  acting;  upon  chalk  or  marble  with  ■ 
^■JKa  nbaial  acid.  In  some  caoes  it  is  found  convenient  to  make  use  of  tbe  carbonic 
"*'  lanisiig  fiom  lime  kilns  or  produced  in  fermentation. 

.ia  appantoa  for  preparing  sodium  bicarfafmate  with  the  carbooic  acid  of  aeiduloua 
fCnp  IS  shown  in  flg.  162.  The  escaping  carbonic  acid  is  caoght  in  a  kind  of  bell 
jy  [■),  tka  water  cacsping  through  an  outlet  at  the  side.  The  carbonic  acid  pasaea 
'■'Ngli  tba  tnbe  (d)  into  tha  gasometer  (c),  and  is  then  conducted  by  meana  of  tlie 


^b«  («)  {Bto  the  absorption  chamber  (d).  which  is  bniltofbriek  and  Sited  internally 
*>4  a  woodra  rack  supporting  a  number  ol  fmrncs  ovi-r  which  piectw  of  wovdd  fabric 
^■MTttehad.  Sodium  monocarbonate  is  spread  out  npon  these  frameii  in  a  layrr 
^*tt  S)  er  8  inches  tliick,  which  thus  eiposi-s  aconsidcriblo  surface  to  the  action  of 
n*  eariMBie  aeid.  In  caws  where  ci3'stallisedsodiimimonocarlinnateisemployetl,nine 
yiwlmta  of  water  are  lilicnitcd  during  the  fnrmntlon  of  bicarbonate.  On  this 
*^Q<tBt«dl  Itama  is  covered  with  aslopingroof,  so  that  the  watj^r  which  trickles  down 
P^AthsfraBaa  and  contiUnB  considerabiequnntilics  of  sodium  carbonato  in  soluiion, 
^<*lTiidoffl7Faasing  over  the  nidm  of  the  ror^s,  and  is  conducted  a  entnally  along 
'**lutcan  of  the  chamber  inio  a  tub  (t)  lin<^  with  lend,     A  numbw  if  clmmbers  of 
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this  kind  hdi  plnced  togetliM',  ao  that  tlia  nnabsoTbad  carbooia  acid  m 

fliW  chfimber  is  wndncted  into  the  wcond  and  thitd,  etc.,  for  comideti , 

rhurging  atui  I'nijitjing  of  tha  ehamben  an  sSbcted  through  a  UUnl  opniiii^  vU 
closml  during  the  opemtioii  bj  a  plats  (o). 

Tlie  salt  !■  <)riea  cither  bf  puidiig  uuoogh  the  chamban  a  itream  of  oubBBK 
gim  hrati'd  to  4U°,  or  liy  bnraing  chaTccal  on  bnuiers  placed  in  tlia  cl 

The  carbonic  acid  used  for  preparing  aodinm  bicarbonate 
buned  lij  treating  n  carbonats  with  a  miiUFal  acid. 

An  appnr.ituB  for  prepnring  sodinm  bieaiboDsts  in  this  n 
%  loa.  It  conHiKta  of  nn  iron  generator  (a)  lined  vith  l««d,  a  wash  TiMel  fa), 
the  wooden  absorption  retsele  (j  and  I.).  "Tbe  mv  matMial  from  which  eattoiie 
is  to  be  generated  la  placed  in  the  ganeiator  (i)  and  mixed  with  water,  the  miztsz* 


Fio.  IBS, 
eonatantly  stirred  bj  the  agitatjir  (bb),  driven  b;  a  strap  on  the  bat  and  locMpiII 
(cc').  ^openingthetap(li)su1phnricncidof  apedflc  gravitj  1*195  to  I'SSlismi 
the  generator  through  the  funn<u  (d'),  and  causeB  evolution  of  carbonic  add.  Tbt 
jmsses  throDgh  the  tube  (r)  into  a  irasb  Tcrnel  (a)  filled  to  about  one  half  witb  n 
and  from  thence  through  the  tube  (a  u  B),  entering  the  absorption  vpnd  ()]  diD 
the  perforatod  bottom,  upon  which  the  Bodium  carbonate  is  placed.  As  in  the  mMH 
previouelf  mentioned,  a  nnmber  of  chambers  of  this  liind  are  connected  togeUiarsDS 
secure  as  complete  an  alisorption  of  the  carbonic  acid  as  posailile.  Tbe  wmdeo  i 
are  charged  and  emptied  at  (j).  The  water  liberated  when  ciTstallised  caitooat 
employed  coll(«tB  below  and  is  drawn  off  by  a  cock  (u). 

The  carbon.iie  moat  commonly  emploTed  for  geneiattng  carbaaie  a:Jd  is  old 
carbonate,  in  the  form  of  chalk,  marble,  dolomite,  etc.,  and  it  is  decompoaed  dthar 
sulphuric  or  hydrochloric  acid.  Tha  use  of  mnpiorite,  which  was  fomeriy  the  d 
material  employed  foe  generating  carbonic  acid,  has  considerably  detreassd  of  Ii 
awing  to  the  fnct  that  the  kieaerila  mudoftlmStiUsfurt  potash  woru  is  snehansiMll 
and  cheap  material  for  the  preparation  of  magnesium  sulphate  (Epsom  salts).  Anot 
material  sometimaa  used  fur  generating  corbonicacid  is  witherite  (barium  eartcos 
barium  salts  being  then  obtained  as  by-producls. 

Another  acid  aodium  carbonate,  commonly  called  sgsqiiicaTbaiiate,li  An 
ondec  certain  conditions,  and  it  oceore  naturally  as  a  deposit  from  the  «Bla  of  U 
containing  sodium  carbonate,  the  materials  known  as  trona  and  nrao  (ot«i*i 
chiefly  of  this  salt.  Its  compositioQ  is  represented  by  tiie  formula  SAfiJKOr  a 
it  may  be  rc^sided  either  as  a  compound  of  two  molecules  of  nmitrBlaaiUiiD(ut>N> 
with  one  molecule  of  carbonic  add 

2Na,C0,-i-H,C0„ 
or  as  a  compound  of  one  molecule  of  neutral  carbonate  with  two  mdeenUi  cf  mUw 

Na^,+  2NaHC0^ 

This  salt  erystalliaes  in  rhombic  prisma  which  contain  two  moleeola*  of  «iW;' 
11  less  soluble  than  the  neutral  carbonate  and  mcne  soluble  than  tbe  add  cttboosM 

Tbbts  fob  Sodidm  Bic*Hno»*T«.  Qaaliialitia  Tert*.— The  presence  of  **]■ 
monoeafbooste  in  sodium  bicarbonate  is  ascertained  by  treating  a  small  poitio"' 
solution  of  the  latter  with  a  few  drops  of  a  solution  of  magnedum  >^l''*|*v: 
clondioeea or  predpitate  indicates  the  presence  of  sodium  monoearbonate.  TbspWf^ 
of  chlorine  is  ascertuned  by  adding  a  few  drops  of  a  solution  of  direr  nitrate,  tif 

with  a  drop  of  nitric  add,  U>  a  solution  of  sodium  bicarbonate,    i  ~'-'' ' 

ir  cloudiness  indicates  the  presence  of  chlorine.    Sodinm  sulphate  is 

'    '         -      -        •  ■      bonate,  previously  no: '    " 

sulphate  is  present,  t 


ith  a  drop  of  nitric  add,  U>  a  solution  of  sodium  bicarbonate.  A  white n*^''!'' 
-.  cloudiness  indicates  the  presence  of  chlorine.  Sodinm  sulphate  is  found  V."^ 
a  solution  of  sodium  bicarbotuite,  previously  acidulated  with  hytlrochlorie  JA  ^ 
iKirium  chloride,  which,  if  sulphate  is  present,  causes  a  white  preeiptstc  «( l"** 
vulphato. 
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QmiUitaHm  Tut$. — In  order  to  determine  the  preciBe  amount  of  pure  sodium 
liieubQotte  in  a  nmple  of  the  latter,  the  salt  is  heated  to  expel  as  much  as  possible 
tf  tha  evbonie  acid,  and  the  rolume  of 
At  eubonie  add  carefiillj  measured. 
FSg.  IM  ihowa  an  apparatus  for  a  de- 
tiwiiiirion  of  the  abore  kind,  a  is  a 
ffm  tabe  sealed  at  one  end,  into  which 
nbnoj^  fire  grama  of  the  salt  to  be 
opntedupon.  To  the  other  end  of  the 
tiU  ii  itUehed  a  glass  tube  (ccc), 
'ttfld  aemxitelj  into  the  mouth  of  the 
tibeAfajmeanaof  agoodcock,  the  tube 
(ccc)  being  bent  in  the  manner  shown 
in  tile  dawing  and  opening  beneath  the 
>Mntb  of  the  graduated  glass  cylinder 
{")  of  1  litre  capadtj,  the  latter  being 
^^  with  water  and  inserted  in  a 
^mmI  {%)  fikewise  filled  with  water.  A  small  quautitv  of  oil  is  inserted  into  the  gradua' 
M  cyhadsr  to  prerent  absoiption  of  carbonic  acid  by  the  water.  The  sodium  bicar' 
^looait  in  A  ia  now  heated  by  the  aid  of  a  spirit  or  gas  lamp,  which  causes  an 
opiliiim  of  carbonic  acid,  the  latter  pjussing  through  ccc  into  tho  graduated  cylin- 
^  (b).  The  application  of  heat  is  continued  until  gas  ceases  to  be  ovolved,  then  the 
Swirtid  tabe  (d)  is  so  placed  that  the  level  of  the  liquid  in  it  is  the  same  as  that 
B  tkt  Mker  Teasel  (b),  and  the  volume  of  gas  in  (d)  is  read  off.  Supposing  the  sample 
('ttlt  operated  on  to  have  been  pure  sodium  monocarbonate,  then  no  gas  would  be 
tai  ia  D ;  aodiam  seaquicarbonate  would  yield  272  cc^  and  pure  sodium  bicar- 
^Vite  667  cc.  Sdiflibler  s  apparatus  for  determining  the  amount  of  carbonic  acid  is  of 
^eoMtmeUon. 

VlMii— Sodium  bicarbonate  is  used  in  the  preparation  of  pure  sodium  monocar- 
Initt.  fiv  preparing  alkaline  baths  of  gold  or  platinum,  from  which  those  metals  are  de- 
pHUd  upon ouer  metals  in  the  form  of  a  thin  bright  coating.  A  very  considerable  use 
■Mis of  sodium  bicarbonate  for  preparing  effervescing  beverages.  Seidlitz  powders 
<QHi*  of  a  miiture  of  five  parts  sodium  bicarbonate  and  three  parts  tartaric  acid.  A 
■Mttod  of  preparing  soda  water  consists  in  placing  a  previously  prepared  mixture  of 
>|iil  parts  by  weight  sodium  bicarbonate  and  tartaric  acid  in  a  strong  bottle,  filling 
^tbi  bottle  to  about  f  with  water,  rapidly  closing  it,  and  shaking  up  its  contenta. 
Acs,  bj  this  method,  sodium  tartrate  is  dissolved  in  tho  soda  water,  which  acts  as  a 
Higttife,  and  has  at  the  same  time  an  unpleasant  taste,  other  kinds  of  apparatus 
W  bsea  roDfltructad  by  means  of  which  carbonic  acid  alone  is  admitted  into  the 
*ttit  to  be  aerated.     An  apparatus  of  the  kind  is  represented  by  fii^s.  16  f}  and  168. 


Fm.  165. 


Fio.  160.        Fio.  167. 


Kio.  168. 


^  abtan  of  16*8  grams  of  sodium  bicarbonate  and  15  grams  of  tartiric  acid 
^pbeed  id  a  strong  glass  vessel  (a),  protected  by  a  covering  of  wicker-work.  The 
^W  of  tha  bottle  ia  then  dosed  by  the  tube  with  the  lid  (d)  fig.  167.  tho  whole  be- 
VlttiB  serswed  upon  a  vessel  (n)  of  1  litre  capacity,  fig.  168,  which  is  filled  with 
*"      andHie  apparatna  inverted  (fig.  165).    Water  passes  tlirough  the  tul>o  (d)  into 

t2 
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the  lower  yessol  (a''),  cnnsiiig  the  sodium  bicarbonate  and  taxtario  add  to  i 
one  another.  Carbonic  acid  is  thereby  liberated,  and  paaaea  through  tiia  : 
forated  plate  (d'),  fig.  167,  into  the  upper  vessel  (o'),  dissolYing  in  tiM' water 
in  the  latter.  When  soda  water  (or  more  properly  aerated  water)  is  veqmn 
the  cock  placed  at  the  lowest  pare  of  (o)  is  opened,  and  the  efferFeidng  liqi 
off.  Of  coarse  all  other  liquids  may  be  made  efforrescing  in  the  aboTe  manj 
Other  uses  of  sodium  carbonate  are  for  preserving  milk,  neutralising  add 
and  for  preparing  the  carbonic  acid  usea  in  making  Liebig^s  patsnt  aern 
Sodium  bicarbonate  is  also  used  in  medicine,  and  for  washing  wool  and  silk, 
many  purposes  in  the  laboratory. 


FoBicvLA  NaNO,.    Molboulab  Wuoht  86. 

This  salt,  known  as  Ohili  saltpetre  or  cubic  nitre,  oocnxs  aboi 
South  America,  forming,  in  the  district  of  Tarapaca  in  Northern  CSiili,  be 
feet  thick,  together  with  gypsum,  common  salt,  sodium  sulphate,  etc  The  • 
is  called  caliche.  The  following  table  gives  the  composition  of  several  i 
this  material. 


Hayes 

Sodium  nitrate 

.     64-98 

48-14 

86-37 

27-86 

„      sulphate  . 

8-00 

26-80 

11-67 

48-20 

„       chloride  . 

.     28-69 

11-40 

44-80 

18-80          I 

„      iodide 

0-63 

— 

— . 

Calcium  sulphate 

,        — 

1-86 

1-36 

0-68 

Magnesium    „ 

— . 

trace 

trace 

4-20 

Insoluble  substances 

2-70 

10-30 

330 

0-32 

Moisture 

— 

7-06 

2-60 

6-00 

100'  100-  100-  100-66        i 

The  sodium  nitrate  is  extracted  by  a  rough  lixiviation  with  hot  water,  m 
impurities  and  allowing  the  dear  concentrated  solution  to  erjrstallise. 

Oliaraoters. — Sodium  nitrate  crystallises  in  oblique  rhombohedrons  e 
sembling  cubes,  and  in  this  respect  it  differs  from  potassium  nitrate  which  cr 
in  prisms.  The  salt  is  slightly  deliquescent  and  readily  soluble  in  water,  i 
little  more  than  its  own  weight  of  cold  water  for  solution  ;  it  melts  at  about 
forms  a  white  mass  on  cooling.  At  a  red  heat  it  is  decomposed  in  the  sami 
and  more  readily  than  potassium  nitrate. 

Vaea. — Sodium  nitrate  is  used  chiefly  for  preparing  nitric  acid  or  fior  co 
into  potassium  nitrate,  and  as  a  manure. 


SODIUX  WnOBWmjLTM. 

FoBin7i.A  Na2HP04.    Molbcuiab  Wbioht  142. 

This  salt  is  frequently  termed  neutral  sodium  phosphate,  but  its  oonstit 
that  of  an  acid  salt ;  it  is  met  with  in  commerce  m  a  crystallised  farm,  oo 
12  molecules  of  water  of  crystallisation  (Na2HP04l2aq);  it  dissolves  in  4  t 
weight  of  cold  water,  and  in  less  than  its  weight  of  boiling  water;  the  sdntic 
faintly  alkaline  reaction;  the  crystals  efiSoresce  in  contact  with  dry  air;  t 
of  the  salt  is  saline  and  cooling,  and  less  unpleasant  than  that  of  sodium  t 
When  moderately  heated  the  whole  of  the  water  of  crystallisation  is  given  o 
red  heat  the  basic  hvdrogen  is  given  off  in  the  form  of  water,  and  the  ail 
verted  into  neutral  socuum  pyrophosphate : 

2Na4HP04  —  H,0  =  Na^P.O,. 

Sodium  phosphate  is  generallv  prepared  by  adding  a  solution  of  sodium  a 
to  the  add  caldum  phosphate  obtained  by  treating  bones  with  sulphuric  ad 
the  preparation  of  phosphorus,  separating  the  precipitated  caldum  oarboM 
evaporating  the  clear  solution  sufficiently  to  obtain  the  salt  in  crystals. 

There  are  twd  other  sodium  phosphates  corresponding  to  ordinary  tiibaa 
phoric  acid,  but  differing  in  the  relative  proportion  of  sodium  and  pbc 
mim  the  salt  above  described ;  one  containing  throe  atomic  proportions  of 
2<7a^P0|  is  called  trisodic  phosphate,  and  the  other  containing  two  atomic  pnj 
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of  hjdnigen  'vitli  only  one  of  sodium  NaHjPO^  is  called  monosodic  phosphate.  The 
famriadie  neutral  salt,  inasmuch  as  the  whole  of  the  hydrogen  of  tnbasic  phosphoric 
lad  is  iqdaeed  by  sodium,  and  the  latter  as  well  aa  the  disodic  salt  ordinarily  met 
wkh  an  Bod  salts. 

When  a  solution  of  disodic  phosphate  is  mixed  with  a  solution  of  about  half  its 
VMg^t  of  ammonium  phosphate  and  evaporated  to  crystallisation,  a  salt  is  obUiued 
vbiehliaia  composition  represented  by  the  formula  NaNHiHPO^  4aq.  and  is  termed 
■ieroeosmie  salt ;  it  has  a  cooling  taste,  dissolves  readily  in  water,  molts  when 
iMted,  pTinfr  off  water  and  ammonia,  until  nothing  renuiins  but  sodium  met-iphos- 
plate,  which  has  in  a  melted  state  the  property  of  dissolving  many  metallic  oxides, 
aad  thoi  forming  characteristically  coloured  phosphates ;  on  this  account  microcosmic 
Mlt  if  and  as  a  flux  in  blowpipe  experiments. 


SODIUX   BZSORATB   (BOSAX). 
FoBMXJUL  Na,02B,0^    Molbcx^lab  Wbloht  164. 

Bstoiy.  -The  first  mention  of  borax  is  in  the  writings  of  the  Arabian  chemist 
Mwr,  and  the  alchemists  of  the  thirteenth  and  fourteenth  centuries  seem  to  have 
^  acquainted  with  the  substance,  but  considered  it  a  product  of  art.  Its  prcpiira- 
vDaod  chemical  constitution  were  not  known  until  the  middle  of  the  eighteenth 
ciotQij,  vhen,  in  1747,  Baron  published  his  researches  upon  the  substance. 


Borax  occurs  naturally  in  tlie  water  of  certain  inland  seas,  in 

^^i^  Ixidia,  Persia,  California,  and  South  America.    The  water  of  these  seas  when 
f**poatad  Yields  a  dystalline  residue,  which  has  received  the  name  of  tincal,  and 
'B^^ited  into  Europe  chiefly  from  China  and  India. 
A  eoonxrand  of  boracic  acid  with  calcium  and  sodium  has  been  discovered  in 


A  eoinpoand  of  boracic  acid  with  calcium  and  sodium  has  b 
'^  It  IS  a  softy  lights  iHiitish,  scaly  mass,  and  has  the  following 


composition :- 


fioracic  acid 

.    46-4 

Water 

.    32-6 

Lime 

.     140 

6-2 

Sodium  chloride 

1-8 

Potash     .        .        .        . 

Chlorine .         .        .        . 

— 

Sulphuric  acid 

— 

Borocaldte  Boronatro- 

{Hayet).  calcite 

{Dick). 

46*11  45-42 

3500  97-42 

18-81  14-32 

—  9-63 

—  0-51 

—  110 

—  110 


1000 


The  lubstance  is  evidently  a  mixture  of  borocalcite  and  boronatrocalcite,  of  which 
^JM  and  Dick  have  given  the  analyses  as  above. 

^onx  may  be  easily  obtained  from  this  compound  by  treating  it  with  soda  at 
•**paitareof  lOO^'C. 


— - — Ordiniary  or  prismatic  lonix  is  sodium  bibomte  (Naj02B20,  + 

j^iO).  It  forms  colourless  transpjircnt  cr5*stal8,  belonging  to  the  rhombic  system, 
*•  nr&ce  becoming  efflorescent  upon  exposure  to  the  atmosphere.  Its  specific 
*jTity  is  1-706.  It  is  soluble  in  water,  to  which  it  imparts  a  weakly  alkaline  reaction. 
^  liability  of  borax  in  water  increases  with  the  temperature,  as  may  be  seen  from 
*••  iiUoinng  table : — 
lability  of  borax  in  100  parts  of  water 


At  0° 2-83 

H  10*» 4-66 

nW 7-83 

nW 11-00 


At  40°  ....  17-90 

„     60*'  •         .         .         .  40-43 

„    SO**  ....  7619 

„  100°  ....  201-43 


lie  bonx,  when  heated,  melts  in  its  water  of  crystallisation,  which  is  given 

^  laaring  a  spongy  matss  known  :is  burnt  borax.     The  application  of  a  stronger  heat 
^•«ts  borax  into  a  viscous  glass — borax  glass. 

^Wksn  an  aqueous  solution  of  borax,  of  specific  gravity  1*245,  is  allowed  to  cn-s* 
^Um  at  a  temperature  of  79°  to  56°  C,  regular  octahedra  are  obtained,  which  contain 

51  equivalents  of  water.    The  octahedral  borax  differs  from  ordinary  borax,  not 
in  its  oyrtalline  form,  but  by  its  remaining  clear  when  exposed  to  a  dry  atmo- 
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sphere,  while  ordinaiy  borax  e£9orc8C08  superficially,  owing  to  Iobs  of  water  otajtr 
tallisation.  On  the  otJier  hand,  octahedral  borax  disintegrates  on  the  sorfue  IDM 
exposed  to  a  moist  atmosphere,  owing  to  its  passing  into  the  prismatic  fonn;  iMk 
ordinary  boRix,  under  the  same  conditions,  remains  pellucid.  Octahfidnl  bonx  ii 
also  harder  than  the  prismatic  variety,  and  its  specific  gravity  is  1*815. 

Melted  borax  possesses  the  property  of  dissolving  metallic  oxides  with  &eiiity,iii 
chief  use  being  dno  to  this  property.  Most  metallic  oxides  impart  to  the  bonx  ^M 
a  tint  which  is  characteristic  for  the  particnlar  oxide.  Thus,  for  instance,  chwiiiiMi 
oxide  imparts  a  green  tinge,  cobalt  oxide  a  bine  colour,  and  manganons  oxide  lOtM* 
tliyst  hue,  etc.  This  solvent  action  of  borax  upon  metallic  oxides  is  due  no  dodit  to 
the  fact  that  a  part  of  the  boracic  acid  enters  into  combination  with  the  metBllieoxid^ 
which  then  combines  with  the  neutral  sodium  borate  to  fbfm  the  double  eempcnak.  _ 

The  use  of  borax  in  soldering  is  also  due  to  a  similar  chemical  combinatioo.  Itii 
necessary,  in  order  to  secure  peribct  soldering  of  two  metals,  that  their  surfaeeeihoaU 
be  iree  from  oxide.  This  is  effected  by  spreading  over  their  surfiMse  a  film  of  nM 
borax,  which  dissolves  the  metallic  oxide  and  protects  the  naked  surfiMes  of  the  tn 
metals  during  the  soldering  process  from  the  oxidising  action  of  the  air. 

The  use  of  borax  in  smelting  depends  upon  its  property  of  dissolving  mwtallie  onfa 
and  converting  them  into  a  liquid  slag. 

Preparatloii. — Formerly  the  entire  quantity  of  borax  sent  to  the  maikefciH 
obtained  from  the  water  of  certain  lakes  in  Asia.  The  chief  lake  is  the  Teeehu-Laahi 
Sea  in  Thibet,  the  water  of  which  contains  considerable  quauUtiee  of  borax.  Book' 
DOW  made  from  native  calcium  borate  and  from  boracic  add. 

From  the  watku  of  thb  Borax  lakies. — The  water  of  these  lakes  issiaiiilljtn' 
porated  by  the  summer  heat,  leaving  behind  a  crystalline  mass,  containing  eaitfajiMji 
and  other  impurities,  which  is  known  in  the  market  as  tincaL  This  tineil  or  p* 
borax  was  formerly  submitted  to  a  process  of  crystallisation  at  Venice,  and  caatirie 
the  market  as  Venetian  borax. 

California  borax  is  obtained  from  the  mud  of  a  lake  called  Clear  Lake,  bjdqhf 
it  in  the  air,  lixiviating  with  water  and  evaporating  the  lye  till  it  ciystalliaiM. 

From  native  Calcittm  Borate. — ^Borax  has  been  obtained  of  late  from  ths  lioi^ 
CJilcite  and  boronatrocalcite  found  in  Fern,  by  boiling  the  finely  powdered  miimlil' 
some  time  with  a  solution  of  soda,  decanting  the  dear  liquia  firom  the  ibmU'' 
calcium  carbonate,  and  sotting  to  crystallise. 

Lunge,  in  treating  boronatrocalcite  for  borax,  separates  out  the  spedtoJly  iMui* 
gypsum  by  elutriation,  treats  with  warm  dilute  hydrochloric  acid,  deeuti  ■! 
crystallises,  whereupon  nearly  all  the  boracic  acid  crystallises  out. 

FuoM  Boracic  Actp. — The  greater  pirt  of  the  borax  which  comes  into  the  atfW 
at  the  present  day  ik  prepared  Anom  boracic  add  obtained  firom  Tu^sany.  TlusWthBl 
was  introduced  in  1818  by  Payen  and  Cartier. 

A  large  tub,  lined  with  lead,  is  charged  with  about  200  gallons  of  water,  bMtil 
to  100°  C.  by  moans  of  a  perforated  steam  coil  lying  at  the  bottom  of  the  toh^  ttA.  V 
cwt.  of  soda  cry8t;il8.  As  soon  as  the  soda  is  dissolved,  23^  cwts.  of  bosuie  aod  0 
then  added  in  small  portions  at  a  time.  The  addition  of  the  borade  add  OKMN  * 
strong  oifen-escence,  which  is  more  violent  towards  the  end,  owing  to  the  donUaai^ 
sesquicarbonatcs  of  sodium  formed  at  the  beginning  being  decomposed  by  theaiBiV 
of  boracic  acid.  On  this  account  more  caution  is  required  in  adding  the  last  pxt*'' 
of  borade  acid.  The  frothing  of  the  mass  ceases  a  few  moments  before  the  tiMi^ 
of  the  last  portions  of  boracic  acid,  at  which  point  the  temperature  of  the  liqaidoi^ 
to  be  104°  C,  and  it  ought  to  show  a  specific  gravity  of  1-160  to  M70.  If  it  !•■*• 
concentrated  than  this,  water  is  to  be  added.  If,  on  the  other  hand,  the  comuiKllI** 
is  not  sufficient,  raw  l)orax  is  thrown  in  until  the  right  specific  gravity  is  attained.  0* 
lid  of  the  tub,  which  is  made  of  three  pieces,  is  then  put  on,  and  the  liquid.  aftiT  kl^ 
ing  been  allowed  to  stand  from  10  to  12  houra  to  get  clear,  is  decanted  off  wi^ 
siphon  and  run  into  the  crystallising  pans.  These  consist  of  large  wooden  ^sti  v^ 
with  lead,  about  20  feet  long,  6)  feet  wide,  and  1  foot  deep.  A  single  vat  of  the  kif  J 
is  capable  of  holding  the  entire  contents  of  the  dissolving  tub  in  which  the  botf*] 
acid  and  soda  are  made  to  react.  The  mud  which  collects  upon  the  bottom  of  thidri 
solving  tub  is  let  out  by  removing  a  plug  at  the  bottom.  This  mud  consists  of  flllj 
clay,  calcium  carl>onate,  and  magnesium  carbonate,  produced  by  the  action  of  lAj 
upon  gypsum  and  magnesium  sulphate.  The  lye  mechanically  retained  betwew  M 
mud  particles  is  washed  out  with  water,  and  the  wash  water  is  used  instead  of  fuM 
water  for  dissolving  soda  in  a  subsequent  operation.  The  crystallisation  of  the  VbO^ 
is  complete,  according  to  the  surrounding  temperature,  in  36-72  hours.  The  mM 
liquor  is  then  drawn  off  by  removing  a  plug  at  the  bottom  of  tho  yessel,  the  buAMJ 
which  extends  above  the  surfiico  of  tho  lye.    The  cxystallino  maas  is  removed,  tfl 
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aheed  apon  m  indined  plain,  so  as  to  drain  off  the  mother  liquor,  which  is  collected 
u  t  rweiToir.  From  this  reservoir  tlie  mother  liquor  is  once  more  brought^  into  the 
dimlTing  tub,  where  it  is  mixed  with  the  wash  water  from  the  muddy  recdduc,  and 
ndaand  bonde  add  are  then  added  in  quantities  suffidentto  bring  the  concentration 
of  the  nlntion  to  sp.  gr.  1*169.  The  whole  is  allowed  to  remain  quiet  for  tenor 
twdre  hoiin»  and  then  the  dear  liquor  is  decanted  off  and  crystallised.  After  three  or 
finr  apmldoma  of  this  kind,  according  to  the  purity  of  the  boradc  acid  employed,  such 

ntitiei  of  sodium  sulphate  collect  in  the  mother  liquor,  that  upon  cooling  the  latter 
i  to  80*^-31^0.  this  salt  crystallises  out. 

On  evaporating  the  mother  liquor  again  in  a  cast-iron  yessel,  it  yields  a  father 
nop  of  cmtals  of  boracic  acid,  and  the  mother  liquor  from  these  gives  a  further 
crop  of  lodium  sulphate.  The  mother  liquor  can  be  treated  for  common  salt,  and  the 
final  mother  liquor  evaporated  to  dryness :  the  saline  mass  thus  obtained  contains  borax 
and  may  be  used  in  the  manufacture  of  glass. 

The  method  employed  in  England  consists  in  melting  together  in  a  muffle  furnace 
inder  constant  stirring  a  mixture  of  crude  boracic  add  with  half  its  weight  of  calcined 
nda,  the  eaeaptng  v^wurs,  which  contain  ammonium  carbonate,  being  condensed  in  a 
nitkble  chamber.  The  melted  product  is  lixiviated  with  hot  water  in  iron  boilers, 
^liqnor  allowed  to  clarify,  then  decant<id  and  gradually  cooled.  The  more  gradwil 
the  coding,  the  better  are  the  crystals  obtained.  The  precipitation  from  the  solution 
^liydrated  ferric  oxide  is  effected  by  adding  soda  residue  in  the  proportion  of  1  pound 
fcr  treiy  two  tons  of  lye.    The  clear  lye  is  then  crystallised. 

Attempts  have  recently  been  made  in  France  to  obtain  borax  together  with  funi- 
>>ff  nlphnric  add  (vide  page  113),  by  distilling  together  boracic  acid  and  sodium 
»Iphate,  and  treating  the  residue  for  iwrax. 

^  It  has  been  proposed  to  prepare  )x>rax  in  a  similar  manner,  together  with  nitric 
■cid,  faj  heating  to  redness  a  mixture  of  Chili  saltpetre  and  boracic  acid. 

PcBmcATiox  OP  TiycAL — Tincal  was  formerly  purified  by  a  process  of  washing. 
For  this  porposc  it  was  placed  in  a  cloth  bag  and  agitated  with  a  dilute  solution  of 
CHutie  nda  as  long  as  uie  filtrate  ran  away  coloured.  The  washed  mass  was  then 
^■otved  in  water  containing  a  small  quantity  of  soda,  the  liquor  boiled  up,  then 
flteed  and  evaporated  to  crystallisation.  The  washing  with  caustic  soda  served 
tOMonifjr  and  remove  a  fbtty  substance  contained  in  the  crude  tincal. 

AnoBl  may  be  purified  by  pouring  over  it,  first  of  all,  milk  of  lime,  then  boiling 
vittt,  filtering,  admng  to  the  filtrate  calcium  chloride,  and  evaporating  this  filtrate 
tooTitallisation.  A  calcium  soap  is  thus  fbrmed,  which  remains  behind  upon  filtering 
t^nlntion. 

Clooet's  method  consists  in  calcining  powdered  tincal,  previously  mixed  with  10 
Pjr  cent  of  Chili  saltpetre,  in  cast-iron  pans,  so  as  to  destroy  the  fatty  substance. 
^ealdned  mass  is  lixiviated  and  crystallised. 

lineal  as  well  as&rtifidally  prepared  raw  borax  admits  of  being  purified  in  the 
AAiving  way.  About  1 ,250  gallons  of  water  contained  in  a  tub  lined  with  lead  are 
J^MIShtto  the  boiling  point  by  a  steam-pipe  immersed  in  the  tub.  In  this  water  is 
■Ugafaaiket  of  wicker  or  wire  work  containing  the  raw  borax,  mixed  with  five  per 
^tk  of  nda  ;  the  basket  is  so  placed  that  it  is  entirely  immersed,  and  Aresh  quantities 
flfnvhonz  are  dissolved  in  tne  water  until  the  solution  has  a  concentration  corre- 
ijOD^Dg  tosp.  gr.  1*160.  When  this  point  has  l)cen Attained,  the  supply  of  steam  is  shut 
c^  the  Ucpiia  allowed  to  settle  for  two  hours,  the  clear  liquor  is  drawn  off  by  cocks 
P|*cd  a  little  above  the  bottom  of  the  tub  into  a  crystallising  vessel  of  lead  surrounded 
^th  lood.  about  eight  feet  long,  of  a  like  breadth,  and  4  J  feet  deep.  This  is  filled  to 
'Wiin  IJ  to  l\  in.  of  the  brim,  and  i«  immediately  covered  with  a  wooden  lid  covered 
J'*'^th  sheet  lejid,  which  serves,  by  condenHing  water  on  its  sur&ce.  to  produce  a 
*^  of  water  on  the  surface  of  the  lye,  and  by  this  means  to  avoid  the  formation  of 
■■•fl  eimtils  at  the  surface.  After  a  lapse  of  eighteen  or  twenty  days,  aocordi  ng  to  the 
JJ'Wttniing  temiHsmture,  the  crystallisation  is  complete,  and  t}ie  temperature  of  tlio 
j^iBd  redoccd  to  27**  or  28°  C.  It  is  not  advisable  to  wait  longer  than  this,  since 
^^tica  would  be  liable  to  find  their  way  into  the  crystalline  mass.  The  mother 
9iiidzawn  off,  the  last  portions  being  rubbed  off  with  a  sponge,  and  the  crystallising 
^'■■el  immediately  ch>scd,  so  as  to  prevent  the  crystals  from  cracking.  After  a  lapse 
^^nt  hours  the  crystals  are  taken  out  and  placed  upon  wooden  tables  to  dry,  and 
*rted  and  packed. 

FnpARATioir  or  Octahbdbal  Borax.— This  kind  of  l)orax  is  to  be  preferred  in 
••riy  tftry  respect  t/i  the  ordinary  Iwrax.  It  is  harder,  contains  less  water,  froths  less 
■ken  heated,  melts  quicker,  and  adheres  better  to  surfiices  to  be  soldered  together. 

For  pnparing  it,  the  apparatus  used  is  that  descril>cd  for  the  preparation  of 
Wfinaiy  buaz,  the  only  diflerence  consisting  in  the  proportions  of  water  and  borax. 
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Borax  is  diasolred  in  the  way  aboye  deflcribed,  until  the  solution  shows  a  apei 
of  1*245.  The  liquor  is  then  allowed  to  settle,  drawn  off  when  clear  into  cr^sb 
ressels,  and  left  uiere  for  iivo  or  eight  days.  As  soon  as  the  temperature  hai 
to  79*^  C,  the  crystallisation  begins,  and  is  allowed  to  continue  until  the  temp 
has  sni  k  to  56^  0.  If  the  cryrtallisation  be  allowed  to  continue  at  a  lower  te 
turo  than  this,  a  crystallisation  of  ordinary  borax  round  the  octahednl 
would  take  place.  For  this  reason  the  lye  is  quickly  drawn  off  by  a  mm 
siphons  directly  the  temperature  has  sunk  to  56"  C.  and  the  czystalline  dm 
moved.  The  mass  requires  protection  from  a  moist  atmosphere  so  as  to  pf«n 
attracting  moisture  and  pasring  into  ordinary  borax. 

Vses. — Borax  is  used  in  large  quantities  for  soldering  copper,  silver,  gold,  c 
tlie  preparation  of  certain  kinds  of  glass  enamels ;  in  glass  and  porcelain  paintii 
smelting  works ;  in  the  detection  of  metallic  oxides,  with  the  blowpipe,  etc  I 
further  used  in  hair  washes;  and  in  fixing  of  certain  colours  in  calioo-printiiig. 

Besides  borax  there  are  some  other  borates  which  have  been  employed,  such  s 
of  zinc  and  manganese,  used  as  siccatives  in  the  preparation  of  yanushes ;  chi 
boRito  is  used  for  preparing  Guignet's  green ;  ammoniimi  borate  is  used  tot  m 
fiibrics  fire-proof,  etc. 


Symbol  Li.    Atomic  Weioht  7« 

This  metal  was  discovered  in  the  state  of  oxide  by  AirfVedson,  in  ISlTi  M 
stituent  of  petalite;  it  also  occurs  in  spodumene,  amblygonite,  tripk 
lepidolite  and  other  minerals,  in  several  kinds  of  mineral  water,  in  sea-wati 
in  some  meteorites.    It  was  first  obtained  in  the  metallic  state  by  Bunsen. 

Lithium  has  a  slightly  yellowish-white  colour,  is  harder  than  sooium  sndhasai 
gravity  of  0*578,  being  the  lightest  solid  substance  known ;  it  is  less  oxidisabl 
the  other  alkaline  metals,  melts  at  180^,  and  takes  fire  at  a  higher  temperatms 
ing  with  an  intense  white  light;  in  contact  with  water  it  oxidises  and  dii 
hydrogen,  but  does  not  melt  like  sodium. 

The  compounds  of  lithium  closely  resemble  in  general  characters  those  of  thi 
alkaline  metals.  The  chloride  crystallises  in  cubes,  but  is  very  deliquesoen 
hydrate  LiHO  is  much  less  soluble  in  water  than  potassium  or  sodium  hydxat 
separates  from  the  solution  in  small  granular  crystals,  which  melt  readily  haloi 
heat,  corroding  platinum,  and  solidifying  on  cooling  to  a  crystalline  mass ;  the  cv 
lijOO,  is  only  sparingly  soluble  in  water ;  the  phosphate  Li^O^  is  also  insols] 
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Cs  Symbol  Kb 

133    Atomic  Weight    85*4 

These  two  metals  were  discovered  by  Bunsen  and  Kirchhoff  in  1860  sad 
They  are  of  frequent  occurrence  but  always  in  very  minute  proportions,  dtti' 
minerals  containing  lithium  and  in  some  kinds  of  mineral  water.   Tney  closely  Rii 
potassium,  both  in  their  general  physical  and  chemical  characters. 


CALCIUM. 

Stmbol  Ca.    Atomic  Weight  40. 

Although  the  disooverj  of  tlio  motals  potassium  and  Bodium.  and  tho  analogy 

^^^^Wmd  the  alkalies  and  alkaline  earths,  suggested  the  probability  that  the  latter 

^ev«e  also  oxideB  of  metals,  calcium  was  not  isolated  in  a  pure  stsito  until  some  few 

f^^9i  nnoe  by  liathiessen ;  it  is  a  yellowish  coloured  metal  that  melts  at  a  red  heat, 

i*^^ malleable,  oxidises  readily  when  exposed  to  moist  air,  and  decomposes  in  water. 

^^^^cinm  18  divalent  and  its  compounds  possess  the  characters  of  salts. 

^^  Coeiiir«Boe> — Caldiim  occurs  rery  abundantly  in  various  states  of  combination ; 
^^  '^ooride  oocnm  as  fluor  spar,  the  carbonate  in  the  several  forms  of  calc  spar, 
'^^agonite,  limestone,  chalk,  etc.,  and  combined  with  magnesium  carbonate  as 
^olomite.  Several  dlicates  occur  as  wollastonite,  etc.,  as  well  as  in  combina- 
vith  other  silicates.  Calcium  also  occurs  combined  with  silicic  acid  in  a  great 
of  minerals,  and  the  hardening  of  cements  and  hydraulic  lime  is  due  to  the 
of  caldvm  silicate. 

Other  oompounds  of  caldnm  that  occur  very  frequently  and  abundantly  are,  gypsum, 
*^S0«+2H,O;  Anhydrite,  CaSO«;  Apatite,  Ca,P,0.  +  CaCl,  or  CaF,;  Cal- 
<^  ^m  nitrate,  Ca2N0,;  Flnor  spar,  CaF,. 

Conpoonds  of  calcium  occur  abundantly  in  both  the  vegetable  and  animal  king- 
~i^ ;  Um  ashes  of  plants  contain  both  the  sulphate  and  the  carbonate ;  corals,  ojrster 
and  eggs  consist  esaentially  of  calcium  carbonate,  and  bones  consist  of  caldum 
ai^  calrium  phosphate. 


OAJbOZVM   OZZBB   (IJOaB). 
FoBMULA  CaO.     MoLBCULAB  Weigut  56. 


ame  does  not  occur  naturally ;  but,  in  combiuation  w^ith  carbonic 

^ozide  and  other  acid  oxides,  it  forms  a  very  large  portion  of  the  earth's  crust. 

Ckumotmrm* — Calcium  oxide  or  '  quick'  lime  is  a  white,  hard,  amorphous  mass, 
wliidi  has  a  specific  gravity  of  2*300.  It  cannot  bo  melted  even  by  the  heat  of  the 
^^^yhTdr^gm  flame,  but  becomes  intensely  luminous  when  thus  heated.  The  Drum- 
v^OBd  li(^t  used  for  ngnalling  is  produced  in  this  way. 

I<iiM  combines  readily  wiUi  water,  and  when  exposed  to  the  air  gradually  absorbs 
^^Ui  tod  carbonic  acMi  ftnd  is  thereby  rendered  useless,  on  which  account  it  must 
^'^hu  be  used  shortly  after  burning,  or  must  be  preserved  from  contact  with  moisture 
^^  the  action  of  the  air. 


•Lime,  or  crude  calcium  oxide,  is  prepared  by  strongly  heating 
^  tf  the  varioas  natural  caldum  carbonates,  and  the  operation  is  technically  termed 
™*  bulling.  Intense  heat  causes  the  decomposition  of  caldum  carbonate  into  caldum 
^■idi^  or  Hme,  and  carbonic  add  which  escapes  in  the  gaseous  condition: 

OaCO,  =  CaO  +  CO,. 

^  hundred  parts  of  caldum  carbonate  should  yield  56  parts  of  lime ;  but  this 
2|^^  tt  nldom  obtained  in  preparing  lime  on  a  large  scale,  owing  to  the  presence  of 
'^^^  ingredients  in  crude  limestone. 

.  jy  eakining  ardinarj  limestone,  which  is  generally  somewhat  impure,  lime  is 
?r|*>W  eofitaimng  small  quantities  of  ferric  oxide,  magnesia,  clay,  etc.,  which  weaken 
^  '■■iituiee  to  the  action  of  fire  as  well  as  its  capadty  for  combining  with  water. 
^J[W  iiitwial  selected  for  preparing  lime  should  be  of  tolerable  purity,  and  it 
?^|^  Bot  eontain  more  than  from  2  to  5  per  cent,  of  impurities,  since,  as  above  msn- 
7?^^  the  ^ii^ty  of  the  lime  depends  very  much  upon  the  amount  of  foreign  sub- 
^^^^    Ism*  is  also  better  in  quality,  the  harder  the  limestone  is  from  which  it  is 
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pnpuvd,  on  which  accoant  marble  i>  th«  ■abftanca  m<Mt  nitad  fcr  prqaitaglm! 
Marble  u.  bowtxti,  u  n  rule  Coo  dmr  for  the  pnrpoae,  sod  llu  nuteiul  gnwlh 
wed  is  ordiuiy  ii  meeluns  ;  ciilcamiuii  nuirl.  or  vhrlli,  etc.,  being  ■eUmn  mflo^ 
Chalk  is oftcD  HEed  fir  prepuriug  lime,  aud  owing lo  ita  ponma  nature  itdao^Mi 
in  hnming  lar  mure  i-nKily  than  orJiraij  limeBtana. 

The  operiliun  of  lime  bonung  is  carried  ont  U  bespa,  field  Idlni,  pta,  *  '* 
■pedall;  ciinalructed  idlru. 

BmsDlo  IH  Heats. —  Thepirce8ofIinie>louear«ei(hi;ramiigBlal(miatcljlit>M 
Jajrrs  of  fuel,  or  the  entire  qDaotity  of  limmone  iri  lai'l  upon  a  thick  bed  of  M  •>' 
the  whole  rarrred,  as  in  prepHiing  chareoal,  witli  earth,  ctwlj,  etc.  The  ajmtioBii 
conducted  tlinmgliout  in  a  -way  nmitnr  to  that  adopted  in  making  charcoal. 

BfHXIKO  IK  l-'iELD  OtKur. — In  I  his  plan  tlie  larger  pieces  of  limeitonr  in  M 
ap  ap  iia  to  form  a  fire  chamber,  and  tbe  aaniX  piecei  of  limcatone  piled  Vf  n 

BcBnnro  IK  PiTs.^Fur  thi»  purpoae  jnta  dng  in  tbe  groond  are  citharBlhd*kl 
alCeniHtA  lajers  of  limeylonc  and  fuel,  or  the  limestone  ia  aii&iiged  ao  ai  to  fin  ■ 
arch  ander  which  the  fbol  la  burnt. 

BcHKiKO  IK  Kiijrs, — Lime  kilna  are  of  two  kinda,  those  in  which  the  bun(  > 
interrupted,  and  tliuM  in  which  tbe  bumiag  i»  continnoni. 

PeriDdic  Kitnt — Kilns  of  thia  kind  are  mnch  nacd  nud  arc  conTenient  ii  |1m 
wheru  the  consumption  of  time  is  irregular,  since,  as  we  have  sea,  a  limelkill* 
lieen  long  burnt  is  not  ao  good  as  that  which  hiU  been  rccentlj  bnmL 

The  kilns  are  made  of  fire  brick,  and  bare  either  a  cjlindriul  or  an  onl  fin 
)wing  fumishrd  below  with  a  large  heating  hole.  The  kiioa  aro  chsiged  Iqr  pi^^ 
Urge  pieces  of  limestoDo  upon  the  htartli  iif  the  kiln  ao  aa  to  form  ao  aiu,  wliia  I 
then  coTcred  over  with  smalt  piecea  of  lim.iitonfl  nntil  the  kiln  ia  fuU  ;  cwi  lw| 
alwnya  (akoo  to  secure  a  free  spai'*'  fur  the  lire.  Some  enailj  combnatiUe  fndillbM 
inlrodnced  ihringh  the  stoke-hole  beneiith  the  arch  and  ignited,  bj  which  mai«A 
timeatuao  is  grsduall;  healed.  A  gruduul  heating  is  necessar;  at  first  in  ffteu 
prevent  the  limestone  forming  the  atrh  fruia  crambling  and  falling  into  the  In  ^ 
The  liglit«r  kindof  fui'l  is  then  rvpSncnl  by  ftiel  of  a  denser  kind,  aodttubcuis 
creased  until  the  piecea  of  limcflone  Ht  the  moutli  of  the  Airnsce  are  while  liet;  tk 
burnt  lime  is  allowod  to  roul  a  httle.  withdrawn,  and  tbe  kiln  rech^ed. 

Kilns  of  a  similar  kind  arc  emplc^ed  in  which  Che  hearth  is  fotined  of  a  gnti  H 
aah  pit ;  the  piocea  of  limcetone,  ns  in  the  above  case,  are  built  up  ao  as  to  bM* 
arcb,  the  only  difference  being  that  the  fuel  rs  burnt  on  tbe  f;rala. 

A  very  useful  periodic  kiln  with  ^te  ia  shown  in  fig.  169.  The  shaft  (i)iill 
feet  wide  below,  and  10  feet  wide  at  its  apper  extremity ;  it  has  a  hdght  cf  II W 
and  is  covered  ubore  with  an  aich  (A)  furnished  with  draught  holeai  ddanln 
boles  ench  of  which  has  a  fire  grnte  inclined  lowiirds  the  hearth  of  tha  fiOBMiSp 
which  the  fuel  is  laid;  ,9  is  an  u]iening  for  udnutting  tJie  limestone,  ^w  laWi' 
well  aa  tbe  opunn^  {h)  for  drawing  out  the  lime,  are  wsUuil  in  during  tile  biv^ 


Fio.  I6D 


c  is  an  aperture  in  the  hood  covering  the  furnace  llirmigh  which  tha  dmnritt  I 
maj  be  observed,  and  the  boat  rogulatoJ  or  directed  to  any  derired  pert  of  tha  to 


LIME  BtTRNIN'Or.  28ff 

For  cltttgiag  the  furnace,  a  wooden  polo  is  pliiccil  in  ii  vertifnl  position  in  tlio 
middle  of  the  hsBrtli,  and  the  piacee  of  limcalane  armngwl  round  it.  Tho  woodon  Rtiilie 
or  pole  upon  burning  leares  a  cylindriiial  hollow  spnce  which  fleiTPS  for  tho  reguUlion 
oS  the  eombnstion.  liie  pi«c«  of  limestono  iiru  bo  Bmiiged  ihnl,  bfforo  iind  nboTe 
eM^h  Hoke  hole,  &  free  aichod  Bpaca  is  formed,  whero  the  firo  griecB  collect  nnd  are 
distribntfd  equally  in  »1!  directioni.  During  the  drat  six  hours  a  moderate  fire  only 
is  kept  ap,  the  heat  baing  gradually  incrBased  until  yellow  lime  flttmes  are  obserred 
at  th«  mper  opening  of  the  furnace,  nnd  the  conWnta  of  the  kibi  are  uniformly  healed 
to  a  mifficiaiit  degree.     The  time  occnpled  by  the  operation  in  eeventv-two  hours. 

Fig,  170  repreMnte  a  kiln  of  novel  conBtcoction  by  Swann,  in  which  20  per  cent. 
](■•  I^  ii  Teqniied  than  in  ordinary  kilns,  l  is  a  chamber  of  the  kitit  formed  by  tiie 
mrch  (r  r),  s  the  firdplace,  famished  with  an  endless  iron  grate  (e  c),  reTolving  upon 
the  roUan  faa).  d  U  a  funnel  for  admitting  the  coal,  e  b  flue  through  which  the  hot 
gnnw  MM  lato  the  chimney ;  A  is  a  smatL  truck  for  reception  and  romoral  of  the  ash 
*iid  GOke^Ulig  ttam  the  binder  part  of  the  moTCshle  grate. 

In  vorkiiig  the  kilD  it  is  first  charged  with  piecee  of  limestone  (bb),  and  heated 
with  hot  air  ftoni  other  kilnj ;  the  fire  Uma  is  ignited  and  fuel  thrown  in  through  the 
'l^FP*'  (») :  It  means  of  the  tiarelling  endlees  benrtli  (c)  the  fuel  is  passed  along  the 
Are  gnte  at  inch  b  rate  that  it  is  compleluly  burnt  by  the  time  the  part  of  the  grate 
it  Ula  upon  get!  to  the  other  end  of  the  fire.  The  air  draught  and  fuel  supply  are 
ngnlatad  liy  meani  of  aliding  dampem  in  front  of  the  funince. 

A  Dmber  of  kilns  of  this  kind  are  placed  together  in  such  a  way  that  the  hot  ait 
can  ba  nude  to  paai  from  one  kiln  to  iJie  other.    Fig.   1 7 1  represents  a  lioriioDtal 


tV3.  111. 

■Miini  of  a  ayftam  of  the  kind,  where  a  number  of  Swann's  furnaces  are  grouped 
''(■thr;  Bs  an  the  indiTidual  kilns  communicating  with  one  another  by  means  of 
'^lM(ao),irtiich  open  in  the  arch  of  one  rnmace,  und  terminate  at  the  hearth  of 
''■■ontoiM.  Thaae  ftnea  admit  of  Imng  closed  by  a  sliding  damper,  which  remains 
(ViNddiiiif  the  diyiog  of  the  furnace,  and  is  opened  after  that  operation  is  orar  so 
Mtoadajt  dw  hotsil  into  the  next  furnace.  During  tlie  preliminary  heating  or 
"IT^IPBMM  the  hot  gases  escape  through  the  flues  (kb)  into  thechimi 

I*T*tirtMi  bot  air  dreulates  and  is  conduct   ' 

!*•  t»-^lMm     The  method  of  heating  this  ai 


*  Limt  KUiu  are  variously  ramstrnctod.     Fip.  172  and  173  represent  a 

*fao(  A*  kind.  It  is  funnel  shatind  at  the  upper  part  {abed)  and  cylindrical 
4im1  at  the  lowsr  put,  below  the  line  en.  Its  greatest  diameter  at  a  i  is  13  feet, 
ifctwt  Ciwetar  at  ciaaU  b)  feet ;  its  depth  dnwn  to  c  if  is  a)iaut  1 3  feet.  The  arches 
hi/.  lO  I***  »aMU  to  the  interior  of  the  kiln  for  druving  Uie  burnt  lime,  and 
•^  ■•  It  the  low««t  part  36  inches,  and  st  tho  highest  pjirt  abont  %\  feet  high. 
BawMtHM  fcr  drawing  the  lime  are  30  inches  high,  IS  inehoe  wide,  nnd  they 
WAidid  I7  pillars  into  two  equal  halrea.  The  hearh  of  the  fumare  is  furnished 
riA  •  eooe  IS  iuehea  high  haiing  at  its  hnso  a  diameter  of  30  inches;  the  flue 
iffmkik)  ia  lor  cairyiDg  off  the  gases  eToWed,  so  as  to  facilitate  the  working.  Dry 
mmm  tA»  is  naad  as  fnel.  The  limeetone  is  broken  into  piecee  about  l|  inches 
tU  Bid  I  to  fi  inchea  in  breadth  and  length. 

!■  wo^ng  this  kiln  a  small  quantity  of  dry  wood  is  placed  upon  the  hearth, 
Vith  aboot  11  bnihrls  of  conl,  and  abora  that  S  bushels  of  broken  limestone. 
lUtwaata  lajert  of  t  to  IJ  inches  i,i  oosl,  and  of  limescune,  0  inches  thick,  are 
thMi  pot  in  until  tho  kiln  is  quite  full,  and  then  the  wood  npnn  the  brorth  is  set 
bmXa.  In  pn^Mrtion  as  the  fael  bums,  the  calcinoil  lime  sinks  down  and  is  drnwn 
oat  thraa^  the  holea  at  the  bottom  of  the  kiln  ;  fresh  limestime  and  fuel  Iwing  at  tlie 
■Ba  tiaM  pot  in  abore.  If,  upon  drawing  out  the  lime,  it  should  bu  insnfficientlT  or 
too  awk  MnL  the  proportion  of  fnd  added  in  ehuging  the  kiln  is  incTsassd  or 
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tliis  kini]  are  plnrnd  together,  ho  thaC  the  nnabsorbad  nrbMiia  acid  oKapiiig  &d 
first  chnmber  is  cnnclncted  into  the  lecoad  and  tfaiid,  etc.,  for  complete  sMo^itiaa 
rharging  und  ciiijitjing  of  the  chambers  am  etTocted  thioiigh  a  Ularal  openia^^ 
-'  ~Knl  during  thi-  opetmion  by  a  plate  (a). 

The  Bait  la  dried  either  b^  paawDg  Uiougb  the  et 


gne  hrab^l  to  4U",  or  bj  burning  chnrooal  on  branen  placed 
The  oirbonic  acid  used  for  prepARng  ndiniu  bicarbonate 
buned  b;  treating  a  cnrljonate  with  a  minend  acid. 


An  appamtuB  for  preparing  lodinin  bicarbonate  io  thia  mamier  ii  i  mmi^lri  tr 
(tg.  163.  It  consists  of  an  iron  ganentor  (a)  lined  with  lend,  a  wuh  ranal  (»\  id 
the  woodeD  sbeurption  reBscIs  (i  und  i.).  The  raw  mntciial  from  which  earhtnie  III 
is  to  be  generated  is  placed  in  the  gene>«toF(a)and  mixed  with  water,  tlie  mixUn  b^ 


constHotlj  stirred  by  the  sgitMor  (b  b),  driven  by  a  stnp  on  the  Eut  and  looMidif 
(cd).  ByopeningthetAp(D)su]phniic  add  of  specific  graTity  1-iOB  to  l-dSliamMi 
Ihe  genarator  thcongh  the  funnel  (d'),  and  causes  eTolntion  of  carbonic  add.  Ita  i* 
lABsea  through  the  tube  (p)  into  a  wash  vessel  (o)  filled  to  aboat  one  half  wilt  fiK 
and  from  thence  through  the  tube  (k  u  h),  entering  the  absorption  ynael  (l)  tbt^ 
the  perforated  bottom,  npon  whirh  tiie  sodium  i^arbonate  is  placed.  AaintbeqfnH 
previously  mentioned,  a  number  of  chamben  of  this  kind  are  connected  logeUMfMuli 
■Gcnre  oa  complete  an  absorption  of  the  carbonic  acid  as  poeaible.  The  woldN  iril 
are  charged  and  emptied  at  (i).  The  water  liberated  when  cryat»lljsed  oAeoita  k 
employed  collects  belov  and  ia  drawn  off  by  a  cock  (»). 

The  carbonate  most  commonly  employed  for  genemting  carbonic  aad  ii  hUh 
carbunato,  in  the  form  of  chnlk,  marble,  dolomite,  etc,,  and  it  ia  decooipoasd  (ithM^  . 
■niphnric  or  hydrochloric  acid.  The  use  of  mngnesite.  which  was  formeriy  the  M  ■■ 
material  employed  for  generating  carbonic  acid,  haa  considemblj  deeteaaed  of  M 
owing  to  the  fact  thnt  the  hieserite  mud  of  the  StasBfurtpolashvorluia  snduieialW 
and  cheap  material  for  the  preparation  of  magncBinm  sulphate  (Epsom  salts).  And* 
material  sometimes  osoil  for  genemting  carbonic  add  is  witherite  (barinm  LaiLoWlil 
bariom  salts  being  then  obtained  as  by-products. 

Another  acid  aodinm  carbonate,  commonly  called  aesqnicarbonats,  is  ft*^ 
undac  carUin  conditions,  and  it  occnca  naturally  as  a  deposit  &om  the  ' ' "" 


ig  sodium  carbonate,  the  materials  known  a»  trona  and  nrao (onailiiC 
FthiaaalL    Its  compositioD  is  ceprassnted  by  the  formula  NaAlCOpW 
igsTdsd  either  as  a  compound  of  two  moleculeB  of  bbuLibI  bo 


chiefly  of  thia  aalL    Its  compositioD  is  ceprassnted  by  the  formula  StfiJUX,' 
it  may  bo  regBjdad  either  as  a  com         '  .      >       -       .    .      ..        ._i— 

with  one  molecule  of  carbonic  acid 

2Na,C0,  +  H,CO,. 
or  as  a  compound  of  one  molecule  of  aontral  carbonate  with  two  nolMnlM  tiiai^^m 

Na,C0,  +  2NaHC0r 
This  salt  aTstallises  in  rhombic  prisms  which  oint&in  two  molacnlea  of  « 
IS  less  Holable  than  the  neutral  carbonate  and  more  solnble  Uian  the  acid  CHlMcati   I 
Tbbtb  eon  SonicK  Bicibpohatb.     Qaa  lilative   Tetlt. — The  presence  of  mIimL 
moaocarbonate  in  sodium  bicarbonate  is  nscprtained  by  treating  a  small  P>^<'''^4 
solution  of  the  latter  with  a  few  drops   of  a  solution  of  magneAnln  ssJl^Bta.   ^ 
cloudineeaorpredpitate  indicates  the  preisenco  of  sodium  monocarbonate.  ^^; 
of  chlorine  is  ascertained  bv  adding  a  few  drops  of  a  solution  of  silver  nitrate, 
with  a  drop  of  nitric  acid,  to  a  solution  of  sodium  bicarbonate.    Awhitap 
or  cloudiness  indienlcs  the  preaence  of  chlorine.    Sodium  sulphate  is  fbnnd  _, 
a  solution  of  aodinm  bicarbonate,  previoualy  addulated  with  hydnchlotifl  Mil. ' 
bnrinm  chloride,  whieb,  if  sulphate  is  present,  canae*  a  white  piedinlate  of  *~ 
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of  heat.  The  height  of  tho  kiln  from  tho  hearth  to  the  mouth  is  about  88  feet^  its 
greatest  <liameter  9  foct;  the  mouth  is  6  feet  wide,  and  the  lower  part  6^  feet  wide. 
About  12  f.^t  above  the  hearth  of  the  shaft  are  the  furnac(>8  {bb),  by  which  the  kiln 
is  heated,  of  which  there  are  three  in  a  kiln  of  the  above  dimensions,  and  four  or  five 
in  larj^er  kilns.  Tho  opening  (^)  of  the  furnace  is  closed  by  a  door,  and  air  passes 
under  the  grate  at  (A),  from  tho  ash-pit  (t),  which  is  so  placed  thiit  tho  ashes  are 
raked  into  the  arched  chamber  (e).  The  kiln  is  enclosed  by  an  outer  wall  (bb);  and 
the  gases  from  the  kiln  pass  through  tlic  fine  (k)  into  the  chamber  (p).  The  burnt  lime 
is  drawn  out  through  a  hole  {a  a)  that  can  be  closed  by  an  iron  door.  This  kiln,  like 
the  former,  is  first  heated  at  the  discharge  aperture,  and  afterwards  by  means  of  the 
fomaoes  {bb).  A  kiln  of  the  kind  with  three  fireplaces  yields  a  daily  produce  of  3  to 
t  tons  of  burnt  lime. 

Lims  Kilns  heated  by  Gaa  have  been  only  recently  introduced.  Steinmann  has  con- 
structed a  kiln  of  the  kind  in  which  the  gas  is  generated  in  special  generators  beneath 
the  Aaft  of  the  kiln,  and  having  been  deprived  of  tar  vapour  in  a  suitable  chamber, 
ifl  at  once  passed  into  the  kiln.  This  kind  of  kiln  is  said  to  be  especially  adapted  for 
•ogar  works,  since  both  lime  and  carbonic  acid  can  be  obtained  of  groat  piirity. 

lime  is  said  tobedead  burnt  when  it  has  been  too  strongly  heated,  and  with 
the  silica,  alumina,  etc.  it  contains  fhade  to  undergo  a  kind  of  partial  Aision.  When 
insulBdentlv  burnt  the  interior  of  the  lumps  still  consists  of  carbonate.  Both  dead- 
burnt  and  half-burnt  lime  are  useless  for  the  ordinary  purposes  to  which  lime  is 
applied. 

The  accompanying  table  gives  tho  results  of  analyses  of  fat  and  meagre  limestones, 
as  well  as  tho  burnt  lime  obtained  from  them  : 


limestone  employed : 
Galdnm  carbonate  . 
Magnesium  carbonate 
Clay  and  iron  oxide 
Manganous  carbonate 

Burnt  lime  obtained : 
limo 
Magnesia 

Clay,  iron  oxide,  and 
manganese  oxide . 

Fat  Limestone 

Vichy 
(Allier) 

Paris 

Ville- 

franche 

(Avey. 

ron) 

CMtcau 

Landon 

(&et  M> 

St.Jaqucs 
(Jora) 

Craie 
de  Paris 

Laf^enx 

near 

Lyons 

97 
2 

1 

96-4 
1-8 

1-8 

96-5 
2 
1-5 

05-4 
1-8 

2-8 

98-6 
1-6 

972 
2-8 

94-.'i 
1-6 
3-9 

_ 

91-6 
1-5 

0-9 

87-2 
10 
2-8 

86 
9 

5 

746 

24-3 

1-2 

78 
20 

2 

60-7 
30-3 

3 

6 

60 
26-2 
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chief  use  of  lime  is  for  preparing  mortar,  by  mixing  1  vol.  slaked 

lime  (containing  about  70  per  cent,  of  water)  and  2  vols,  sand  with  water,  until  they 
fbrm  a  stiff  paste.  The  hardening  of  mortar  takes  place  iti  two  ways — first,  a  partial 
diyiog  and  contraction  without  acquiring  any  great  solidity,  and  then  by  the  combina- 
tioo  with  carbonic  acid  and  the  conversion  of  caustic  lime  into  calcium  carbonate. 
After  a  considerable  lapse  of  time,  calcium  silicate  may  also  bo  funned  in  some  cases, 
tba  silica  being  dorivea  from  tho  sand. 

lime  is  also  used  in  the  preparation  of  caustic  alkalies  and  ammonia,  in  soap 
boiliiig,  for  precipitating  magnesia  from  brine  liquors,  in  the  propamtion  of  bleaching 
pQfvdsr,  potassium  chlorato,  certain  dbinfecting  powders,  for  clearing  solutions  of 
sodft,  tat  xemovine  carbonic  add  from  mineral  waters  and  precipitation  of  calcium 
carbonate  retained  in  solution  by  tho  carlx)nic  acid.  Considcmblo  quantities  of 
Hms  are  used  in  preparing  hydraulic  mortar,  for  purifying  illuminating  g&s  from  car- 
bone  add  and  sulpouretted  hydrogen,  by  Laming's  process.  Lime  is  also  used  for 
dseomposing  Qlauber's  salt  in  the  manufacture  of  soda,  for  bleaching  some  kinds  of 
tissues,  for  purifying  the  air  in  pits,  wells,  collars,  etc.  which  contain  dangerous  gases, 
such  as  carbonic  acid,  suljphurotted  hydrogen,  etc. ;  in  ])repnring  indigo,  in  tlio 
dressing  of  com,  and  in  tno  manufacture  of  sugar.  Lime  is  further  extensively 
employed  in  the  manufacture  of  glass,  in  treating:  raw  pyrol igneous  acid  for  wuod 
spirit)  and  acetic  acid,  in  tho  preparation  of  alum  from  cryolite,  in  tho  manufacture 
of  stearic  acid,  as  an  admixture  for  forming  Hltar  in  bhifit  furnaces  and  other  metal- 
Inigical  process^  for  runi«>viii^  hair  from  the  skin  in  tanning,  for  producing  the 
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Drammoiid  light,  in  the  preparation  of  a  large  nnmber  of  organic  subetanees  (citric^ 
tartaric acida,  etc) ;  for  pniiiTing  camphor,  for  preserving  eggs,  fruit,  etc ;  in  the  pre- 
paration of  absolute  alcohol,  in  the  manufacture  of  a  number  of  lutings,  as  paint ;  for 
removing  mould  and  acids  from  fermenting  vats,  etc. 


OA&cnna 

FovmnjL  CaHfO,.    Molkculab  Wuoht  74. 

Calcium  oxide  combines  with  water  at  the  ordinary  temperature,  fbrming  the 
hydrate,  great  heat  being  evolyed  in  the  combination.  This  process  is  techniadly 
known  as  slaking.  Upon  mixing  2  parts  of  pure  lime  with  1  part  water,  the  tem- 
perature of  the  mixture  rises  to  300^.  The  calcium  hydrate  or  slaked  lime  thus 
formed  is  a  light,  white  powder,  occupying  about  3  times  as  great  a  volume  as  the 
lime  from  whidi  it  was  produced.  Water  dissolves  at  the  ordinair  temperature  14 
per  cent  of  this  calcium  hydrate,  while  boiling  water  dissolves  only  about  one-half 
that  quantity.  Upon  evaporating  aoueous  solutioiis  of  calcium  hydrate  (lime  water), 
the  hydiate  is  obtained  in  the  crystalline  state. 

Calcium  hydrate  rapidly  absorbs  carbonic  dioxide  from  the  atmosphere,  forming 
c^V-^nTn  carbonate.  When  a  somewhat  thick  mixture  of  lime  and  water  is  exposed  to 
the  air  it  gradually  hardens,  owing  to  the  absorption  of  carbonic  acid ;  to  this  cause 
is  due  the  hardening  of  mortar. 


FOBMUUL  CaCO,.     MOUECULAS  WmOHT  100. 

Oeonrreiioe. — Calcium  carbonate  occurs  very  abundantly  in  a  great  Tariety  of 
forms.  In  a  pure  state,  as  calc  spar,  it  is  a  colourless  transparent  mineral,  but  is 
often  coloured,  owing  to  the  presence  of  iron  manganese,  etc ;  it  forms  crystals  belong- 
ing to  the  rhombohedral  sjrstem. 

Aragonite  is  another  form  of  calcium  carbonate,  crystallising  in  rhombic  prisms. 

Calcium  carbonate  also  occurs  combined  with  magnesium  carbonate  as  dolomite, 
CaMg2C0„  crystallising  in  rhombohedra ;  when  pure  it  is  colourless,  but  more  fre- 
quently it  is  of  a  yellow,  grey,  green,  or  brown  colour,  owing  to  the  presence  of  iron, 
etc.    Entire  mountain  ranges  consist  of  dolomite. 

Marble,  limestone,  and  chalk  all  consist  of  calcium  carbonate,  in  a  more  or  less 
pure  state ;  they  often  constitute  entire  mountain  ranges.  Marble  has  a  crystaUine 
structure,  and  when  pure  is  perfectly  white ;  but  it  is  often  coloured  by  admixtures  of 
various  metallic  oxides,  as  well  as  organic  substances.  It  occurs  in  layers  in  gneiss, 
micaceous  schist,  clay  slate,  and  other  rocks.  Marble  of  an  especially  beautiful  kind 
is  found  at  Carrara  and  Serravezza  in  Italy.  Chalk  is  a  less  pure  calcium  carbonate 
than  marble ;  it  occurs  in  England,  North  France,  Denmark,  etc.,  often  oonstitating 
extensive  strata.  Ordinary  limestone  is  a  hard,  opaque  mass,  often  crystalline;  it 
occurs  as  extensive  beds.  Its  colour  depends  upon  its  mode  of  occurrence,  either 
smoky  grey,  yellow,  brown,  or  black.  It  nearly  i^ways  contains  a  small  quantity  of 
magnesium  carbonate  and  clay.  Marly  limestone  is  the  name  for  a  variety  of  lime- 
stone very  rich  in  clay,  etc.  The  stone  used  for  lithographic  purposes  is  a  kind 
of  schistous  limestone  occurring  in  Bavaria.  Stalactites  and  stalagmites  likewise 
consist  of  calcium  carbonate.  They  owe  their  formation  to  calcareous  water  impreg- 
nated with  carbonic  acid  dropping  slowly  from  the  roofs  of  caverns,  and  losing  the 
greater  portion  of  its  carbonic  acid  upon  coming  into  contact  with  the  air,  which 
causes  a  gradual  deposition  of  calcium  monocorbonate.  Depositions  of  calcium  mono- 
carbonate  are  in  like  manner  formed  round  springs,  in  water  pipes,  etc 

Charaoters. — Calcium  carbonate  is  a  colourless  tasteless  substance  very  sparingly 
soluble  in  water,  requiring,  according  to  Frosenius,  10,601  times  its  weight  of  cold 
water ;  the  solution  has  a  slightly  alkaline  reaction  upon  test  paper.  As  prepand 
artificially  calcium  carbonate  has  the  form  of  a  white  powder,  but  the  particles  gene- 
rally have  the  crystalline  form  of  calc  spar.  Calcium  carbonate  is  decomposed  at  a  dull 
red  heat  and  readily  fives  off  its  carbonic  dioxide,  especially  when  heated  in  a  current 
of  air,  by  which  the  disengaged  carbonic  dioxide  is  removed. 

Uses. — Calcium  carbonate  is  used  for  a  great  number  of  purposes  in  chemical 
operations  as  well  as  for  preparing  lime. 
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FoBMXTUk   CaF,.      MOLBCULAB  WmOHT  78. 

Hub  substance  occurs  abundantly  as  flu  or  spar,  and  is  chiefly  important  as  a 
source  of  hydrofluoric  acid.  It  is  also  used  in  some  cases  as  a  flux  in  smelting  opera- 
tions. 


FoBMiTLA  CaSOf.    MoLBOULAB  Wbioht  136. 

u — Anhydrous  calduro  sulphate  occurs  as  anhydrite,  sometimes  in 
the  state  of  crystals,  but  chiefly  as  a  coarse  compact  mass. 

In  the  hydrated  condition  calcium  sulphate  occurs  as  gypsum,  in  great  abundance, 
•specially  accompanied  b^  common  salt.  It  is  sometimes  found  in  colourless  crystals 
belonging  to  the  monoclinic  system ;  sometimes  also  in  large  crystalu  which  consist 
of  rery  Uiin  laminae,  in  which  form  it  is  known  as  selenito;  it  also  occurs  as  a 
granolar,  crystalline,  and  transhicent mass  known  as  alabaster;  morooftt^n  in  coarse 
crystalline  masses  as  gypsum,  either  in  the  ordinary  granular  condition,  or  as  fibrous 
gypsum.  The  occurrence  of  calcium  sulphate  dissolved  in  water  has  already  been 
mentioned  in  treating  of  water. 


i — Calcium  sulphate  is  sparingly  soluble  in  water,  100  parts  of 
water  dissolying  only  0*205  parts  of  gypsum  at  0^  0237  parts  at  12^,  0254  parts  at 
35^  0-251  parts  at  50^  or  0*217  parts  at  100^.  The  solubility  is  therefore  greatest 
at  a  temperature  of  35°. 

Calcium  sulphate  is  more  readily  soluble  in  dilute  nitric  or  hydrochloric  acid, 
and  concentrated  sulphuric  acid  dissolves  considerable  quantities.  The  solubility  is 
increased  by  solutions  of  sodium  chloride,  potassium  chloride,  sal  ammoniac,  etc. 

Oypeum  when  heated  to  100°  first  of  all  gives  up  15  per  cent,  of  its  water ;  but  in 
order  to  drive  off  all  the  water,  it  must  be  heated  to  170^.  Gypsum  deprived  of  its 
water  by  hoatingis  termed  burnt  gypsum,  or  Plaster  of  Paris ;  and  it  possesses  the 
property  of  hardening  when  mixed  with  water,  the  process  being  accompanied  by  the 
evolution  of  a  considerable  quantity  of  heat.  Gypsum  is  said  to  bo  dead  burnt  when 
it  has  been  heated  so  much  that  it  has  become  slagged  at  the  surface,  and  in  this  con- 
dition it  is  destitute  of  the  power  of  combining  with  water,  like  the  natural  anhydrous 
calcium  sulphate,  anhydrite. 

The  baraening  of  burnt  g^^^suoi  when  treated  with  water  is  due  to  combination 
with  water;  1  molecule  of  burui  g^-psum  combining  with  2  molecules  of  water;  if  an 
excffls  of  water  be  taken,  it  remains  simply  mechanically  mixed  in  the  oystals  of 
bjdratod  calcium  sulphate. 

The  hardness  of  the  hydrated  mass  after  treatment  with  water  depends  in  part 
upon  the  proportion  of  water  taken,  and  in  part  upon  the  constitution  of  the  gypsum 
before  burning.  The  best  plaster  of  Paris  is  yieldinl  by  gypsum  consisting  m  indi- 
vidual, dense,  granular  crystals,  containing  only  a  very  small  amount  of  calcium 
carbonate,  and  but  a  trace  of  clay. 

Ckx>d  gypsum  properly  burnt  absorbs  about  its  own  volume  of  water,  and  forms  a 
haid  mats,  the  absorption  being  accompanied  by  a  slight  elevation  of  temperature. 
Plaster  of  Pkris  prepared  from  compact,  fibrous,  or  laminated  gypsum,  absorbs  much 
more  water,  but  the  product  is  less  hard.  The  cause  of  this  different  behaviour  is  that 
very  finely  divided  burnt  gypsum  becomes  hydrated  throughout  its  entire  mass,  and 
expands  so  that  the  particles  are  less  closely  aggregated,  while  the  plaster  of  Paris 
made  from  granular  g3rp6nm  retains  its  structure  after  burning,  and  when  treated  with 
water  becomes  hydrated  only  at  the  surface  of  the  individual  granules  in  the  first 
instance,  further  absorption  of  water  taking  place  slowly  afterwards  and  without  so 
much  expansion  of  the  mass. 

When  plaster  of  Paris  that  has  been  slaked  and  become  hard  is  reduced  to  powder 
and  again  mixed  with  water,  it  sets  again  after  a  short  time,  but  the  product  is  not  so 
hard  as  before.  This  operation  may  be  repeated  four  or  five  times  when  the  g3rpsum 
is  of  good  quali^,  and,  indeed,  it  is  a  simple  means  of  determining  the  quality  of 
plaster  of  Paris.  A  good  sample  may  be  treated  in  this  way  five  times  with  an  equal 
volume  of  water  without  entirely  losing  the  power  of  setting. 

From  the  property  posseHSod  by  plaster  of  Paris  of  absorbing  water  with  great 
triffity,  it  is  obrions  that  it  requires  keeping  out  of  contact  with  moist  air. 
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Vr«p«i«tlon.— Thebnniingaf  OTdiDaijgTfKnm  was  formarly  oanUd  « 
h&TiiigaconitinctioonpreMnted  hjSg.  176.  bang  fonnad  of  Uitm  wtlUeo 
a  roaf  of  irood  or  ]n>D  covered  vith  till 
piaces  of  g;{miiii  are  pited  ap  in  thii  ehn 
to  form  n  nriea  of  ircbra,  eacb  arch  bana 
tnre  of  12  to  IS  iochea.  and  tha  amalla 
g^pmiD  are  beapvd  nlnTet  Ije  anhea. 

Dry  wood  is  OBtd  u  fuel,  bnuhvood 

beat.    The  flame  penetrati«  the  ipacaa  ba 

piecoa  of  gypsum,  and  aJUr  a  time  UMhMp 

OTcr  vith  mora  iman  piecea  of  gypcnm. 

P  to  tvclre  boniH,  if  tbe  gypanm  be  (ofBdai 

the  mpply  of  fasl  ■■  ttopmi  and  the  mai 

over  vith  refuae  eyp*<'°>  duat,  which  beooi 

burnt  and  thiu  iDcraaaea  the  peld.     A: 

or  six  honra.  the  aichee  are  broken  don, 

brokeo  into  paecea,  and  padtad  in  aacXa  for  the  market. 

1118  Di^od  of  bnining  gypaum  ia  of  cuuise  reiy  imp«rftet,    Upail 
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de«dlrats^ 
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allowed  to  cool  for  about  fl 
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abnft  kilni 
paratiTelf 
iiaad,  owui( 
eODicing 
Ueatlenti' 
may  hava  ■ 

lime  kilna 

and  173,  p. 

The    w 

re  of  a  cubical 


tricta;  they  hare  either  afbrm  aucb  aa  ahowa  in  flg.  I7S,  oi 
rounded  ei^ea,  cyliadncal,  etc  They  are  charged  by  flnt  of  all  building 
hearth  la^e  pieces  of  gypaum,  so  as  to  form  two  Are  channels  serviDg  tha 
ignitiug  thakiln  thrangh  the  atokeboles,  and  Iben  the  kiln  is  filled  by  pflingn 
layeis  of  fuel  and  atones.  In  aome  placea,  after  being  ctiargsd  in  tha  abol 
heaping  up  of  alternate  layera  of  fiiel  and  itanoa  is  continued  until  a  stock  1 
protrudea  abore  the  mouUi  of  the  faroace.  The  kilns  are  £et  going  b;  mi 
upon  the  grata,  which  is  kept  up  for  a  day  oc  a  daj  and  a  hnlf.  By  me 
Are  choaaels  the  combustion  ia  propngateJ  to  the  upper  layera  of  flu 
whole  maCB  ia  thne  ignited.  When  tbe  burning  is  OTer,  the  Are  cbannela  . 
down,  and  the  whole  allowed  to  cool,  no  as  to  lit  it  for  romoriil. 
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Ojpcam  kUm  ue  HimetiDui  heaUd  bj  the  hot  &ii  from  coke  or 
btuuing  doe*  not  requiro  a  vsr;  high  tempentare,  and  adTanlags  is  taken  i: 
taata  of  ths  waata  beat  eaisping  from  coke  otbub.    Figs.  177  and  17B  Tepr— 
aiTsiuement  of  the  kind.    1 1!  i."  are  the  coke  oreni  from  which  the  hot  a: 
ducted  into  the  common  flue  (c),  whence  it  ptuea  tbroagh  (d)  and  the  opsnitigB  (J) 
^  -     -■- '  ■■  '"      ■-'     Thehotair 


into  tba  cbombera  (bb'b^')  d 


pancetl 
from  the 


.  kii..  (.). 


,  ,       ler  the  grat4Be  of  the  gypann  ,  . 

we  thjongh  tlie  grpaam  maaa  and  is  caodueted  togetner  with  the  Btc&m  escaping 
n  thegjptom  into  flueaaboTe  tbeoTana,  eecaping  flnalljioto  the  common  cMmnej 
li.>.    r  ii  an  opening  foe  cbugtng  and  emptjiog. 

Domaanira  gypnun  kiln  in  aboirn  in  lectioB  in  fig.  170.  a  brickwork  foundation ; 
B  finplwe  beneath  the  heanh ;  b'  chaonel  for  admittiog  the  fuel ;  b"  opening  for 
dnnglituid  withdrawal  of  ash;  re  6  to  8  channels  for  conductiog  the  hot  air  from  the 
flnfJace  (a)  into  the  combnAion  chamber  (n).  These  channels  tacminata  at  the 
iMMth  in  a  eonesponding  nomber  of  cast-inn  mouth-piecca  (i,  tiga,  180  and  181^ 
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with  abont  twent;  or  thirty  lateral  slit^  through  which  the  bat  air  poMcc 

iDtp  the  comboition  diomber ;  /is  an  opening  for  admitting  the  first  charge  of  slonee 
aa  wall  aa  &r  etnptjing  the  furnace ;  /*  is  an  opening  through  whii^h  the  filling  is 
emplated  ;  gg  an  snwl  channels  kept  open  at  the  beginning  af  the  opentioa  so  M 
to  MOW  of  tba  eacape  of  the  large  quaatitiea  of  steam  BTolred,  but  these  openings  are 
flnaltj  closed  townrda  the  end  of  the  opeiatiDn,  the  chief  chimnej  then  semiig  for  con- 
dnaing  <Jt  the  steam. 

TIm  [uacat  of  npmm  having  an  areroge  diameter  of  4  or  5  inches  are  set  up 
w«laealljiD  thakilni  the  larger  ouea  being  placed  at  the  bottom,  and  the  smaller 
piceMpled  npon them. 

Sjrpnun  pr^aied  according  to  the  methods  above  descrilied  is,  however,  not  suited 
for  ftne  esatinn;  averj  white  and  plastic  ^psnm  being  required  for  such  purposes. 
la  ptopaiiBg  hM  batter  kinds  of  plaster  of  rarie,  great  core  mast  be  taken  to  secure 
■i£im  tmining  of  the  gypsum,  and  the  admixture  of  ash  from  the  fuel  employed 

In  batning  gypsum  reqmred  for  artistic  purposes,  it  ii 
pnvder  «>d  ImMm  vei?  cuefully  in  meCoUie  cauldrons,  or  1 


PUsMr  of  Fariaof  goodquality  ia  sometimes  prsinred  by  burning  homogeneous 
|iiirm  of  gjfsom  upon  the  hearth  of  an  ordinorv  baking  oven.  The  oven  is  flrat  of 
ml]  bMtad  to  radDess.  the  fuel  nnd  luh  then  witlidrairn,  and  the  pieces  of  gypsum  laid 
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upon  the  hearth.  The  gypsum  for  this  porpose  ought  to  be  of  a  gramilir  erjMJ» 
nature,  and  not  of  very  dense  stmctnre.  According  to  this  method  no  dead-bint 
gypsnm  can  be  formed,  since  the  oven  is  not  too  hot,  and  its  tompentnre  if  udi 
reduced  by  the  cold  gypsum.  The  lumps  are  left  in  the  oven  until  a  portioB  tpoi 
being  taken  out  and  tested  is  found  to  have  been  burnt  through. 

Hardening  of  Gi/psum. — ^Many  kinds  of  gypsum,  when  burnt  and  slaked,  jioU ft 
yery  soft  product,  and  even  gypsum  of  the  best  quality  may  be  easily  Bcratehsi  It 
is  only  recently  that  a  method  has  been  discovered  for  preparing  a  harder  and  attb 
same  time  less  soluble  ^psum.  The  operation  consists  in  burning  pieces  of  gjff^ 
about  the  size  of  a  fist  in  suitable  kilns  at  a  scarcely  perceptible  red  heat  Ate 
burning  the  g^'psum  it  is  placed  in  a  solution  of  alum,  containing  12  per  cent  of  thi 
salt,  at  a  temperature  of  35^.  After  the  lapse  of  two  or  three  hours,  the  gypmii 
taken  out,  drained,  and  dried  at  a  gentle  heat,  and  again  submitted  to  a  burmBginH 
cess,  as  before.  The  gypsum  that  has  been  thus  twice  burnt  is  'powdered  and  rimi 
When  required  for  use,  it  is  either  mixed  with  water,  or  still  better  with  a  solvtioirf 
alum,  containing  7  to  8  per  cent  of  the  salt.  To  form  a  proper  paste  only  56  to  57  pv 
cent,  of  liquid  is  required,  while  ordinarily  good  plaster  of  Paris  requires  67  to  100  per 
cent,  of  water.  But  while  the  plast<>r  containing  alum  requires  fifty-fiye  to  iaij 
minutes  to  harden,  that  without  sets  in  about  fifteen  or  seventeen  minutes;  it  hMk 
however,  the  great  advantage  over  ordinary  plaster  of  being  very  much  hazder;  indiei 
it  is  almost  as  hard  as  marble,  and  may  be  struck  moderately,  with  a  hammer,  w/J^ 
out  b<>ing  injured.  The  mass  when  struck  gives  a  ringing  sound.  Alumed  piMterii 
further  only  very  slightly  soluble  in  water,  so  that  casts  made  of  it  may  be  wukid 
without  injury. 

This  effect  of  alum  upon  gypsum  has  not  at  present  been  explained ;  it  isihowm^ 
probably  duo  to  the  formation  of  a  double  salt  of  potassium  and  calcium  sulphata^ 

The  use  of  other  salts  in  place  of  alum  for  nardening  gypsum  has  been  tncd, 
but  without  success— such  as  borax,  soluble  potassium  silicate,  potassium  oarbout% 
Hcignette  salt,  etc. 

For  the  superficial  hardening  of  gypsum  casts  Knaur  and  Knop  recommfnd  lad- 
ing them  with  a  mixture  of  potash  water-elass  solution,  and  a  solution  of  eaflUed 
milk  in  caustic  potash.    Objects  thus  treated  may  be  washed  without  danger. 

Uses. — G^ypsnm  is  seldom  employed  in  an  unbumt  condition,  except  as  a  buy- 
ing stone,  which  is  of  little  durability,  owing  to  the  solubility  of  gypsum  in  mter. 
Alabaster  is  u^ed  for  making  vases,  table  slabs,  etc.  Gh^psum  powder  is  used  ftr  (k- 
composing  ammonium  carbonate  in  the  preparation  of  ammonium  sulphate,  ii* 
manure,  Immt  gypsum  is  preferable,  owing  to  the  greater  £ficility  with  which  itflV 
bo  reduced  to  powder.  Natural  gypsum  is  fhrther  extensively  used  for  mndag  vit^ 
colours,  etc.    Anhvdrite  is  used  for  making  vases,  mouldings,  etc. 

Plaster  of  Pans  is  very  extensively  used  as  a  cement,  and  for  making  monMJugf^ 
ceilings,  and  various  ornaments,  etc.  No  other  substance  can  be  so  cheap^w 
quickly  used  for  casting  and  luting.  Plates  furnished  with  grooves  and  pins  are  fllA 
from  gypsum ;  they  are  used  for  dry  partition  walls,  for  which  purpose  old  nortA 
coal  ash,  broken  pieces  of  crockery,  bricks,  etc.  may  be  added  to  the  gypsum  so  M  to 
render  the  mass  cheaper.  Dumesnil  prepares  useful  bricks  in  the  following  vij:  T 
parts  by  weight  of  alum  arc  mixed  with  6  parts  of  lime  fiour,  and  1  part  of  yW 
ochre,  uie  wnole  being  stirred  up  with  500  parts  by  weight  of  water  and  1  pKt^ 
glue  dissolved  in  five  parts  of  warm  water  added.  This  mixture  is  then  poB^ 
over  900  parts  of  gypsum,  450  parts  of  river  sand  being  added  at  the  same  tisi 
The  paste  obtained  is  cast  into  moulds  and  dried  when  set.  In  order  toseeiuv^ 
bridu  against  the  solvent  action  of  rain  water,  they  are  painted  over  three  timet  vitt 
a  solution  of  potash  water-glass  of  specific  ^avity  1*15  to  1*20. 

A  very  common  application  of  gypsum  is  for  casting  all  kinds  of  medals,  stiM 
busts,  etc.  Qypsum  moulds  serve  for  casting  in  gypsum  as  well  as  in  metal,  ■!* 
for  preparing  galvanoplastie  reliefs,  and  busts,  etc.,  for  which  purpose  the  gfP>f* 
mould  IS  fuiturated  with  a  mixture  of  resin  and  wax,  and  its  surface  rubbed  orer  vi^ 
graphite  or  silver,  so  as  to  render  it  conductive. 

Gypsum  marble,  or  stucco,  used  for  walls,  pillars,  etc.,  is  prepared  by  ApplyBf^ 
mixture  of  fine  plaster  with  glue  water  upon  a  coarse  gypsum  ground,  and  whes  ij 
the  surface  is  polished  with  pumice  stone.  The  pores  still  remaining  in  the  subatM 
are  filled  up  with  a  paste  made  by  mixing  gypsum  with  glue  water,  and  after  diyni 
the  whole  is  painted  over  with  a  very  thin  paste  of  the  same  kind ;  after  the  sbmh 
drying  the  work  is  polished  with  tripoli  powder,  rubbed  over  it  with  a  linen  eulMii 
it  IS  then  smeared  with  oil,  and  receives  a  final  polish  with  tripoli  and  oil.  Stseeo  ■ 
coloured  according  to  pleasure,  by  mixing  the  glue  water  with  which  the  gyptn* 
Mtirrod  up  with  nd  lead,  indigo,  amber,  lamp  black,  etc. 
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Haster  casts  are  prepared  by  heating  them  to  about  88°  and  then  dipping  them 
into  melted  stearin  or  paraffin.    When  cool  polish  is  given  by  brushing. 

Gypsum  moulds,  owing  to  their  porosity,  are  often  used  for  moulding  obj  octs  in 
porcelain,  etc  The  moulds  absorb  water,  and  thus  the  porcelain  mass  is  dried  and 
hardened.  Owing  to  its  absorbent  nature  gypsum  is  also  used  for  drying  colours, 
^^east,  etc.  Gypsum  forms  a  good  luting  for  glass  bottles  with  glass  stoppers.  For 
joining  broken  busts  or  casts  of  gypsum,  a  cement  is  employed  consisting  of  gypsum 
stirred  up  with  a  solution  of  alum  or  gum. 

Gypsum  is  yeiy  extensively  used  for  agricultural  purposes,  and  it  exerts  a  very 
beneficial  efiect  upon  leguminous,  liliaceous,  and  other  plants.  Gypsum  burnt  and 
slaked  in  the  air,  strewed  upon  the  soil  in  wet  weather,  exerts  a  beneficial  effect, 
partly  by  virtue  of  its  own  constituents,  and  partly  by  fixing  ammonia  and  ammonium 
salta  fW>m  air  and  rain  water,  and  also  partly  by  its  decomposing  magnesium  and 
potassium  salts.  From  1  cwt.  to  5  cwt.  of  |^sum  are  used  for  every  acre  of  soiL 
Gypsum  is  also  used  as  a  manure  by  mixing  it  with  urine,  in  which  case  its  efiect  is 
due  to  the  conversion  of  ammonia  into  non-volatile  ammonium  sulphate. 

Light  white  wines  are  mixed  with  '2  or  *3  per  cent  of  gypsum,  so  as  to  retard  fer- 
mentation and  prevent  acidity.  Gypsum  is  also  used  for  rendering  weak  wines  stronger 
bj  absorbing  some  of  the  water,  and  thus  increasing  the  relative  amount  of  alcohol.  ' 

Hardened  gypsum  is  also  used  for  casts,  busts,  etc.  It  is  more  suitftd  for  painting 
upon  than  ordinary  gypsum,  owing  to  its  greater  density  and  less  absorbing  power. 

Two  preparations  are  found  in  the  market,  the  one  known  as  pearl  hardening, 
the  other  under  the  name  of  annalin,  both  of  which  are  used  as  an  addition  to  paper 
pulp  in  the  manufacture  of  paper.  Annalin  consists  essentially  of  gypsum,  and  is 
obtained  in  this  country  as  a  by-product  in  the  preparation  of  carbonic  acid.  The 
ealcTum  chloride  residue  obtained  ^by  the  action  of  hydrochloric  acid  upon  chalk  is 
precipitated  with  sulphuric  acid,  the  g3rpsum  filtered  upon  a  woollen  cloth,  washed 
with  dilute  lime  water,  and  then  pressed  in  linen  pressing  cloths.  The  cakes  thus 
obtained  are  sent  into  the  market ;  they  contain  nlx>ut  40  per  cent,  of  water. 
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The  salt  occurs  in  bones,  and  is  therefore  commonly  called  bone  phosphate  ;  it 
aljo  oocors  naturally  as  osteolite,  and,  in  combination  with  calcium  chloride  and 
calcium  fluoride  as  apatite.  The  excrements  of  carnivorous  animals  also  contain 
it,  and  the  fossil  remains  known  as  coprolites,  as  well  as  other  extensive  mineral 
deposits,  contain  a  large  amount  of  this  phosphate'. 

€nMimot«rs«— Tricalcic  phosphate  is  insoluble  in  water,  but  is  slightly  soluble  in 
solutions  of  sodium  chloride,  ammonium  salts ;  starch,  gelatin,  and  other  organic  sub- 
stances also  determine  its  solution  in  water  to  some  extent,  and  it  dissolves  in  larger 
pzoportion  in  water  containing  carbonic  acid.  It  is  readily  dissolved  by  nitric  acid 
or  hydrochloric  add,  less  readily  by  acetic  acid  or  other  organic  acids,  and  it  is  com- 
plately  decomposed  by  sulphuric  acid. 

The  salt  is  obtained  by  mixing  a  solution  of  calcium  chloride  with  a  solution  of 
trisodic  phosphate  ^see  p.  276^,  or  by  gradually  adding  a  solution  of  ordinary  sodium 
pliosphata  mixed  with  ammonia  to  solution  of  calcium  chloride ;  it  is  a  gelatinous  pre- 
cipitate which  dries  into  a  white  earthy  powder.  It  is  not  decomposed  wheu  heated 
to  redness,  but  when  heated  in  contact  with  carbon  and  silica,  carbonic  dioxide  and 
phosphoms  vapour  are  given  off  and  calcium  silicate  is  formed. 

Ifaea. — CSalcium  phosphate,  as  it  occurs  in  bones,  is  used  in  the  manufacture  of 
phasphoms  (see  p.  150)  and  as  manure;  the  calcium  phosphate  occurring  as  apatite, 
osteolite,  coprolites,  and  in  various  other  forms  as  minerals,  is  also  largely  em- 
ployed in  the  preparation  of  manure,  for  which  purpose  it  is  converted  into  a  more 
soluble  condition  by  treating  the  several  materials  with  sulphuric  acid  so  as  to  form 
what  is  technically  termed  superphosphate,  consisting  of  a  mixture  of  calcium 
salpbmts  with  acid  calcium  phosphate,  the  composition  of  which  approximates  to  the 
formula  CaEfP^Og.  Pure  tricalcic  phosphate  treated  in  this  manner  should  yield  a 
piodnct  containing  in  the  dr^  state  acid  calcium  phosphate  equivalent  to  61  per  cent. 
of  tricalcic  phosphate;  but  since  the  phosphatic  materials  employed  for  the  preparation 
of  superphosphate  rarely  contain  more  than  from  30  to  60  per  cent,  of  tricalcic  phos- 
pbato,  the  amount  of  soluble  phosphate  in  the  superphosphate  ordinarily  met  with 
varies  accordingly,  and  is  seldom  more  than  equivalent  to  30  or  40  per  cent,  of  tri- 
ttlde  pha^bats. 

v2 
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The  lime  obtained  by  burning  certain  kinds  of  limestone  poasenes  tin  fecnliir 
property  when  mixed  with  water  of  gradually  hardening  to  a  stony  oouMtflM^ 
This  hardening  takes  place  in  like  manner  and  to  the  same  extent  when  lime  of  tha 
kind  has  been  mixed  with  water  and  is  entirely  immersed  under  water,  on  vbiek 
account  hydraulic  lime  is  extensively  used  for  parts  of  edifices  built  under  vitu; 
and  it  is  therefore  known  as  hydraulic  lime  or  water  lime.  It  is  also  iOBfldiM 
termed  cement,  which  is,  however,  an  improper  designation. 

Hydraulic  limestones  contain  as  an  essential  constituent,  besides  lime,  at  IhA 
10  per  cent,  of  silica  soluble  in  dilute  acids.  This  silica  is  either  originslly  eoi* 
tained  in  the  limestones,  or  is  formed  during  the  burning  of  the  limestone  firom  iQieiftfi 
it  contains.  For  preparing  hydraulic  lime,  a  limestone  is  selected  that  is  rich  in  dij 
(aluminum  Bilieate).  The  amount  of  clay  varies  considerably.  Limestone  cQatainiil 
10  or  20  per  cent,  of  cky  yields  a  poor  hydraulic  lime,  while  limestone  contaiimg  ^ 
or  30  per  cent,  of  clay  affords  a  good  hydiaulic  lime. 

Ordinary  hydraulic  lime  may  be  considered  as  consisting  essentially  of  a  nixtsn 
of  burnt  lime  with  soluble  aluminum  silicate.  Since  silicates  of  the  kind  oftttOttB 
naturally  in  the  form  of  trass,  pozzolane,  santorin  earth,  etc,  hydraulic  lime  or  emM 
may  be  prepared  by  mixing  them  with  the  requisite  quantity  of  burnt  lime.  CoiHft 
is  the  term  given  to  the  substance  added  to  burnt  lime  for  the  purpose  of  eonvvtiBg 
it  into  hydraulic  lime.  It  is  either  a  material  occurring  nataraUy,  such  as  tnsi,  or* 
artificially  prepared,  like  certain  clays  which  are  converted  into  cements  bj  flnfl* 
heating. 

The  hardening  of  hydraulic  lime  has  been  explained  in  several  diffsreni  «t}i^ 
Two  chief  points  have,  at  any  rate,  been  determined  which  are — (1),  the  fonnitxiicf 
silicates  and  aluminatos,  and  (2),  the  formation  of  hydrates,  both  of  which  maybtit' 
ferred  to  the  action  of  water.  When  hydraulic  lime  comes  into  contact  with  vilflf 
the  burnt  lime  in  it  first  of  all  forms  a  hydrate,  and  some  of  it  dissolves  in  the  vatir; 
the  lime  solution  thus  formed  reacts  upon  the  clay  (cement),  forming  calcium  iDiMti 
and  aluminate.  Calcium  silicate  in  its  turn  combines  with  water,  forming  a  bjdati' 
silicate. 

Besides  clay,  some  other  constituents  of  hydraulic  lime  also  influence  its  q8iB^< 
Magnesia  when  present  in  certain  proportions  is  beneficial  to  the  hydraulic  pnntftj 
of  £he  lime.  Limestone  containing  magnesia,  however,  requires  bummg  veryeannll^* 
Magnesia  upon  hardening  probably  gives  rise  to  the  production  of  small  quantitiM^ 
magnesium  silicate  and  lUuminate.  Ferrous  oxide,  when  present  in  moderate  amooti 
is  also  beneficial  according  to  some  authorities,  but  ferric  oxide  is  iigurious.  ADbImi 
act  beneficially  from  thtir  property  of  dissolvingsilicic  acid  and  alumina,  by  wfaidiiBMtf 
they  effect  the  combination  of  these  substances  with  lime.  A  large  amount  of  tBoA 
acid,  especially  in  the  state  of  quartz  sand,  has  an  injurious  effect,  owing  to  its  notUiif 
rondered  soluble  except  by  a  strong  heat  which  produces  other  injurious  chanfM. 

Good  hydraulic  mortar  should  not  take  long  in  hardening.  The  first  stags  flf 
hardening  or  binding,  in  the  case  of  good  cement  under  fi!esh  water,  ou^  nottai*' 
quire  more  than  from  half  an  hour  to  an  hour  and  a  half.  Cement  does  not  haideB 
so  quieklv  under  sea  wat^r,  requiring  from  two  to  three  hours.  There  is  also  a  ^^ 
encf;  in  the  heat  ^vcn  off  by  cement  in  hardening,  some  kinds  giving  off  mdi  M, 
and  others  very  little.  Good  cement  should  not  increase  in  volume  during  the  bafdM* 
ing  process.  A  test  for  good  cement  in  this  respect  is  that,  upon  filling  a  phial  viA 
it  and  immersing  the  whole  for  some  time  under  water,  the  phial  should  not  be  bafll 
by  the  expanfflon  of  the  cement. 

Freshly  burnt  cement,  or  hydraulic  mortar,  hardens  more  slowly  than  cement  tW 
has  been  kept  for  some  time  in  well-closed  casks,  and  it  first  contracts  in  vohmii' 
then  in  about  fourteen  days  the  volume  again  increases.  It  is  in  the  best  eoBiSd^ 
for  setting  after  about  two  or  three  weeks. 

Preparatton. — The  methods  of  prewiring  hydraulic  lime  are  of  three  kindi : 

1 .  From  natural  hydraulic  limestone  (K o  m  a  n  cement). 

2.  From  burnt  lime  and  natural  or  artificial  cements. 

3.  From  mixture  of  unburot  lime  and  clay  (Portland  cement). 
Pbbparation  of  HTDBAruc  LiMJt  FROM  Htdrauuc  Limestone  (Bomah  CihbrI 

— This  kind  of  cement  was  at  one  time  exclusively  made  from  a  particular  kial  o 
argillaceous  limestone  found  in  the  Island  of  Sbeppy,  in  the  Isle  of  Wight,  sad  i 
the  London  basin.  Modem  research,  has,  however,  shown  that  a  number  of  otk 
marls  occurring  in  various  parts  of  the  continent  are  equally  well  adapted  ftr  ti 
preparation  of  Roman  cement  The  properties  of  the  burnt  lime  are  chieflydepmdei 
upon  tho  amount  of  clay  in  the  limestone.    If  this  be  known,  the  quality  of  thecema 
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it  will  yield  may  be  estimated.  Lookiug  at  the  matter  frum  tliiu  puint  of  view,  Vicat 
divides  the  limestone  used  for  preparing  cement  into  different  classes,  according  to 
the  percentage  of  clay  and  the  quality  of  hydraulic  lime  yielded  by  them. 


Meajpre  Hydraulic  Lime 


Calcium  carbonate!     89 
Clay  .         .        .  i     11 


83 
17 


80 
20 


OS 


5 

c 


77 
23 


HydrauUc  Lime 
good  quality 


Artificial 
Gemcnttt 


73 
27 


e: 


O 


64 
36 


4» 

a 


39 

61 


to 


16 
84 


2 

88 


Since,  however,  the  composition  of  the  clay  itself  is  of  vital  importance,  in  using 
the  above  table  due  consideration  must  bo  given  to  this  point. 

The  limestones  used  in  preparing  hydraulic  lime  vary  considerably  in  composi- 
tion, as  may  be  seen  from  the  following  table.  The  substances  soluble  and  insoluble 
in  hydrochloric  acid  are  given  separately : 


Soluble  in  HCl 

Sheppy  stone 

Tamovits 

HauBbmrgcr  uoar 
Minden 

Calcium  carbonate     . 

66  99 

4906 

76-82 

Magnesium  carbonate 

1  67 

20*32 

2-81 

Ferrous  carbonate 

6-69 

16-83 

3-21 

Alumina   . 

0-39 

— 

0-89 

InBoluble  in  HCl 

Silica 

16-80 

3-35 

1103 

Alumina   . 

4-32 

0-86 

2-86 

Ferric  oxide 

1-72 

0-43 

1-86 

Lime 

traces 

006 

012 

Magnesia  . 

0-37 

001 

005 

1 

Burning  Roman  Cement. — The  way  in  which  this  operation  is  carried  out  is  of 
great  influence  upon  the  quality  of  the  cement.  Some  kinds  of  stone  require  longer 
burning  and  more  gentle  heat,  others  a  shorter  time  but  stronger  heat.  Very  siliceous 
kinds  of  stone  must  not  be  heated  very  strongly,  since  this  causes  the  production  of 
large  quantities  of  calcium  silicate,  and  thus  the  mass  may  even  be  partially  melted. 
A  mass  of  the  kind  whether  melted  or  not  is  said  to  be  dead  burnt,  and  it  is  incapable 
of  absorbing  water.  The  stone  is  therefore  only  so  far  burnt  as  may  be  necessary  to 
expel  the  carbonic  acid  and  convert  the  silica  to  a  state  in  which  it  will  combine  in 
the  wet  way  with  lime.  When  the  burning  has  been  insufficient  the  cement  absorbs 
water,  but  does  not  harden.  Limestones,  the  clay  of  which  contains  only  a  small  pro- 
portion of  bases,  are  consequently  difficult  to  bum. 

When  the  clay  contained  in  the  limestone  is  plastic  and  free  from  sand,  a  strong 
but  short  burning  is  needed  for  producing  the  requisite  change  in  the  clay  without 
producing  calcium  silicate.  Should  the  clay  contain  admixtures  of  ferric  and  manga- 
nese  oxides  or  ferric  salts,  a  strong  heat  is  required  in  order  to  convert  these  sub- 
stances into  silicates.  The  heating  may  in  this  case  be  continued  until  a  slag  begins 
to  be  formed,  and  the  product  thus  acquires  a  grey  or  brown,  and  even  black,  colour. 
Cement  limestones  rich  in  iron,  when  sufficienUy  burnt,  furnish  very  good  hydraulic 
lime. 

When  the  limestone  contains  alkalies,  they  help  to  render  the  silicic  acid  soluble, 
by  combining  with  it  during  the  burning.  By  suitably  raising  the  temperature,  fusible 
double  silicates  of  potassium  and  sodium,  iron,  and  alumina  are  formed.  These  fusible 
double  silicates  are  essential  constituents  of  good  cement  Ilvdraulic  limo  prepared 
from  limestone  of  this  kind,  when  ground,  forms  a  compact  powder  consisting  of  minute 
Uminse,  in  which  the  lime  psirticles  are  protected  against  the  action  of  the  air  and 
BMUstiire  by  &  coating  of  semi-fused  material,  for  which  reason  cement  of  this  kind 
keeps  better  than  ordinary  hydraulic  lime. 
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The  kilns  used  in  burning  hydraulic  lime  are  generallj  shaft  kilns,  wodud  OM 
tinuonsly.  The  pieces  of  lime8tx)ne  and  the  fuel  are  introduced  altematelj,  w  Uu 
the  thickness  of  the  layers  of  fuel  are  regulated  according  to  the  degree  of  hm 
desired. 

The  composition  of  hydraulic  lime  prepared  from  marly  limestone  comK^auk  < 
course  to  the  Hort  of  marl  from  which  it  is  prepared.  The  following  table  gifai  tl 
composition  of  a  number  of  kinds  of  Koman  cement : 


Sol.  in  Hydrochloric  acid 

Shcppy 

Essex 

BsTszian 

Limo         .        .        • 

48*2 

46-1 

44*96 

60-40 

Magnesia  . 

27 

3-7 

1-62 

1-24 

Manganese  oxide/ 
Ferric  oxide       .  (     * 

9*2 

12*4 

traces 

traoM 

6-83 

8*64 

Alumina    . 

7*3 

4-6 

6-43 

4-71 

Potash 

0-8 

0-9 

0-45 

0-50 

Soda. 

0-2 

0-1 

0-65 

0-73 

Silica 

19*4 

17-4 

— 

Carbonic  acid    . 

3-4 

3-6 

462 

4-61 

Phosphoric  acid 

— 

— . 

0-68 

Sulphuric  acid  .        . 

— 

1-20 

1-10 

Water 

10 

0-7 

0-72 

1-31 

Insol.  in  Hydrochlor.  acid 

Ferric  oxide      .  "j 

( 

0-40 

trace! 

Manganese  oxide  >     • 

1-3 

1-7-^ 

— 

— 

Alumina    .        .  3     . 

( 

0-74 

0-70 

Quartz 
Silica 

6*2 
0*3 

8-0  ( 

0-6  i 

32-60 

26-39 

Hydraulic  Limb  freparkd  bt  mixing  Liick  with  natural  or  abhhcu] 
CEMEXTs.^Sib'cates  are  found  in  volcanic  regions  which  contain  both  silicic  add  td 
alumina  in  the  soluble  condition.  Such  silicates  probably  originate  from  hydzatedo* 
pounds  related  to  clay,  whicii  have  been  changed  and  dehydrated  by  Tolcanie  M 
The  most  important  silicates  of  the  kind  are  trass,  puzzolane,  and  santorin  earth. 

Trass  occurs  in  several  of  the  valleys  branching  out  from  the  right  bank  of  th 
Rhine,  where  it  is  quarried  and  brought  into  the  market  either  as  a  powder  or  ii 
pieces. 

The  following  analyses  show  the  constituents  of  trass : 


Soluble  in  HCl : 

Broblthal 

ITffPff^ 

Lime 

3-16 

6*6 

Magnesia 

216 

11 

Ferric  oxide 

11-77 

8-9 

Alumina 

17-70 

61 

Potash 

0-29  ( 
2-44  ( 

64 

Soda 

ffilica 

11-60 

29-6 

Insoluble  in  Hydrochloric  acid : 

lime 

2-26 

1-2 

Magnesia 

0-27 

^ 

Ferric  oxide 

0-67 

— 

Alumina 

1-26 

6-0 

Potash 

008 

.... 

Soda 

1-12 

_ 

Silica 

37*44 

28-0 

Puzzolaneisa  volcanic  tufa  found  in  Italy,  France,  and  Belgium.    Its  eaofQi 

k    to  uu  Akllnnrai  • 


tion  is  as  follows : 
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Italy 

1 
Franoc  (Aavcrgne)  ' 

1 

Solable  in  HCl : 

Lime 

8-0 

90 

Magnesia 

00 

— 

Ferric  oxide 

6-3 

21-8 

Alnmina 

9-7 

20 

Fbtash  and  Soda 

2-6 

1-2 

Silica 

19-5 

28*2 

Inaolnble  in  HQ : 

Lime 

1-2 

1-3 

Alnmina 

8-1 

6-7 

Silica 

32-7 

26-0 

Loes  at  a  red  heat 

10-2 

41 

San  tori  n  earth  is  likewise  a  substance  which  yields  a  very  good  hydranlic  lime 
when  mixed  with  lime.    It  is  found  in  the  island  of  Santorin,  in  Algiers,  etc. 

The  following  analyses  by  Foichtiiigcr  show  the  composition  of  santorin  earth 
UBed  in  vabaqneous  structures  in  Venice  and  Fiume : 


Calcium  sulphate 


Soluble  in  Water, 

.    0*05   I   Sodium  chloride 

Soluble  in  Hydrochloric  Acid, 


.     traces 


Alumina 1*36 

Ferric  oxide 1*44 

Lime 0-40 


Magnesia 
Silica 


0-23 
.     traces. 


Insoluble  in  Hydrochloric  Acid, 


Silica 66-37 

Alumina 12*36 

Ferric  oxide 2*90 

Lime 2*58 


Magnesia 
Potash 
Soda. 
Water 


106 
2-83 
4-22 
406 


For  preparing  hydraulic  mortar,  these  cements  are  mixed  in  the  powdered  state 
with  bunit  lime,  or  lime  flour,  to  which  sand  is  sometimes  added,  the  mortar  being 
prepared  in  quantities  just  sufficient  for  immediate  use.  The  proportion  of  lime  re- 
quired for  a  certain  cement  must  be  specially  ascerbiint^d  for  each  kind  of  cement 
For  this  purpose  the  cement  is  mixed  in  a  powdered  state  with  a  quantity  of  lime  paste 
sufficient  to  form  a  stiff  dough ;  the  mixture  is  then  submerged  in  water,  and  must 
harden  within  twenty-four  hours. 

Powdered  trass  requires— according  to  the  quality  of  the  trass— from  1  to  3  parts 
of  burnt  lime.  When  sand  is  also  employed  less  trass  is  taken.  Puzzolano  requires  from 
half  its  weight  to  an  equal  weight  of  lime.  Additions  are  often  made  of  siind  and  other 
materials,  such  as  pieces  of  broken  pottery,  smithy  scale,  etc.  In  preparing  hydniulic 
mortar  with  santonn  earth,  it  is  mixed  with  one  third  or  one  fourth  of  slaked  lime  and 
an  equal  proportion  of  broken  stones. 

Amon^  artificial  cements  added  to  lime  for  the  purpose  of  preparing  hydraulic  lime, 
the  artificial  puzzolanc  manufactured  in  France  is  especially  worth  notice.  This  is 
prepared  by  carefully  burning  plastic  clay  containing  2  per  cent,  of  lime.  Other 
cements  are  made  with  briekdust,  Dutch  bricks  being  especially  suitable  for  the  pur- 
pose. The  slag  of  blast  furnaces,  the  ash  of  coal  and  lignite,  etc.,  also  yield  hydraulic 
mortar  when  mixe:l  with  lime. 

Regarding  the  slag  of  blast  furnaces,  Huck  states  that  those  kinds  only  are  suitable 
for  the  preparation  of  hydraulic  lime  which  gelatinise  upon  treatment  with  hydrochloric 
acid.  He  further  recommends  treating  the  powdered  slag  before  burning  with  a 
fmall  quantity  of  hydrochloric  add,  for  the  purpose  of  increasing  the  hydraulic  property 
of  the  lime. 

Hydbauiic  LiJiK  FuoM  uxBUHXT  LiMB  AXD  Clay  (Poktiand  Ckmrnt). — This 
kind  of  cement  is  prepan-d  in  different  ways  ;  the  raw  materials,  however,  always  con- 
nit  of  chalk  (or  lime)  and  clay  in  a  finely  powdered  condition.  In  order  to  obtain  the 
dialk  in  a  rery  finely  divided  state,  it  may  be  with  advantage  submitted  to  a  process 
of  elutriatioo.    The  clay  used  has  a  composition  which,  after  burning,  approximates 
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as  closely  as  possible  to  that  of  natural  cements  of  good  quality,  and  it  is  either  finely 
powdered  ana  dried,  or  sometimefl  the  argillaceous  mud  c^  rivers  and  streams  is  used. 

VaaUifi  method. — ^A  stiff  dough  is  made  by  mixing  together  10  parts  of  powdend 
chalk  and  one-fortieth  of  its  weight  of  water,  the  mixture  being  then  made  into  balls 
and  kneaded  up  with  18f  parts  of  fresh  clay  mud  from  the  riyer  Medway,  The  mass  is 
shaped  into  bncks  and  burnt  in  a  continuous  shaft  furnace.  After  burning,  the  bricks 
are  ground  up  to  a  fine  powder. 

Bleibtreu^s  method, — Ohalk  that  has  been  elutriated  ia  mixed  in  th6  wet  plastic 
condition  with  clay  in  the  state  of  fine  powder,  preyiously  dried,  the  proportions  being 
1  Yol.  clay  powder  to  2  vols,  chalk  paste.  The  whole  is  intimately  kneaded  together 
in  a  pugmill,  and  made  into  bricks,  which  are  dried  by  placing  them  upon  porous 
bricks  and  exposure  to  the  air.  The  burning  of  the  dry  briclu  is  carried  out  in  a 
shaft  furnace  filled  with  alternate  layers  of  bricks  and  fuel ;  this  is  ignited  from  below 
and  allowed  to  burn  itself  out.  When  sufficiently  cool  the  bricks  are  taken  out  and 
reduced  to  powder.  Chalk  is  in  some  districts  replaced  bv  ordinary  lime,  which  is 
for  this  purpose  allowed  to  disintegrate  and  form  a  fine  powaer. 

The  following  analyses  show  the  composition  of  ForUand  cement : 


Soluble  in  HCl: 
Idme 
Magnesia 
Mansanese  oxide 
Feme  oxide    . 
Alumina . 
Carbonic  acid . 
Fhoephoric  acid 

Soluble  in  water : 
Sulphuric  acid 
Fotash    . 
Soda 
Water 


Insoluble  in  HCl : 
Lime 

Ferric  oxide 
Alumina . 
Silica 
Clay,  sand 


From  England 

FromBaTaria 

5410 

6314 

0-76 

1*59 

traces 

1-80 

5-30 

4*45 

7-76 

8-50 

2*15 

210 

0-76 

1 

100 

110 

1-66 

-^ 

100 

5-50 

— 

3-38 

— 

2-32 

22-23 

22-35 

2-20 

The  proportion  of  water  required  in  the  preparation  of  hydraulic  mortar  from 
Fortland  cement  varies  with  the  kind  of  cement  employed,  and  requires  to  be  deter- 
mined by  trial. 

Experience  has  shown  that  ordinary  hydraulic  lime,  which  retains  its  firmness  and 
hardness  in  fresh  water,  gradually  di8integrates  when  applied  to  submarine  structures. 
This  effect  is  brought  about  Ijy  the  action  of  the  magnesium  salts  in  sea  water,  and 
the  replacement  of  the  lime  in  the  mortar  by  magnesia,  as  may  be  seen  from  the 
following  analyses  of  hydraulic  mortar  before  and  after  being  exposed  to  the  action  of 
sea  water. 


Before  immersion : 

I. 

°-       i 

• 
• 

Lime 

18'21 

13-92 

Silica 

67-82 

55-65 

Alumina 

19-78 

30-43 

Ferric  oxide 

9-21 

— 

After  immersion : 

Lime 

0-25 

2-23 

Calcium  carbonate 

3-45 

3-38 

j      Magnesia 

3*29 

7-42 

Cement  residue 

9300 

86-30 
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No.  Lis  hydraalic  mortar  prepared  from  fat  lime  and  farraginous  artificial  cement. 
No.  II.  is  hydiraalic  mortar  prepared  from  fat  lime  and  pure  clay. 

For  preparing  hydraulic  lime  to  resist  the  action  of  sea  water,  Vicat  recommends 
mixing  the  finest  Roman  puzzolane  intimately  together  with  15  per  cent,  of  fat  lime. 
It  is  essential  that  the  lime  should  be  very  fat  and  that  no  sand  should  be  mixed  with 
the  cement  If  trass  be  used  in  the  place  of  puzzolane,  the  mortar  decomposes  in  the 
oouTBe  of  horn  five  to  twelve  years.  It  is  also  possible  to  prepare  artificial  puzzolane 
which,  when  mixed  with  lime,  furnishes  mortar  that  resists  the  action  of  sea  water  quite 
as  efiKdently  as  that  pepared  from  Eoman  puzzolane.  For  this  purpose  clay  is  reduced 
to  a  yery  fine  state  of  division  by  olutriation,  and  the  moist  sediment  is  formed  into 
balls  about  2  in.  in  diameter,  which  are  dried  and  burnt  in  a  continuous  shaft  furnace. 
The  termination  of  the  burning  process  may  be  judged  of  by  the  reaction  of  the  clay 
with  boiling  sulphuric  acid.  Clay  which  in  the  unbumt  condition  yields  9  per  cent. 
of  its  mass  to  sulphuric  acid,  should,  after  burning,  give  up  from  16  to  18  per  cent. ; 
but  when  too  mudi  burnt  very  little  of  it  dissolves  in  sulphuric  acid. 

Sainte-ClaireDeville  observed  that,  when  magnesia  is  immersed  in  water,  a  hydrate 
is  fonned  which,  after  a  time,  causes  the  hardening  of  the  entire  mass.  This  haraening 
also  takes  place  when  the  magnesia  is  mixed  with  powdered  marble,  chalk,  or  ordi- 
nazj  lime.  Dolomite  calcined  at  400^  likewise  yields,  when  powdered  and  made  into 
paste  by  stirring  it  with  water,  a  mass  which  hardens  under  water.  This  hardness 
IS  due  to  magnesia  and  not  to  lime ;  for  upon  heating  dolomite  sufficiently  to  expel  the 
carbonic  acid  of  the  calcium  carbonate,  a  product  is  obtained  which  hardens  at  once 
when  mixed  with  water.  This  property  of  dolomite  has  been  taken  advantage  of  for 
industrial  purposes. 

The  following  table  gives  the  composition  of  some  varieties  of  dolomite : 


Magnesium  carbonate 

Caldum  carbonate      .... 

Ferrous  carbonate  (and  oxide)   . 

ffilica 

Alumina 

Water  and  orgamc  matter  . 

I. 

II. 

in. 

61-16 
21-41 
8-76 
5-58 
2-07 
1-10 

55-23 
33-99 
3-85 
5-68 
2-27 
3-40 

15-86 

72-23 

3-21 

1       2-70 

6-00 

No.  I.  yields  the  Carigeract  cement ;  No.  II.  the  hydraulic  mortar  of  Port  Cynfor; 
No.  II L  the  stucco  of  Heirs  Mouth. 

As  already  mentioned,  the  product  loses  its  hydraulic  property  when  the  dolomite 
has  been  so  strongly  heated  that  not  only  the  magnesia,  but  the  lime  also  loses  car- 
bonic acid.  But  if  dolomite  contain  the  constituents  of  cement,  silica,  alumina, 
etc,  then,  upon  burning,  ordinary  hydraulic  lime  may  be  formed,  besides  magnesia,  in 
which  case  the  expulsion  of  the  carbonic  acid  from  the  calcium  carbonate  is  advan- 
tageous rather  than  otherwise. 

A  magnesian  cement  termed  albolith  is  prepared  by  burning  the  magnesite  of 
Frankenstein  in  Silesia  in  large  retorts  something  like  those  used  in  gas  works  ;  the 
product  is  ground,  sifted,  and  mixed  with  amorphous  silica.  Mixed  with  magnesium 
chloride,  it  yields  a  very  hard  plastic  mass,  applicable  as  paint. 


SnfBOLSr.    Atomic  WraoHT  87-5. 

This  elementary  sulwtance  was  discovered  in  the  state  of  carbonate  by  CrawfortI 
in  1787,  as  a  mineral  occurring  at  Strontian  in  Argyllshire ;  its  distinct  nature  was 
cbUblihhed  in  1792  by  Hope,  and  in  1793  by  Klaproth.  The  metal  was  first  isolated 
by  Davy  in  1808. 

Strontium  occurs  also  naturally  in  the  state  of  sulphate  as  coslestin  in  small 
proportion  in  some  kinds  of  arragonite  and  brewstcrite,  as  well  as  in  some  kinds 
of  mineral  water  and  in  sea  water. 

The  metal  has  a  yellow  colour  like  calcium  ;  its  specific  gravity  is  2-542 ;  it 
oxidises  more  readily  than  calcium,  and  generally  resembles  the  other  metals  of  the 
alkaline  earths;  its  compounds  are  also  analogous  to  those  of  calcium  and  barium,  and 
I  bey  are  distinguished  by  communicating  a  red  colour  to  the  outer  portion  of  the  blow- 
pipe flame  when  heated  in  the  inner  portion.  Alcohol  containing  strontium  chloride 
in  solution  also  bums  with  a  red  fiame. 


BARIUM. 

SncBOL  Ba.    Atoxic  Weight  127* 

This  motiil  was  first  recognised  in  the  state  of  oxide  by  Scheele  in  1774,  and  lb 
was  first  isolated  in  the  metallic  state  by  Davy  in  1808.  It  occurs  naturally  in  gnit 
abundance  in  the  form  of  sulphate  asheayy  spar,  and  in  the  form  of  carbcmttAtt 
witherite,  and  with  calcium  carbonate  as  baryto-caleite,also  in  somemMigWWi 
ores  and  in  mineral  water.  The  physical  characters  of  the  metal  have  not  been  tmj 
accurately  determined,  but  its  compounds  are  closely  analogous  to  thoee  of  cakini 
and  strontium. 


FoRmriA  BaClf    Molbcttlab  Wkght  198. 

Composition.— Crystallised  barium  chloride  contains  a  molecule  of  waUr,tli 
composition  being  represented  by  the  formula : 

BaCJl,  +  H,0. 

Cliantoters. — As  usually  met  with  barium  chloride  forms  pelladd  oscyitsls  h- 
lon^ng  to  the  rhombic  system ;  it  is  soluble  in  both  cold  and  hot  water,  bat  it  rtif 
slightly  solnMo  in  sulphuric  acid,  its  solubility  in  the  latter  menstraom  deenant     < 
with  the  concentration  of  the  sulphuric  acid.  ^        { 

When  heated,  crystallised  barium  cjiloride  gives  ofiT  its  water  of  dystalliflitkii     ! 
passing  over  into  anhydrous  barium  chloride,  a  white  pulverulent  mass,  wbidi  bmIII 
upon  Uie  heat  being  increased. 

Preparation. — The  most  common  sources  of  barium  chloride  are  witherite,<r 
native  barium  carbonate,  BaCO,,  which  docs  not  occur  in  very  laige  quantitiflt,  and 
heavy  spar,  which  is  more  abundant. 

To  convert  witherito  into  barium  chloride  it  is  dissolved  in  hydrochloric  acid; 
carbonic  acid  is  evolved,  which  may  be  used  as  a  by-product,  and  barium  chlorida 
remains  in  the  solution,  which  is  evaporated  to  ciystallisation. 

Barium  chloride  is  also  obtained  as  a  by-product  in  soda  works  by  conducttnf  tin 
hydrochloric  acid  escaping  from  the  sulphate  furnaces  through  carboys  oonUmioS 
witherito  suspended  in  water  (vide  p.  253). 

The  preparation  of  barium  chloride  from  heavy  spar,  BaSO^,  is  more  difficult  thtf 
its  preparation  from  witherite. 

At  the  time  when  the  consumption  of  barium  chloride  was  inconsiderable  thii 
substance  was  prepared  by  heating  to  redness  a  mixture  of  powdered  heavy  spar  and 
charcoal,  so  as  to  reduce  it  to  barium  sulphide  in  the  manner  represented  by  the  fbl* 
lowing  equation: 

BaS04   +   4C  =  BaS   +   4C0. 

By  lixiviating  the  fused  moss  with  water,  the  barium  sulphide  is  dissolved  (Ht, 
and  it  is  converted,  by  addition  of  hydrochloric  acid,  into  barium  chloride,  while  sal* 
phuretted  hydrogen  is  evolved.  The  large  quantity  of  sulphuretted  hydrogen  tkn 
produced  renders  this  method  generally  inapplicable. 

In  order  to  secure  intimate  contact  between  the  powdered  charcoal  and  heavy  Mfft 
these  substances  are  mixed  together  with  linseed  meal  and  water  into  a  paste,  wokh 
is  kneaded  up  and  moulded  into  cylinders  3  inches  long  and  1  inch  tmck.  Dmi* 
cylinders  are  piled  up  in  layers  alternating  with  layers  of  coal,  in  a  fhmaoe,  sad 
heated  to  bright  redness,  care  being  taken  to  avoid  access  of  air.  Heating  in  doisd 
crucibles  causes  too  great  a  consumption  of  fuel.  After  lixiviation  and  decompoaiaK 
the  liquor  with  raw  hydrochloric  acid,  a  good  deal  of  iron  remains  in  solntion ;  tha 
liquid  is  therefore  treated  with  just  sufficient  barium  sulphide  to  produce  a  weakaUoi* 
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line  reactiun.  Bj  this  means  iron  is  precipitated  as  sulphide ;  the  precipitate  is  then 
allowed  to  depoeit»  and  the  clear  liquid  drawn  off  and  evaporated  to  the  point  of  crystal- 
liaation. 

The  method  adopted  by  Kuhlmann  for  decomposing  barium  sulphate  is  easier.  An 
intimate  mixture  of  ooal  and  heavy  spar  is  placed  in  the  hinder  part  of  a  double  rever- 
bentory  furnace,  and  mixed  witli  a  quantity  of  solution  of  manganous  chloride  (by- 
product  in  the  preparation  of  chlorine,  the  free  acid  of  which  has  been  neutralised  by 
lime,  vitU  p.  165),  and  well  stirred  meanwhile,  until,  after  oyaporation  of  the  water, 
a  stiff  doughy  mass  is  obtained.  The  mass  thus  formed  is  then  brought  into  the 
anterior  part  of  the  furnace  nearest  the  fire,  where  it  is  heated  for  an  hour  to  redness. 
The  semi-liquid  mass  is  then  drawn  out,  allowed  to  weather  in  the  air  for  a  few 
days,  lixiyiated,  and  the  liquor  crystallised.  Should  the  liquor  contain  an  excess  of 
barium  sulphide  it  is  decomposed  by  manganous  chloride,  and  any  excess  of  manganous 
chloride  is  neutralised  with  barium  sulphide. 

Hie  essential  features  of  this  method  are  the  same  as  in  the  first-mentioned  process : 
the  barium  sulphate  is  reduced  by  carbon  to  barium  sulphide,  which,  together  with 
manganous  chloride,  yields  manganese  sulphide  and  barium  chloride.  The  presence 
of  ferric  chloride  is  a  matter  of  indifference  in  this  process,  since  it  behayes  in  a 
manner  exactly  analogous  to  manganous  chloride. 

The  process  of  reduction  is  quicker  by  this  method  because  the  mass  melts,  and 
thus  a  more  intimate  contact  of  tne  ingredients  is  effected.  This  method  has  also  the 
adrantage  that  the  heating  mav  be  carried  out  in  a  reverberatory  furnace. 

Godin*s  method  consists  in  heating  together  in  a  reverberatory  furnace  charcoal, 
heavy  spar,  calcium  chloride  and  limestone,  lixiviating  the  mass  with  water,  and 
evaporating  to  crystallisation.  The  calcium  sulphide  thus  formed,  being  insoluble, 
remains  undissolved. 

The  method  of  Asselin  and  Wagner  consists  in  heating  to  redness  a  mixture  of 
heavy  spar,  charcoal,  and  tachydrite  (CaOl,  +   2MgCl2). 

VMS* — The  consumption  of  barium  chloride  has  increased  considerably  of  late,  in 
consequence  of  its  use  for  softening  water  used  in  steam  boilers.  As  already  shown, 
water  containing  gypsum  is  not  suitable  for  boilers,  owing  to  its  forming  a  very  hard 
crust,  and  where  only  water  of  this  kind  is  available  for  use,  it  is  first  of  all  treated 
in  large  basins  with  barium  chloride.  The  process  which  takes  place  consists  in  the 
conversion  of  the  gypsum  and  barium  chloriae  into  calcium  chloride  and  barium  sul- 
phate, which  settles  to  the  bottom  of  the  basins  in  the  form  of  a  fine  sand,  while  the 
calcium  chloride  remains  in  solution,  but  forms  no  hard  crust  or  scale  when  the  water 
ia  used  in  the  boiler.  The  addition  of  barium  chloride  to  water  containing  gypsum 
is  equally  effective  if  the  salt  be  added  before  the  water  enters  the  boiler,  and  without 
waiting  for  the  barium  sulphate  to  deposit. 

Besides  this  application  of  barium  chloride,  the  substance  is  used  in  the  prepara- 
tion of  baryta  whi  t  e  (barium  sulphate)  and  other  preparations  of  the  metal.  Barium 
chloride  is  used  in  dveing  with  Saxon  blue,  owing  to  its  forming  a  very  &st  colour 
with  indigo  dissolved  in  sulphuric  acid. 


quantities. 


Formula  BaSOf.    Molbculab  Weight  223. 
• — ^Barium  sulphate  occurs  naturally  as  heavy  spar,  in  considerable 

i* — Artificial  barium  sulphate,  or  baryta  white,  is  a  very  finely 
divided  pulverulent  substance  of  dazzling  whiteness  and  great  covering  power.  When 
carefully  prepared  it  resists  all  atmospheric  infiucnces.  Baryta  white  has  the  advan- 
tage over  white  lead  of  not  being  blackened  by  sulphuretted  h^-drogen  ;  it  covers 
better  also  than  zinc  white,  and  is  cheaper  than  either.  Bsuyta  white  cannot,  however, 
be  used  with  oil,  pn  account  of  its  mixing  but  imperfectly  with  that  medium  and  con- 
sequently covering  badly. 

It  is  generally  used  stirred  up  with  about  30  per  cent,  of  water  to  a  paste. 

Vreparatloii. — Baryta  white  is  prepared  either  directly  or  is  obtained  as  a  by- 
product. 

It  is  prepared  by  mixing  an  aqueous  solution  of  barium  chloride  in  the  cold  with 
iulphuric  acid  of  sp.  gr.  1  *2G2  as  long  as  a  precipitate  is  produced,  allowing  the  pre- 
ripitate  to  settle,  and  washing  it  with  water  until  the  wash  water  ceases  to  show  an 
acid  reaction.  The  washed  l^um  sulphate  is  then  placed  on  a  linen  cloth  to  drain, 
tod  is  ready  for  the  market. 
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If  the  barium  sulphate  were  to  be  thoroughly  dried  it  would  lose  in  coverinpf 
power ;  the  same  evil  would  be  caused  by  precipitating  the  sulphate  from  a  hot  solu- 
tion, owing  to  the  formation  of  a  coarse  crystalline  powder ;  when  it  is  precipitated 
cold,  an  impalpable  amorphous  powder  is  produced. 

In  preparing  baiyta  white  &om  barium  chloride,  the  liquor  resulting  from  the 
preparation  of  barium  chloride  may  be  used,  which  must,  however,  be  firee  from  sul- 
phiae,  otherwise  sulphur  would  be  precipitated  along  wit^  the  sulphate,  and  render  it 
impure.  The  presence  of  free  sulphur  in  bai^ta  white,  and  the  formation  of  sulphuric 
acid — owing  to  oxidation  of  sulphur  in  the  air — ^would  cause  the  destruction  of  other 
colours  mixed  with  it. 

In  order  to  obtain  a  barium  chloride  liquor  pure  enough  for  preparing  baryta 
white,  the  barium  sulphide  liquor  (page  298)  is  decomposed  with  a  slight  excess  of 
hvdiochloric  add,  and  boiled  by  passing  steam  into  it  until  no  further  smell  of  sul- 
phuretted hydrogen  is  noticeable. 

In  preparing  baiyta  white  from  witherite,  the  mineral  is  either  first  com- 
pletely converted  into  barium  chloride  (according  to  Hahn  a  10  per  cent,  solution  is 
the  best),  and  this  is  treated  with  sulphuric  acid,  or  according  to  Felouze's  method — 
which  is  better — the  two  reactions  are  conducted  simultaneously  by  treating  finely 
powdered  witherite  with  dilute  sulphuric  acid  containing  from  2  to  4  per  cent,  m 
Hydrochloric  acid.  The  process  consists  in  the  conversion  of  the  barium  carbonate 
into  barium  chloride  by  uie  hydrochloric  acid,  and  in  the  conversion  of  the  barium 
chloride  into  sulphate  by  the  sulphuric  acid*,  while  the  hydrochloric  acid  is  again 
liberated  ;  so  that  a  smaJl  quantity  of  hydrochloric  acid  is  in  time  capable  of  dis- 
solving a  large  quantity  of  barium  carbonate.  When  witherite  contains  galena,  as  is 
often  the  case,  the  method  is  not  applicable  on  account  of  the  galena  not  Wng  deoom- 
posed,  and  colouring  the  product. 

Baiyta  white  is  obtained  as  a  by-product  in  a  number  of  industrial  operations.  In 
nearly  eveiy  instance  where  calcium  carbonate  is  used  for  neutralising  sulphuric  acid, 
barium  carbonate  can  be  used  in  its  place,  so  as  to  obtain  barium  sulphate  instead  of 
calcium  sulphate,  as  a  by-product.  Instances  of  the  kind  are  the  manufiMstuze  of 
caustic  soda  and  potash,  tartaric  acid,  starch,  sugar,  etc. 

Wagner  suggests  the  use  of  baryta  instead  of  lime  for  the  saponification  of  taXB 
in  the  manufacture  of  stearic  acid,  by  which  means  barium  sulpkate  irould  be  ob- 
tained instead  of  gypsum. 

Vsea, — As  already  mentioned,  baiyta  white  is  not  well  adapted  for  use  as  an  oil 
colour,  since  the  mixture  has  a  veiy  imperfect  covering  power  as  paint  A  paint  of 
good  covering  power  is,  however,  obtained  by  mixing  together  equal  parts  of  baryta 
white  and  zinc  white.  Large  quantities  of  baryta  white  are  employed  in  the  prepara- 
tion of  wall  papers,  colourod  papers,  playing  cards,  etc.  It  seems  to  be  especially 
useful  in  preparing  papers  to  which  it  is  desired  to  give  a  satin  lustre.  Baryta  white 
is  especially  adapted  for  mixing  with  other  colours  on  account  of  its  neutral  charac- 
ters  and  the  difficulty  with  which  it  is  decomposed.  It  forms  also  a  useful  addition 
to  paper  pulp ;  paper  thus  prepared  has  a  daizzling  white  appearance,  and  is  almost 
opaque. 

Powdered  heav^  spar  is  chiefly  employed  as  a  diluent  or  an  adulterant  for  other 
white  colours  (white  lead,  zinc  white,  etc.)  and  as  an  admixture  with  colours  like 
ultramarine,  chrome  yellow,  etc.  It  is  usea  unmixed  as  a  cheap  paint,  but  on  a  com- 
paratively small  scale.  It  is  also  employed,  but  at  present  not  to  any  great  extent^  in 
the  manufeu^ure  of  glass. 

Although  heavy  spar  is  chemically  the  same  as  the  artificially  prepared  barium 
sulphate  called  blsuic  fix,  it  cannot  like  the  latter  be  used  as  a  paint,  on  account  of  its 
great  densitj. 


ALUMINUM. 

Symbol  A1.    Atomic  Wkiqht  27*5. 

Bistory. — It  is  probable  that  Oersted  first  obtained  aluminam  in  the  metallic 
■taU),  for  in  1824  he  decomposed  moist  aluminam  chloride  with  sodium  amalgam. 
HoweTer  the  first  definite  account  of  aluminum  was  given  in  1827  by  Wohler,  who 
obtained  it  by  heating  aluminum  chloride  with  potassium.  Bunsen  first  used  the 
double  aluminum  and  sodium  chloride  for  preparing  aluminum  by  decomposing  it 
electrolytically.  The  native  aluminum  and  sodium  fiuoride  known  as  cryolite  was 
first  used  in  the  preparation  of  aluminum  by  H.  Eose.  But  the  successful  prepara- 
tion of  aluminum  industrially  is  chiefiy  due  to  the  ofiforts  of  H.  Sainte-Claire  Deville ; 
for  though  he  did  not  introduce  any  essentially  new  method  of  preparation,  and  the 
means  of  carrying  out  his  experiments  were  furnished  by  the  French  Academy, 
his  modifications  of  the  old  methods  served  to  make  them  pnicticable  fbr  industrial 
purposes.  The  use  of  sodium  in  the  preparation  of  aluminum  in  the  place  of  potas- 
■iam  is  due  to  him. 

<leonrrenoe. — ^Aluminum  does  not  occur  naturally  in  the  firoe  state,  but  in  com- 
bination with  oxygen  it  is  one  of  the  most  abundant  and  widely  distributed  elements. 
The  oxide  or  alumina,  however,  is  itself  of  comparatively  rare  occurrence  in  the  dif- 
ferent forms  of  corundum,  known  as  the  ruby,  sapphire,  and  emer^;  and  it 
occurs  for  the  most  part  in  the  form  of  saline  compounds,  especially  silicates,  as 
andalusite,  cyanite,  sillimanite,  clay,  etc.,  in  which  state,  and  combined  with 
other  silicates,  aluminum  exists  in  felspar,  mica,  hornblende,  etc.  In  the  form 
of  sulphate  it  occurs  as  alunite  or  alums  tone;  wavelliteis  an  aluminum  phos- 
phate, and  aluminum  fluoride  is  an  essential  constituent  of  cryolite  and  topaz. 
Aluminum  hydrates  occur  as  gibbsite  and  diaspore. 

Ctaaraotem* — Aluminum  in  a  compact  state  is  a  gre3rish  white  metal  of  consider- 
able lustre,  and  it  gives  a  clear  ringing  sound  wlien  struck.  Its  specific  gravity  is  2*5, 
and  it  admits  of  being  beaten  out  into  sheet,  as  well  as  of  being  drawn  into  wire  ;  its 
tenacity  is  between  zinc  and  tin  ;  it  is  not  very  flexible  ;  and  it  melts  at  700°.  The 
industrial  value  of  aluminum  is  chiefiy  due  to  its  resistance  to  the  infiuence  of  oxi- 
dising agents  ;  at  the  ordinary  temperature  of  the  air  it  is  entirely  unaltered,  and  it 
may  even  be  heated  to  redness  without  being  much  oxidised.  Aluminum  does  not 
decompose  water  even  at  a  red  heat,  neither  is  the  metal  acted  upon  by  sulphuretted 
hydrogen,  owing  to  the  slight  affinity  between  aluminum  and  sulphur.  Upon  melting 
together  a  mixture  of  aluminum  and  silver  sulphide,  sulphur  is  liberated,  and  an 
alloy  of  aluminum  and  silver  is  formed.  Aluminum  is  very  little  acted  upon  bv 
dilute  sulphuric  acid,  but  it  is  very  energetically  attacked  by  dilute  hydrochloric  acid, 
forming  aluminum  chloride  and  free  hvdrogen.  Aluminum  is  not  attacked  by 
dilute  or  concentnited  nitric  acid,  and  boihng  sulphuric  acid  acts  very  slowly  on  the 
metal.  Caustic  potash  and  soda  dissolve  aluminum,  forming  soluble  aluminates, 
with  evolution  of  hydrogen.    Ammonia  exerts  verv  little  action  upon  the  metaL 

Commercial  aluminum  is  always  contaminated  with  silicon  and  iron.  Bammels- 
berg found  in  a  sample  between  2  and  10  percent,  of  silicon,  and  the  amount  of  iron  is 
sometimes  as  much  as  6  per  cent,  and  upwards. 

FreparattoB. — Wohler's  method  of  obtaining  this  metal  consists  in  decompos- 
ing aluminum  chloride  with  potassium  ;  but  at  the  present  day  it  is  prepared  either 
from  the  double  aluminum  and  sodium  chloride  prepared  artificially,  or  from 
natural  cryolite  (aluminum  and  sodium  fiuoride). 

From  Aluminum  and  Sodium  Chloride. — The  essential  feature  of  this  process  con- 
iiists  in  mixing  the  aluminum  and  sodium  chloride  with  sodium,  common  salt,  and  fluor 
spar,  and  exposing  the  mixture  to  a  temperature  sufficient  to  cause  the  sodium  to  ab- 
Biract  the  chlorine  from  the  aluminum  chloride,  and  liberate  aluminum.  The  common 
mlt  Korvefl  a*;  a  flux,  and  the  addition  of  fluor  H^vir  serves  to  dissolve  small  quantities 
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of  alumina  produced  bj  the  action  of  moisture  upon  the  aluminum  chloride  and  it  is 
essential,  not  only  because  alumina  is  not  reduced  bj  sodium,  but  also  because  the 
alumina  formed  covers  the  granules  of  aluminum  produced  and  prevents  their  fus- 
ing together  to  a  homogeneous  mass. 

Por  preparing  aluminum,  Sainte-Claire  Deville,  Morin,  and  Debray  recommend 
the  following  mixture : — 

Aluminum  and  sodium  chloride 400       parts 

Sodium 76-80    „ 

Common  salt 200         „ 

Fluor  spar 200         „ 

The  aluminum  and  sodium  chloride  is  mixed  with  the  salt  and  fluor  spar,  both 
thoroughly  dried,  and  finely  powdered ;  alternate  layers  of  this  mixture  of  sodium  are 
then  placed  in  a  crucible  covered  with  a  layer  of  common  salt  and  gradually  heated 
in  a  reverberatory  furnace  until  the  crucible  and  its  contents  acquire  a  white  heat, 
the  melted  mass  being  continually  stirred  during  the  operation.  Upon  pouring  the 
contents  of  the  crucible  upon  a  cold  stone  floor,  the  greater  part  of  &o  aluminum  is 
obtained  as  a  compact  lump ;  the  small  granules  which  remain  dispersed  through  the 
slag  are  afterwards,  as  far  as  may  be,  coUected  separately. 

Morin  heats  the  mixture  in  a  reverberatory  furnace,  instead  of  crucibles,  the  hearth 
being  constructed  so  that  the  aluminum  collects  in  a  hollow  and  there  melts  to  a 
compact  mass.    He  recommends  a  mixture  consisting  of : 

Aluminum  and  sodium  chloride 100  parts 

Sodium 20    „ 

Fluor  spar 50    „ 

Cryolite  may  always  be  used  with  advantage  in  place  of  fluor  spar.  It  acts  both 
as  a  solvent  for  alumina  like  fluor  spar,  and  also  increases  the  yield  by  furnishing 
some  aluminum.  When  cryolite  is  substituted  for  fluor  spar,  the  following  mixture 
may  be  used : — 

Aluminum  and  sodium  chloride 110  parts 

Sodium 85    „ 

Cryolite 40    „ 

From  Cryolite. — When  cryolite  and  sodium  are  melted  together  in  the  presence  of 
a  flux,  the  fluorine  of  the  cryolite  combines  with  the  sodium,  and  aluminum  is 
liberated  in  the  metallic  state.  The  mixture  used  in  the  Rouen  aluminum  manufac- 
tory consists  of: 

H.  Rose.  Wyhler. 

Cryolite 50  parts  16    parts 

Sodium 20    „        12i-.16j    „ 

Potassium  chloride 50    „  9      m 

Sodium  —  7      „ 

The  mixture  of  flnely-powdered  cryolite  and  potassium  chloride  or  sodium  chloride 
is  placed  in  alternate  layers  with  slices  of  sodium  in  a  crucible,  which  is  tlien  strongly 
heated  in  a  reverberatory  furnace.  When  the  reaction  is  complete,  the  melted  mass 
is  poured  into  iron  moulds,  the  aluminum  detached  from  the  slag,  remelted  and  cast 
into  ingots. 

Dumas  gives  the  following  as  the  results  of  analyses  of  commercial  aluminum  : — 

Aluminum 92*5  96*16 

Silicon 07  047 

Iron 6-3  3  37 

Vses. — The  chief  use  of  aluminum  is  in  the  manufacture  of  fancy  articles ;  for 
instance,  jewellery  for  setting  stones,  bracelets,  watch  cases,  brooches,  seals,  pen- 
holders, studs,  handles  of  knives  and  forks,  spectacles,  opera  glasses,  etc.,  etc.,  for 
which  purposes  it  is  especially  fitted,  owing  to  its  not  being  attacked  by  sulphuretted 
hydrogen.  Aluminum  is  very  useful  for  articles  in  which  comparative  strength  com- 
bined with  great  lightness  is  required,  8uch  as  tubes  for  optical  instruments,  small 
weights,  surgical  instruments,  etc.,  etc.  Pens  made  of  aluminum  are  more  durable 
and  lighter  Uian  those  made  of  steel. 

Aluminum  is  not  well  suited  for  coinage,  owing  to  its  fluctuating  value,  and 
further  because  it  loses  its  value  when  dissolved  ;  it  may  be  used  in  making  medals, 
counters,  etc. 

Compounds. — Aluminum  forms  only  one  series  of  compounds,  and  as  com- 
pared with  hydrogen  or  chlorine  it  is  trivsuent ;  but  since  these  compounds  appear  to 
contain  two  atomic  proportions  of  aluminum  united  in  the  molecules,  it  is  probably 
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tothiyalent  and  only  apparently  triyalent.  The  compounds  of  aluminum  present 
close  analogies  with  some  of  those  of  iron  and  chromium ;  the  composition  of  the 
chloride  is  represented  by  the  formula  ALCl„  that  of  the  oxide  by  the  formula  Al^O,, 
and  the  sulphate  is  Al^SSO^.  Most  aluminimi  compounds  combine  with  correspond- 
ing compounds  of  monovalent  elements,  forming  double  salts ;  thus  the  chloride  com- 
bines with  sodium  chloride,  the  sulphate  with  pf)tassium  sulphate,  and  tlio  oxidt*  with 
water  forming  double  salts,  as  shown  by  the  following  equations : 

Al^Clf       4-  2NaCl     a     2AlNaOl4  sodic  aluminum  chloride. 
A^SS04    -I-  E^04     ^     2(A1E2S0«)  potassic  aluminum  sulphate. 
AltO,        +  H,0         «     2A1H0,     monohydrate. 

Besides  the  hydrate  represented  by  the  last  formula,  there  are  two  otbers,  a  tri< 
hydrate  AlH^O^  and  an  intermediate  dihydrate  Al^H^O^  with  other  basic  oxides. 
The  oxide  also  forms  compounds  of  a  similar  nature,  which  are  termed  aluminates; 
thus,  for  instance,  a  potassic  compound  analogous  to  the  monohydrate  has  a  composi- 
tion represented  by  the  formula  AIKO,,  and  several  compounds  of  the  same  kind 
occur  naturally;  for  instance,  the  zinc  aluminate  Al^nO^,  as  gahnite,  and  mag- 
nesium aluminate  Al^gOf,  as  spinel.  The  sodium  compound  AlNa,0,  is  used 
as  mordant  in  calico-printing,  and  is  produced  artificially  for  that  purpose. 

The  oxygenated  compounds  of  aluminum  and  silicon  are  among  the  most  impor- 
tant of  the  natural  substances  containing  aluminum.  All  the  different  kinds  of  clay 
consist  essentially  of  an  aluminum  silicate,  but  the  relative  proportions  of  their 
constituents  rary  considerably.  Aluminum  silicates  combine  with  other  silicates  to 
form  double  salts,  and  a  very  largo  proportion  of  the  minerals  which  constitute  the 
various  crystalline  rocks  are  substances  of  this  nature. 

The  compounds  of  aluminum  are  generally  colourless.  Those  which  are  soluble 
in  water  have  a  sweetish  astringent  taste.  Many  of  the  saline  compounds  are  quite 
insoluble  in  water,  but  they  are  readily  dissolved  by  hydrochloric  acid  or  sulphuric 
acid,  unless  they  have  been  strongly  heated. 

The  alloys  of  aluminum  are  of  great  interest  and  importance ;  with  tin  it  forms 
a  veiy  hard  alloy;  with  copper  the  well-known  gold-coloured  alloy  known  as 
aluminum  bronze. 

This  alloy  of  aluminum  and  copper  is  much  used  for  making  artificial  jewellery, 
etc.  It  possesses  great  lustre,  hardness,  and  durability :  the  proportions  are  generally 
10  per  cent,  of  aluminum  and  90  per  cent,  copper.  The  hardness  of  this  alloy  in  the 
cast  state  is  between  iron  and  steel ;  when  hammered  its  hardness  approaches  that 
of  steel. 

Owing  to  the  great  hardness  of  aluminum  bronze,  it  might  be  used  with  advan- 
tage for  plumber  blocks  if  sufficiently  cheap.  Experiments  made  with  tliis  object 
gave  excellent  results. 

An  alloy  of  06  per  cent,  aluminum  and  4  percent,  silver  has  a  white  colour  and 
considerable  lustre.    It  would  answer  well  for  table  platis 
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This  salt  is  a  yellowish  crystalline  substance  volatilisable  at  a  moderate  red  heat. 
It  is  deliquescent  and  very  soluble  in  water;  when  the  solution  is  evaporated  to  dry- 
ness, decomposition  takes  place  and  alumina  is  formed,  together  with  hydrochloric 
acid,  which  escapes. 

•  Vrepamtloii. — For  preparing  aluminum  chloride  on  the  small  scale,  either  a 
tubulated  glass  retort,  coated  with  fire  clay,  or  a  porcelain  retort,  is  filled  with  an  in- 
timate mixture  of  alumina  and  charcoal  made  into  a  pa^to  with  oil ;  Uie  retort  is  then 
placed  in  a  reverberatory  furnace,  with  the  neck  protruding,  and  heated  to  redness, 
while  at  the  same  time  chlorine  is  passed  into  the  retort.  Aluminum  chloride  distils 
over,  condensing  in  the  neck  of  the  retort  and  receiver  as  a  mass  of  laminar  crystals. 

For  preparing  this  salt  on  a  large  scale  Sainte-Claire  Devil le  recommends  the  use 
of  a  fire-clay  gas  retort  set  upright,  at  the  bottom  of  which  is  an  opening  that  can  bo 
cloaed  by  a  close-fitting  slide,  while  the  upper  end  is  fitted  with  a  lateral  delivery 
tube,  through  which  the  vapour  produced  in  the  retort  rasses  into  a  condensing 
chamber.  In  working  the  apparatus  the  retort  is  filled  with  a  mixture  of  alumina, 
cual  tar,  and  charcoal,  heateu  to  redness,  and  dry  chlorine,  passed  into  the  retort  at 
the  lower  pirt  of  it,  the  mouth  being:  closed  directly  vapour  of  aluminum  chloride  be- 
gins to  appear  in  large  quantity.     The  heating  and  supply  of  chlorine  are  continued  as 
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long  as  alaminnm  chloride  is  formed,  and  then  the  slide  at  the  bottom  of  the  litat 
is  opened,  the  mitidue  dniim  out,  and  the  retort  chaiged  again. 
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BIstorj. — This  substance  was  first  shown  to  be  distinct  firom  lima  in  17M  ly 
Harggrafl^  who  pointed  out  that  the  earth  obtainable  from  alnm  does  not  dliwiini 
ammonia  from  sal  ammoniac,  and  that  its  saline  oomponnds  are  quite  difienDtm 
those  of  lime ;  he  also  showed  that  clay  contained  this  earth  in  oombinatioo  vith 
silica.  Some  years  before  this,  however,  Hellot  had  described  the  eaith  obUimd 
from  clay  by  means  of  sulphuric  acid  and  subsequent  precipitation  by  fixed  alkali,  m 
being  almost  insoluble  in  acids  after  it  had  been  heated  to  redness.  The  solibility 
of  moist  alumina  in  caustic  alkalies  was  first  observed  by  Klaproth  in  1789. 

Oeenrrenoe.— Alumina  occurs  naturally  as  corundum  or  adamantine i^r, 
the  purer  crystalline  varieties  of  this  mineral  constituting  the  ruby  and  sapphirt: 
the  impurer  variety,  termed  emery,  contains  a  considerable  amount  of  ferric  oxidi. 

cniaraetara. — Crystallised  alumina  is  next  to  the  diamond  the  hardest  snUtiiM 
known ;  its  density  is  about  3*9  ;  the  purer  natural  varieties  are  transparent  or  tail' 
lucent,  and  in  the  pure  Htate  it  is  colourless  ;  the  colour  varies  from  white  or  gny  ti 
blue,  rod,  yellow,  and  bniwn.  owing  to  the  presence  of  minute  propoitJOSi  of 
metallic  oxides;  the  more  impure  varieties  are  opaque  and  dark-coloured,  htki 
crystalline  condition  alumina  is  quite  infusible  and  insoluble  in  acids,  lliis  ii  ibi 
the  case  with  artificially  prepared  alumina,  especially  after  it  has  been  heated  to  nd- 
ness  ;  but  by  faijion  with  acid  sulphate  of  potassium  or  with  alkaline  hydntci  it  ii 
rendered  soluble. 

Alumina  combines  with  water  in  three  proportions,  forming  hydrates;  the  naM- 
hydrate  AlHO,  occurs  naturally  as  di  asp  ore. 

The  trihydrute  Alir,0,  also  oi^curs  naturally  as  gibbsite;  it  is  obtained tt i 
gelatinous  precipitate  by  adding  an  alkali  to  the  sulution  of  an  aluminum  salt,  tad 
when  dried  at  a  m'jderute  heat  it  is  a  soft  friable  nuiss,  soluble  in  acids  and  ctutie 
alkalies  :  it  adheres  to  the  tongue,  and  forms  a  stiff  paste  with  water,  but  is  insolaUB 
in  that  liquid.    At  a  red  heat  it  gives  up  its  water  and  contracts  considerably.   Ttim 
hydrate  hns  a  marked  c^ipacity  of  combining  with  some  neutnil  organic  substaoecB* 
and  the  pigments  termed  la  ken  aro  of  this  nature.    The  fibr<'S  « f  cotton  impng- 
nated  with  alumina  acquire  tlw  ]Kjwer  of  retaining  colour  substances,  and  on  tbi* 
account  aluminous  salts  are  us<'(l  as  mordants  for  producing  fast  colours  in  dyeing  m^ 
calico-printing. 

The  dihydrato  AUU^O^  is  formed  when  a  dilute  solution  of  aluminum  diacetsto  i* 
exposed  for  several  days  to  a  temperature  of  100^  in  a  close  vessel ;  the  salt  sppesxi 
to  lio  decomposed,  and  acetic  acid  liber:ited.  though  the  alumina  is  not  preci|Atitsd 
and  it  remains  dissolved  when  the  solution  is  boiled  in  an  open  vessel  to  drive  df  thi 
acetic  acid.  The  MoluUon  is  coagulated  on  the  addition  of  mineral  or  vegetable  aod^ 
and  by  decoctions  of  dye  woods,  but  the  alumina  it  contains  does  not  set  ii  * 
mordant.  On  evaporation  to  dryness,  the  dihydrate  remains  in  a  condition  inioloU' 
in  strong  acids,  but  soluble  in  acetic  acid.  By  boiling  with  solution  of  potash  it  ^ 
converted  into  the  trihydrate. 

Preparation. — Alumina  may  be  prepared  by  igniting  aluminum  sulphsti  9 
ammonia  alum,  or  by  adding  ammonium  carbonato  to  a  lK)iling  Ro1uti3n  of  an  •It' 
minum  salt,  washing  the  precipitiito,  and  drying  it  at  a  moderate  heat  or  by  ignitioii 
accordingly  as  the  alumina  is  roquircvl  to  be  in  the  state  of  hydrate  or  anhydrouf*  * 
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FofiMVLA  AlNaCl4.    Molrcular  WmoHT  192*5. 

Freparatloii. — This  double  salt  may  be  prepared  by  heating  up  to  200^  kt 
a  short  time  a  mixture  of  equal  molecular  proportions  of  aluminum  chloride  ui 
sodium  chloride ;  the  combination  takes  place  with  considerable  developiuent  of  hoi 
To  obtain  aluminum  and  sodium  chloride  directly,  a  retort  coated  with  fire  dij  ii 
filled  with  a  mixture  of  alumina,  coal  tar,  chiircoal,  and  common  salt,  heatea  ta 
redness,  and  chlorine  passed  into  it.  The  aluminum  chloride  thus  formed,  combiatf 
with  the  .<Mxlium  chloride,  forming  the  doublu  salt  whii^h  distils  over;  but  as  it  is  iMI 
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?t)bti]a  than  alnmiaiim  chloride,  a  higher  tempenture  is  reqmred«  Hayeyer,  by 
thb  direct  method,  an  operation  ie  eared,  and  it  is  generally  adopted. 

The  alnmina  need  in  the  preparation  of  alnminum  chloride  (or  the  double  salt)  ie  ob- 
tained in  diiBnent.wayB.  Sainte-Ciaire  Deyille  recommends  the  nseof  calcined  ammonia 
alnm.  Impure  cryolite  also  yields  a  nseM  alnmina,  when  boiled  in  fine  powder  with 
milk  of  Kme,  by  which  it  is  eonyerted  into  soluble  sodium  aluminate  and  calcium 
fluoride,  wfaidi  remains  undissolved.  The  clear  solution  is  decanted  off  and  carbonic  acid 
paaMd  through  it,  by  which  means  sodium  carbonate  is  formed  and  remains  in  solution, 
irfiile  aluminum  hydrate  is  precipitated ;  this  is  separated  from  the  solution  and  dried, 
the  soda  solution  being  eyaporated  to  obtain  soda  for  preparing  metallic  sodium. 

Other  porous  kinds  of  alumina  may  be  used  in  the  preparation  of  aluminum,  but 
care  must  be  taken  that  tbey  are  free  from  iron,  otherwise  the  aluminum  prepared 
from  them  is  apt  to  be  contaminated  with  that  metal. 


Formula  Al^O^  +   18H,0.    Molbcttlab  Wdoht  667. 

This  salt  ooeurs  in  commerce  under  the  name  of  alum  cake,  or  concentrated 
alum,  and  is  now  often  used  in  the  place  of  ordinary  alum. 

Ohaimeters. — Aluminum  sulphate  dissolyes  in  two  parts  of  water,  and  upon  eya- 
poiadng  the  salt  oystallises  in  pearly  scales,  which  form  a  crystalline  mass  when 
separated  from  the  mother  liquor  and  dried.  The  salt  mdts  in  its  water  of  crystal- 
Usatioo  upon  cooling.  Hie  amounts  of  salt  in  solutions  of  different  density  are  indi- 
cated  in  toe  following  table : 


DegzeeB 

Speoiflo 

Alnmlnnm 

Degrees 

Spedflo 

Aluminmn 

BauiD^ 

grayity 

solidutte 

Barnn^ 

gravid 

sulphate 

1 

1007 

8-64 

17 

1-123 

166*7 

)            2 

1018 

17-29 

18 

1-132 

166-6 

8 

1020 

26-96 

19 

1-140 

176*4 

4 

1027 

33-72 

20 

1-148 

189-2 

6 

1088 

41-61 

21 

1167 

2021 

6 

1040 

49-29 

22 

1-166 

2160 

7 

1047 

6708 

23 

1-174 

227-9 

8 

1066 

67-20 

24 

1-183 

241-9 

9 

1062 

77-60 

26 

1-192 

266-9 

10 

1*069 

86-9 

26 

1-201 

269*0 

11 

1-077 

97-2 

27 

1-211 

283-9 

12 

1084 

107-4 

28 

1-220 

297-6 

18 

1092 

117-3 

29 

1*230 

311-3 

14 

1099 

127-1 

30 

1-239 

826-0 

16 

M07 

137-0 

81 

1*249 

3380 

.. 

M16 

146-8 

32 

1-260 

862-8 

The  fbUowing  table  giyes  the  results  of  analyses  of  difforent  kinds  of  aluminum 
nlphate: 


Loeality 

Plympton 

— 

Analyst 

MnspraU 

Wegand 

H.  Fleok                     1 

Alaminum  aulphate   . 

Sodium  sulphate 

I^  solphurie  add    . 

'snie  oxide       .... 

fMaah 

Water 

6100 

63-70 

116 
0*62 

47-36 
4-36 
0-73 

47-37 

60-80 
1-24 
0-27 

61-63    ' 
0-77 

1 
1 

i 

4000 

46-79 

47*47 

46-94 

X 
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VrepamtloB*— AluminQin  sulphate  is  prepared  ftom  rarimiB  raw  materials, 
such  as  day,  cryolite,  bauxite,  etc 

From  Clay  mid  Sdpkmno  AM, — For  pieparing  alnminum  sulphate  from  day,  the 
purest  kind  of  day  is  selected,  kaolin,  or  pipe  day,  being  the  most  suitable  kind, 
care  being  taken  that  the  day  contains  only  traces  of  lime  and  iron.  The  day  is 
first  heated  to  redness  in  a  reyerberatory  fiirnace,  and  thus  loses  its  plastic  consis- 
tency, beooming  porous  and  friable,  while  any  ferrous  oxide  is  conyerted  into  ferrie 
oxide^  which  is  less  easily  attacked  by  sulphuric  acid  when  it  has  been  heated  to  redness. 

The  calcined  day  is  reduced  to  a  fine  powder  and  sifted  to  separate  coarse  pi^OM, 
then  heated  with  sulphuric  add  of  sp.  gr.  1*462  to  1*490.  The  treatment  with  add 
maybe  carried  out  either  by  mixing  the  clay  in  a  pan  covered  with  a  brick  areh 
with  about  two-fifths  of  its  weight  of  sulphuric  add,  and  heating  the  whole  to  about 
70°  by  TnaVing  the  fiame  of  a  reverberatoi^  furnace  pass  under  the  arch,  or  a  wooden 
trough  lined  with  lead  may  be  used  for  mixing  the  day  and  sulphuric  add,  allowing 
the  mass  to  remain  24  hours  at  the  ordinary  temperature,  and  then  slightly  heating 
it  in  leaden  pans  for  a  few  hours.  The  action  of  sulphuric  add  upon  clay  consists  in 
decomposing  the  aluminum  silicate,  with  formation  of  aluminum  sulphate  and  free 
silicic  add.  The  process  is  considered  complete  when  no  free  sulphuric  acid  remains 
in  the  mixture,  which  may  be  ascertained  by  testing  a  filtered  portion  of  the  liquid 
with  a  solution  of  sodium  hyposulphite,  when  no  precipitate  or  cloudiness  should  be 
prodxiced.  Another  test  consists  in  plunging  a  strip  of  zinc  into  the  liquid ;  no  escape 
of  hydrogen  indicates  the  absence  of  free, sulphuric  acid. 

The  clay,  after  treatment  with  sulphunc  acid,  is  placed  in  wooden  lixiviating 
vessels  lined  with  lead,  and  stirred  up  with  water  to  a  thin  paste.  After  a  time  the 
silica  and  undissolved  clay  settle  to  the  bottom,  leaving  a  clear  solution  above.  !nie 
first  and  strongest  solution,  having  a  specific  gravity  of  1*109  to  1*134,  is  evaporated 
in  leaden  pans  by  the  waste  heat  of  the  caldning  furnaces,  and  the  weaker  smutions 
are  used  for  lixiviating  fresh  quantities  of  crude  sulphate. 

The  solution,  after  being  evaporated  to  a  spedfic  eiavity  of  about  1*152,  is  allowed 
to  settle  in  tanks,  and  the  dear  liquid  evaporated  till  it  has  a  spedfic  gravity  of 
1*857  or  1'420,  and  forms  when  cold  a  hard  mass;  it  is  then  run  into  moulds  made  of 
lead.  When  the  solution  contains  iron,  a  small  quantity  of  yellow  potassium  prus- 
siate  is  added  to  it  while  in  the  settling  tanks,  which  forms  an  insoluble  predpitate 
of  Berlin  blue,  that  settles  out  with  the  other  insoluble  impurities  at  the  bottom. 

Ftrom  Cryolite, — The  preparation  of  aluminum  sulphate  from  cryolite  (AlF,  + 
SNaF)  is  always  carried  out  in  connection  with  the  manufacture  of  soda  or  sodium 
hydrate.    (See  p.  270.) 

From  Bauxite, — ^This  mineral,  containing  from  60  to  75  per  cent,  of  alumina,  is 
mixed  with  caldned  sodium  carbonate  and  heated  in  a  reverberatory  furnace.  The 
mass  then  lixiviated  yields  a  solution  of  sodium  aluminate,  which  is  decomposed  by 
carbonic  acid  and  the  alumina  precipitated  ;  after  washing  the  alumina,  it  is  heated 
with  sulphuric  add  in  the  usual  wav. 

Bauxite  may  also  be  decomposed  either  by  heating  it  to  redness  with  sodium  sul- 
phate and  charcoal,  or  by  boiling  it  with  caustic  soda.  In  both  cases  sodium  alumi- 
nate is  formed,  which  is  treated  in  the  manner  above  described.  Sodium  aluminate 
is  also  formed  by  passing  superheated  steam  over  a  mixture  of  bauxite  and  common  salt. 

The  methods  above  described  involve  the  consumption  of  a  large  quantity  of  Ibel 
for  dissolving  the  aluminum  hydrate  in  sulphuric  add ;  and  insoluble  basic  alu- 
minum sulphate  is  liable  to  be  formed.  Pemberton  has,  therefore,  introduced  the 
following  method  by  which  these  inconveniences  are  got  rid  of.  A  quantity  of 
moist  aluminum  hydrate  (containing  38  per  cent,  of  aluminum  hydrate)  is  mixed 
with  such  a  quantity  of  sulphuric  add  that  the  whole  corresponds  to  the  compodtion 
of  the  aluminum  sulphate,  indusive  of  the  18  molecules  of  water.  The  rise  of  tem- 
perature caused  by  the  mixing  is  sufficient  when  large  quantities  are  operated  upon 
to  determine  the  solution  of  the  alumina  in  the  sulphuric  acid,  and  upon  cooling  the 
whole  forms  a  hard  mass.  When  bauxite  is  used  for  preparing  aluminum  sulfate, 
soda  and  caustic  soda  are  always  produced  at  the  same  time.    (See  p.  271.) 

From  Blast  Furnace  l^ay, — ^Liirmann's  process  consists  in  heating  the  cranulated 
slag  with  hydrochloric  acid  in  a  vat  covered  with  a  lid,  to  dissolve  the  alumina,  which 
18  then  predpitated  by  adding  findy  powdered  calcium  carbonate.  The  precipitate, 
after  being  washed,  is  dissolved  with  sulphuric  add,  the  clear  liquid  drawn  off  from 
the  undissolved  dlica,  and  evaporated.  Owing  to  the  fact  that  ferrous  oxide  is  not 
precipitated  by  calcium  carbonate,  aluminum  sulphate  thus  prepared* is  but  little 
contaminated  with  iron,  provided  the  access  of  air  is  prevented,  after  adding  the  cal- 
cium carbonate. 
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VMSv^-Almmnniii  snlphate  maj  be  lued  in  nearly  all  cases  as  a  substittite  for  alum 
and  since  the  nseftil  qnalities  of  alum  are  essentiallj  dae  to  the  alumina  contained  in 
that  salt,  it  is  obvious  that  there  is  an  advantage  in  using  aluminum  sulphate,  instead 
of  ordinaij  alum,  inasmuch  as  it  is  cheaper,  and  contains  a  larger  amount  of 
alumina ;  it  is  lUao  more  soluble  than  potash  alum.  Aluminum  stdphate  has,  how- 
aver,  some  disadvantages ;  it  is  apt  to  contain  an  excess  of  acid  and  varying  amounts  of 
water ;  so  that  before  using  a  sample  of  the  salt  it  is  necessary  to  ascertain  Uie  amount 
of  watar  it  oootains ;  it  is  also  more  difficult  to  obtain  aluminum  sulphate  as  free 
ftom  iron  as  ordinaiy  alum. 


wofTMmaxum  Am  AJLUMnrvM  sv&vMATa  (aiiVm). 

FoBXUUL  A1£,2S04  +   12H,0.  Molbcuijlb  Wbight  474*6. 


r. — The  history  of  this  salt  is  rendered  somewhat  uncertain,  not  only  by 
the  ikct  that  in  early  times  it  had  di£ferent  names,  but  also  because  the  term  tdum 
(rrnrrfpla  of  the  Qieeks  and  alumen  of  the  Bomans)  was  applied  to  very  different 


Tha  substanoe  termed  <m«Tffp(a  was  known  before  the  fifth  centuy.  It  was 
mantioned  by  Herodotus  in  the  first  eentury  of  the  Christian  era,  and  Dioseorides 
deaeribed  it  as  being  found  in  E^jpt,  upon  Melos,  in  the  Lipari  Islands,  in  Sardinia, 
Macedonia,  Phrygia,  Armenia,  etc.  Phny,  who  is  the  first  author  that  makes  mention 
<d  ojaman,  speaks  of  several  kinds :  whi  te  alum,  used  for  dyeing  wool  bright  colours, 
and  blaek  alum,  for  giving  a  dark  colour.  The  same  author  mentions  that  alum  is 
cdUmred  blaek  by  galls. 

Heiioa  it  follows  that  the  ancients  either  had  no  true  alum,  or  at  least  it  must 
have  been  considerably  contaminated  with  iron,  for  pure  alum  is  not  coloured  by 
gall  nnta.  Most  probably  the  an-rrtpla  of  the  Greeks  and  the  alumen  of  the  Bomans 
was  a  miztore  containing  alum  and  a  large  quantity  of  iron  sulphate. 

Tlie  Arabian  chemist  Geber,  who  lived  in  the  eighth  century,  was  certainly 
acquainted  with  pure  alum.  In  his  day,  large  quantities  of  alum  came  into  the 
flOAiket  from  the  East.    The  same  chemist  described  the  burning  of  alum. 

At  the  time  of  the  taking  of  Constantinople  by  the  Arabians,  the  manufacture 
of  ahim  was  introduced  into  Italy  by  De  Castro,  who  learnt  the  method  of  preparing 
it  doling  his  travels  in  the  East ;  and  on  returning  to  his  native  country,  recognised, 
near  Tcmia,  a  plant  which  he  had  observed  to  be  characteristic  of  the  alum  districts  in 
the  East.  Upon  examining  the  soil  it  was  found  to  contain  alum,  and  the  immediate 
remit  was  the  foundation  (in  1468)  of  alum-boiling  works  on  the  spot  Soon  after- 
wards the  manu&cture  of  alum  was  commenced  in  Qermany.  The  alum  works  near 
Dabein  existed  at  the  beginning  of  the  sixteenth  century. 

The  alum  works  of  La^  were  famous  at  the  beginning  of  the  present  century. 
Is  1806  there  were  no  less  than  23  alum  works  in  the  neighbourhood,  and  even  at  an 
eariier  period  South  Germany  was  entirely  supplied  with  alum  from  Li^. 

OeevrrMM«« — Alum  occurs  naturally,  but  only  in  small  quantities,  chiefly  in 
Toleanic  districts,  as  an  efflorescence  on  the  surface  of  fissures  in  lava ;  also  in  coal 
districts,  as  at  Saarbriicken,  and  upon  alum  shale. 

(Ehe  mineral  known  as  alunite  occurs  in  much  larger  quantities  than  alum  itself 
in  volcanic  districts,  and  its  composition  is  similar  to  that  of  alum,  being  rcpre- 
ssntad  by  the  formula : 

A1^S04  +  K^O,  +   2A1,0„12H,0. 

\m — Potash  alum  is  a  double  salt  containing  aluminum  sulphate  and 
in  the  state  of  sulphate,  combined  with  water  of  crystallisatioD. 

• — Alum  is  a  colourless  transparent  substance,  crystallising  in  forms 
belonging  to  the  regular  system,  generally  in  octahedra.  When  heated  to  60*^,  alum 
Vises  18  molecules  of  water.  At  a  still  higher  temperature  it  gives  off  the  remainder 
ef  its  water  of  crystallisation,  swells  up  considerably,  and  is  converted  into  burnt 
alum.    It  is  soluble  in  water,  more  so  in  hot  than  in  cold  water. 

The  following  table  gives  the  proportion  of  alum  dissolved  by  100  parts  of  wnter 
tt  difbreat  temperatures : — 


aip.0. 

Amount  of  Alum  disBolved 

Ttmp,  C. 

Amonnt  of  Alum  dinolvml 

V* 

8-90 

60« 

66-65 

10^ 

9-52 

70° 

90-67 

20« 

1613 

80^ 

134-47 

JO^ 

2201 

1)0® 

209-31 

40^ 

3002 

100« 

867-48 

W* 

4411 

X 

2 
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Upon  adding  ammonia  in  ezoeu  to  an  aqaeona  loliitioD  of  alum,  pan 
bjdrate  in  precipitated ;  bnt  basic  alnminom  sulphate  is  prociptated  wte  Ai 
ammonia  added  is  not  qnite  sufficient  to  decompose  all  the  Slum  in  ioliitioi.  1^ 
carefully  adding  to  a  solution  of  alum  sodium  carbonate,  but  not  suffident  to  aw* 
permanent  precipitate,  a  solution  of  basic  aluminum  suljdiate  is  obtained,  Iwim  tt 
neutral  alum.  By  heating  this  solution,  basic  aluminum  sulphate  is  yiwijfUtdi 
and  when  the  s<dution  is  allcmd  to  evaporate  slowly  in  the  air,  enbie  ujirii  tf 
alum  are  obtained.  This  cubic  alum  ooeuzs  in  Roman  alum.  A  solutioB  of  Mibd 
slum  may  also  be  prepared  by  treating  a  solution  of  alum  with  freshly  pree|iMrf 
aluminum  hydrate,  until  it  ceases  to  be  dissolved. 

Roman  Alum  differs  from  ordinary  alum  in  containing  rather  more  alnuaiyiiiii 
being  crystallised  in  cubes,  instead  of  octahedra.  It  dissolves  in  water  without  riwn 
but  upon  heating  the  solution  to  42*^  basic  alum  is  deposited ;  and  the  solutioa  fl» 
tains  ordinary  alum,  which  crystallises  in  octahedra.  Boman  alum  is  chanetariBl 
by  great  purity,  but  it  generaUy  presents  a  slightly  rubbed  appeazanee,  and  ii  <A* 
covered  with  a  reddish  earth. 

The  term  alum  is  now  applied  to  a  number  of  salts  having  a  oonq^tioa  ndf 
gous  to  that  of  potash  alum,  but  having  either  the  aluminum  or  the  poUsuB  » 
placed  by  kindxwi  metals.  The  following  formuls  represent  the  relations  of  tarn  rf 
these  salts : — 

Potash  alum  Al^O^  +  E,     S04  +  24HfO  -  2(A1K      SSO^-flJ 

Chrome  alum  Cr^SSOf-i-K,     S04  +  24H,0  «  2(GrK      2SO4+IS 

Soda  alum  A^SSO^  +  Na,  S04  +  24H,0  -  2(AlNa    2S04-fIl 

Ammonia  alum  A1^04  +  2NH48O4  +  24H2O  »  2(A1NH4  2SO4  -f  ItEQJi 

Since  potassium  salts  are  comparatively  dear,  and  the  action  of  alum  is  tmalStlf 
due  to  the  alumina  it  contains,  potash  or  ordinary  alum  has  of  late  been  cooiMswiHy 
replaced  by  ammonia  alum. 

Vreiiaimtloii. — ^Alum  is  prepared  tram  various  raw  materials.  Small  qMStilitf 
are  extracted  from  certain  kinds  of  lava,  and  Boman  alum  is  prepared  tarn  ihB 
stone ;  but  the  greater  part  of  the  alum  of  commerce  is  prepared  from  alum 

Preparation  from  Lava, — The  alum  found  in  volcanic  districts  is  no  domhc 
bv  the  action  of  free  sulphuric  acid,  originating  bv  the  oxidation  of  sulphur  sal 
phuretted  hydrogen  in  moist  air,  upon  lava  containing  alumina  and  potash.  Ahni  ill 
formed  by  the  action  of  volcanic  neat  upon  alum  stone,  in  the  Auveigne,  in 
and  in  burning  coal  seams ;  in  each  instance  it  occurs  mostly  as  an  effloresosnoB. 

In  solfntara  the  efflorescence  of  alum  is  promoted  by  increasing  the  saiflM 
posed  to  the  air  by  breaking  the  lava  into  small  pieces  and  stacking  them  up  in 
the  alum  is  then  extracted  by  lixiviation,  and  the  solution  evaporated  by  tb» 
heat  of  the  soil  (about  40°).    This  source  of  alum  is  however  very  unimpoitsat 

Mum  from  Mum  Stone. — This  mineral,  known  asalunite,  occurs  imbedded  ii 
volcanic  rocks,  but  only  in  small  quantities.  The  most  important  source  of  aluniMi 
is  at  Tolfa,  near  Civita  Veochia,  where  there  are  large  alum  works.  Alum  stossila 
occurs  in  the  Duchy  of  Piombino,  near  Montioni  in  Tuscany,  near  Tokay  in  HnM 
on  Mont  Dore  in  France,  and  in  some  of  the  islands  in  the  Oredan  AiAigijf 
(Milo,  Nipoligonte).  Alum  stone  also  occurs  at  Zabreze,  in  Upper  Silesis.  V 
composition  of  the  alum  stone  of  different  localities  is  shown  by  the  rollowing  tsU^^ 


Locality    . 

Tolfa 

Hnngszy 

Montioni 

MtDai 

Analyst    . 

Sulphuric  acid  . 
Alumina  . 
Potash 
Water 
Silica 
Ferric  oxide 

Vaaqaelln 

Elaproth 

Kla|>n>th 

DeeootUn 

OHttr 

260 

43-9 

31 

4-0 

240 

16-5 

190 

40 

3*0 

56-6 

12-50 

17-50 

100 

600 

62-25 

36-6 
400 
13-8 
10-6 

27-0   h 

w  1 

It  is  evident  from  this  table  that  the  composition  of  alum  stone  vaziei^  o' 
constitution  has  been  represented  by  different  formuln ;  -Cordier  reprawots  it  ss- 

2Al,3a04  +   KfiO^  +   6A1,0,  +    16H,0. 

Mitacherlich  represents  it  as— 

A1,3S0,   +   KaSO,   +   2A1,0,   +    12H,0. 
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alum  stone  ib  for  the  most  part  amorphous  and  of  a  reddish  colour ;  the 
purer  kind  is  white  and  ciystalline.  It  is  insoluble  in  water.  When  strongly 
nested  it  bdiaTes  like  alum,  but  when  heated  only  to  a  dull  red  heat,  water  dissolTes 
out  from  it  ordinary  alum,  while  alumina  remains  behind — a  result  which  may  be 
nndentood  by  a  glance  at  the  formulae  representing  the  composition  of  alum  stone. 
Hence  the  preparation  of  alum  from  this  mineral  is  very  simple ;  the  alum  stone 
beinff  merely  burnt,  the  calcined  mass  lixiviated  with  water,  and  the  solution  eviqx)- 
rated  to  crystallisation. 

In  bozning  alum  stone  great  care  must  be  taken  that  the  heating  is  neither^  too 
great  nor  too  little.  When  alum  stone  is  insufficiently  burnt  it  is  not  fully  disin- 
tegrated, and  if  heated  too  much  sulphuric  add  is  dnyen  ofE^  leaving  an  insoluble 
baaie  compound.  Hie  burning  operation  is  generally  judged  to  be  complete  when 
vapour  containing  sulphurous  and  sulphuric  oxides  begins  to  be  given  off.  The  opera- 
tion is  cairied  out  either  in  reverberatory  furnaces — as  at  Tolfa—  where  the  alum  stone 
is  spread  upon  the  hearth  of  the  furnace,  or  in  heaps — as  at  Civita  Vecchia — in  which 
ease  it  is  piled  up  in  alternate  lavers  with  fuel,  the  heap  being  set  fire  to  and  the 
combustion  regulated  by  draught  holes. 

After  the  alum  stone  has  been  roasted,  it  is  gradually  mixed  with  water  into  a 
pastes  and  lixiviated  with  hot  water  in  large  pans.  The  solution  when  sufficiently 
dear  is  drawn  off,  evaporated  at  a  temperature  of  about  50^  and  allowed  to  cool  and 
crystallise  in  vats,  upon  the  sides  of  which  alum  deposits ;  the  mother  liquors  yield 
bj  farther  evaporation  cubic  aluuL  The  crystallisation  is  often  carried  out  so  that 
■ome  cubic  alum  is  deposited  with  the  ordinary  octahedral  alum. 

Alnm  prepared  in  the  above  maimer  is  known  as  Bom  an  alu  m. 

Jhtmfrcm  Aktm  SlaU  omd  Jium  Earth, — These  alum  ores  consist  chiefly  of  day 
slates  permeated  throu^out  with  flndy  divided  iron  pyrites  as  well  as  bitumen  and 
earbonaceoos  substance.  Some  kinds  of  earthy  brown  coal  are  also  regarded  as  alum 
ores.  When  materials  of  this  kind  are  exposed  for  some  time  to  the  action  of  the  at- 
mosphere, a  process  of  oxidation  takes  place  by  which  the  iron  pyrites  FeS,  is  con- 
verted into  lorrous  sulphate,  bssic  ferric  oxide  and  free  sulphuric  acid.  The  dower 
the  oxidation  the  smaller  is  the  amount  of  ferrous  sulphate  and  the  greater  the  amount 
of  basic  ferric  sulphate  and  free  sulphuric  add.  The  free  sulphuric  add  formed  in 
tins  process  acts  upon  the  clay,  forming  alununum  sulphate  and  free  silica.  Upon 
Hziviating  alum  euth  that  has  been  thus  altered,  alum  may  be  precipitated  out  from 
the  solution  by  adding  to  it  potassium  sulphate,  and  on  evaporation  of  the  filtrate 
cratals  of  ferrous  sulphate  are  obtained.  According  to  the  amount  of  aluminum 
sulphate  or  of  ferrous  sulphate  in  the  oxidised  earth  depends  its  value  for  preparing 
alnm  or  green  vitriol  The  following  table  gives  the  results  of  analyses  of  several 
diflerent  kinds  of  alum  slates  and  earths. 


I„„^ 

Alum  Slats 

Alum  Earth 

1 
Ooalar 

Whitt^ 

Osmsdorfl 

Bornitiidt 

Analyst 

Frick 

Riduurdflon 

Erdmann 
50-13 

H.MUUflr 

flUksa 

6003 

52-25 

33-34 

1402 

Aluminm.     ..... 

14-91 

18-76 

10-73 

18-78 

9-66 

Gnpne  oxide     .... 

0-28 

— 

— 

— 

Fetric  oadde       .... 

8*94 

2-27 

— 

— 

Feoons  oadde    .... 

— 

8-49 

— 

2-58 

6-22 

lime 

208 

1-26 

0-40 

116 

0-74 

¥sgnesia 

4-22 

0-91 

100 

108 

1-02 

FdCash 

3-87 

0-13 

— 

1-78 

114 

Soda 

_ 

0-20 

— 

0-19 

Iron  pyrites       .... 

— 

4*20 

7-63 

2-76 

19-27 

Gbzbon      .        .        .        .        ) 

[  4  97 

22*88 

Kitiogen   .... 

6-67 

• 

"^^■^ 

34-63 

43-64 

Water       .        .        .        .        / 

12-68 

2-21 

/ 

Sulphuric  acid  .... 

1-37 

— 

0-27 

0-67 

Sulphur 

— 

— 

2-66 

1-87 

Chknine 

traces 

^~~ 

traces 

0-10 

Alnm  slate  is  often  found  near  coal  seams  as  at  Whitby,  at  Hurlet,  and  Campsie 
ii  Scotland,  at  Saarbrucken,  aliK)  in  Saxony,  Bohemia,  Sweden  and  Norway,  n«AX 
Binddorf,  and  in  the  neighl)oiirhood  of  Liege, 
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Alum  earth  contains  more  carbonaceous  material  than  alum  slate,  and  it  ia  gener- 
ally  associated  with  brown  coal  seams  as  in  Brandenburg,  and  especiallj  in  the  lower 
Odor  district  near  Freienwalde,  Gleissen,  Schermeissel,  etc,  and  in  the  neighbourhood 
of  Mu^u  and  the  yallej  of  the  Mulde,  where  the  alum  works  at  Schwermsal,  near 
Ddben,  are  more  than  three  centuries  old. 

The  ^um  earth  of  Bomstadt,  in  the  Mansfeld  district,  lies  under  the  brown  coaL 
Besides  these  sources,  alum  earth  is  found  at  Bonn,  Neuwied,  and  in  seyeral  parts 
of  France  and  Austria. 

Roasting  of  Alum  Ores. — Various  methods  are  adopted  in  roasting  alum  ore.  Some 
kinds  are  sufficiently  oxidised  when  exposed  for  some  time  to  the  action  of  the  atmo- 
Bphere ;  more  frequently,  however,  the  application  of  heat  is  requisite  in  order  for 
complete  oxidation.  At  Bomstadt  both  methods  are  combined ;  the  alum  earth  is  piled 
up  upon  large  well- ventilated  clay  stages,  in  layers  6  or  7  feet  in  depth,  and  left  for 
three  years,  a  process  of  lixiviation  being  carried  out  each  year,  Uie  specific  grayity  of 
the  liquor  alter  the  first  year  being  1*126,  the  second  year  1*001  to  1*108,  and  tke  third 
year  1*067  to  1*075.  At  the  end  of  the  third  year  the  mass  is  piled  up  in  heaps,  which 
in  a  short  time  take  fire  spontaneously,  and  the  ore  is  thus  roastaa  by  the  oombuB- 
tiou  of  its  carbonaceous  material,  or  if  it  does  not  contain  a  sufficient  amount,  some 
small  coal  or  brushwood  is  added.  The  combustion  is  prevented  from  becoming  so 
active  at  any  part  of  the  heap  as  to  cause  the  formation  of  too  much  sulphurous  acid, 
by  covering  the  heap  with  earth  or  lixiviated  ore. 

As  a  rule,  alum  slate  contains  too  little  combustible  material  for  burning  it^  and 
therefore  in  most  places  it  is  heaped  up  with  alternate  layers  of  fuel.  The  roasting 
heaps  are  made  by  covering  a  layer  of  brushwood,  110  feet  long  and  from  6  to  10 
feet  wide,  with  a  layer  of  %  fe^  of  alum  slate.  The  brushwood  is  set  fire  to  in  the 
middle  of  the  heap,  and  the  combustion  is  promoted  by  small  opening  When 
the  combustion  has  extended  sufficiently  throughout  the  mass,  a  firei^  quantity  of 
brushwood  is  laid  on,  and  upon  it  a  layer  of  alum  slate  of  the  same  proportions  as 
before ;  these  successive  operations  being  continued  until  eight  or  ten  layers  of  alum  date 
have  been  piled  up ;  the  last  layer  of  alum  slate  requires  to  be  very  compact  so  as  to 
keep  out  rain  from  the  heap.  The  combustion  must  be  conducted  so  slowly  that 
some  months  elapse  before  it  is  complete. 

According  to  Mohr's  method,  the  roasting  is  carried  out  in  shaft  furnaces,  and  the 
ore  is  drawn  out  below,  while  firesh  supplies  are  thrown  in  above,  so  that  the  process 
is  continuous. 

Laminne*s  method  consists  in  passing  through  the  roasting  heap  sulphurous  (ndde 
mixed  with  air  and  steam,  the  sulphurous  oxide  being  a  by-product  of  the  roasting  of 
metallic  sulphides.  By  this  method  the  yield  of  alum  is  said  to  be  greatly  in- 
creased. 

Lixiviation  of  the  Roasted  Shale, — This  operation  is  often  conducted  in  vats  or 
tanks  arranged  at  different  levels  as  in  the  extraction  of  soda  from  soda  ash,  so  that  a 
given  quantity  of  water  is  made  to  act  successively  upon  several  portions  of  material. 
The  liquor  thus  obtained  is  sometimes  concentratea  by  evaporation,  by  running  it 
over  the  surface  of  thorn  faggots  as  in  the  preparation  of  salt.  In  any  case,  dunng 
the  lixiviation  a  continual  oxidation  of  the  ferrous  sulphate  present  in  solution  takes 
place,  and  insoluble  ferric  sulphate  is  deposited,  The  liquor,  after  having  been  left  to 
settle,  then  contains  chiefly  aluminum  sulphate,  ferrous  sulphate,  together  with  alka- 
line sulphates  and  chlorides  and  free  sulphuric  acid.  The  concentration  of  the  liquor 
\»  generally  carried  to  such  a  degree  that  it  has  a  density  of  from  1*09  to  1*15,  bujt  not 
more,  since  the  muddy  deposit  would  in  that  case  retain  some  aluminum  sulphate^ 

Boiling  of  the  Liquor. — This  is  conducted  differently  according  to  the  relative  pro- 
portions of  aluminum  sulphate  and  ferrous  sulphate.  When  the  former  preponderates, 
and  the  liquor  contains  but  little  ferrous  sulphate,  it  is  boiled  down  until  it  has  a  specific 
gravity  of  1*367  to  1*41,  and  then  by  adding  potassium  chloride  or  potassium  sulphate 
alum  is  precipitated  from  it.  Sometimes  the  solution  from  which  the  alum  has  been 
separated  is  evaporated  to  obtain  ferrous  sulphate.  When  this  is  to  be  done 
the  precipitation  of  alum  must  bo  effected  by  potassium  sulphate,  so  as  to  avoid  the 
conversion  of  the  iron  salt  into  chloride. 

When  the  liquor  contains  much  fei'roiis  sulphate  and  but  little  aluminum  sulphate, 
h  is  either  evaporated  until  it  has  a  specific  gravity  of  1'262  to  1*383  and  then  cooled, 
in  order  that  the  ferrous  sulphate  may  crystallise  out,  or  it  is  evaporated  with  constant 
addition  of  mother  liquor  from  previous  operations  until  it  has  a  specific  gravity  of 
1*357  to  1-383  and  ferrous  sulphate  begins  to  be  deposited  in  the  boiling  pans.  In  case 
the  shale  operated  upon  contains  a  sensible  amount  of  potassium  salts,  the  liquor  is  in 
the  first  instance  evaporated  just  so  far  that  alum  crystallises  out,  and  when  this  has 
been  separated  the  boiling  down  is  continued  until  greater  pait  of  the  ferrous  sulphate 
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has  boon  depoented  nnd  the  mother  liquor  can  be  treated  with  potassium  sulphate  for 
the  jrarpose  of  precipitating  alum. 

The  evaporatins  pans  are  either  stone  cisterns  or  leaden  pans,  and  in  some  places 
the  lii^uor  is  heated  by  passing  flame  and  hot  gas  from  a  furnace  over  the  surface, 
while  m  their  places  the  pans  are  open  and  heated  from  below. 

Precipitation  of  Alum, — ^Tbe  solution  containing  aluminum  sulphate  when  suiE- 
ciently  concentrated  is  first  run  into  settling  vats,  and  then  into  coolers,  where  it  is 
mixed  with  a  hot  concentrated  solution  of  potassium  salt,  the  whole  being  well  stirred 
meanwhile,  00  as  to  make  the  alum  separate  in  a  pulverulent  form.  It  is  requisite  to 
avoid  the  formation  of  large  crystals,  because  they  would  retain  mother  liquor,  and  be 
OD  that  account  less  pure  than  the  finely  divided  precipitate.  The  use  of  potassium 
chloride  for  predpitating  the  alum  of  course  presupposes  that  the  liquor  contains 
other  sulphates  besides  aluminum  sulphate,  and  an  amount  sufficient  to  convert  it  into 
sulphate,  for  the  formation  of  alum.  The  proportion  of  potassium  salt  to  be  used 
must  be  ascertained  by  special  trials  with  small  quantities  of  the  liquor  or  by  analysis 
and  calculation. 

The  slum  flour  thus  obtained  is  collected  upon  large  wooden  strainers,  and 
washed  by  stirring  it  with  water  saturated  with  alum,  so  as  to  remove  from  the  alum 
floor  adhering  ferrous  sulphate.  Centrifugal  machines  are  also  used  for  the  purpose  of 
washing  the  alum  flour. 

In  order  to  obtain  alum  in  the  form  of  crystals,  the  flour  is  dissolved  in  hot  water 
nntil  the  solution  has  a  specific  gravity  of  1-498  to  1*630,  and  then  it  is  run  into  tub- 
shaped  wooden  crystallising  vats,  where  upon  cooling  it  becomes  almost  entirely  solid. 
When  the  crystallisation  is  complete  the  mother  liquor  is  drawn  off  and  the  solid 
Uoeks  of  alum  are  taken  out  by  removing  the  sides  of  the  crystallising  vats. 

Jtmmmm — ^Alum  is  used  in  dyeing  and  calico  printing,  as  a  mordant  for  fixing 
OQloiixB,also  in  the  preparation  of  1  a  k  e  s  or  compounds  of  alumina  with  pigments,  whi(£ 
are  obtained  by  mixing  extracts  of  dye  stuffs  with  solution  of  alum  and  then  precipi- 
tadng  the  alumina.  Alum  is  useful  as  a  disinfectant,  and  when  added  in  veiy  small 
proportion  to  muddy  water,  it  promotes  the  deposition  of  suspended  material.  It  is 
wed  together  with  gelatin  or  resin  soap  for  sizing  paper.  Alum  combines  with 
gelatin,  and  is  therefore  used  in  tanning  leather.  When  added  to  melted  lard  or 
other  kinds  of  animal  fat,  it  promotes  the  separation  of  cellular  substances  and  clears 
the  fat :  it  is  used  in  medicine  as  an  astringent  and  caustic.  Alum  is  also  used  for 
hardening  gypsum  casts  and  for  colouring  articles  made  of  gold  alloys. 


FoRMtii.A  AINH42SO,  +   12H,0.    MoLKCULAB  Wbight  463  6. 

This  salt  is  now  largely  employed  in  place  of  potassium  alum  ;  it  has  exactly  the 
appearance,  the  crystalline  form  is  the  same,  and  it  has  nearly  the  same  solu- 
bility in  water.  When  the  solution  is  heated  with  caustic  soda  or  lime,  ammonia  is 
£ieDgBged.  At  a  red  heat  the  salt  is  decomposed,  giving  off  water,  ammonium  sul- 
phate, and  sulphuric  acid,  while  alumina  remains.  Poggiale  gives  the  following 
^paatities  as  representing  the  solubility  of  the  salt  at  different  temperatures : — 

6-22  parts  V  0® 

916 


100  parts  of  water  dissolve  s 


13-66 
19-29 
36-51 
71-97 
187-82 
^421-90 


>> 
»> 


10 
20 

at  a  temperature  of  ,^ 

70 

90 

100 


Ammonia  alum  is  prepirod  in  the  same  manner  as  potassium  alum,  a  concentnited 
— Hien  of  ammonium  sulphate  being  substituted  for  the  solution  of  jpotassium  sul- 
phite in  precipitating  the  alum  fiour  from  the  liquor  containing  aluminum  sulphate. 

80SXVM  A&VM. 

Formula  AlKa,2t>0^  +    12H2O.     Molectilar  Wkioht  458'6. 

This  salt  is  much  more  soluble  in  water  than  potassium  alum,  ami  when  its  solu- 
tionii  boiled  or  heated  for  some  length  of  time  to  a  temperature  above  60^,  it  becomeff 
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iiiiciTStalliitable.    It  effloresces  readily  when  exposed  to  the  air.    On  aceoontof  ilf 
greater  solubility  it  is  more  difficult  to  obtain  it  free  from  iron  than 
and  for  this  reason  it  is  seldom  ased. 


FoRHULA  Aiya^O,.    MoLBcruLR  WmoHT  144*5. 

This  substance  has  a  oompositioD  analo^us  to  that  of  aluminum  trihydnti^  kv* 
drogen  being  replaced  by  sodium,  as  shown  in  the  above  formula.  Itis  fredy  loiw 
in  water,  and  is  for  many  purposes  a  useful  substitute  for  ordinary  alum. 

A  solution  of  sodium  aluminate,  when  mixed  with  a  solution  of  aluminum  cUfA 
gives  a  precipitate  consisting  of  aluminum  hydrate,  according  to  the  fi)Qoffn| 
equation : 

2AlNa,0,    +    A1,C1«    +    6H,0  »  4A1H,0,    +    6NaCL 

Sodium  aluminate  is  prepared  by  heating  to  redness  a  mixture  of  the  alimiBOM 
mineral  called  bauxite  and  soda  ash,  until  the  sodium  carbonate  has  been  daeon^iMi 
and  a  portion  mixed  with  acid  no  longer  efieiresces.  The  mass  is  then  lixivatii 
with  water,  the  silica  remaining  undissolved  separated  by  filtration,  and  the  cbK 
liquid  evaporated  to  dryness.  This  substance  may  also  be  prepared  from  czyolitiliy 
the  methods  already  described  at  page  270,  and  it  is  produciod  m  the  manufiotaii* 
soda  according  to  B&lard's  method  from  sodium  sulphate,  bauxite,  andcarboD(p.Sn^ 

Sodium  aluminate  is  used  for  many  of  the  purposes  to  which  alum  is  appus^i  ■ 
dyeing  and  calico  printing,  for  the  preparation  of  lakes,  for  hardening  stone,  aodindi 
saponification  of  fat  in  candle  Victories  ;  in  this  case  an  insoluble  iduminoos  ioip  > 
pit)duced  which  is  decomposed  with  acetic  acid,  yielding  soluble  aluminum  aeii^ 
and  fiitty  aoid ;  it  is  also  used  in  making  an  opalescent  glaiu  or  kind  of  semi-pombifc 


Among  the  materials  employed  in  the  manu&cture  of  utensils  for  eulinaiy  mdiift* 
domestic  uses,  there  are  two  which,  from  a  chemical  point  of  view,  present  0*^ 
similarity,  vis.  clav  and  glass,  inasmuch  as  they  are  both  compounds  of  silica,  imj 
with  earthy  or  alkaline  bases.  The  principles  involved  in  the  manufoetom  cf  ^ 
and  the  various  kinds  of  pottery  ware  are,  likewise,  so  similar,  that  it  is  ooBVWiiA 
to  treat  of  these  two  branches  of  industry  together. 

GLASS. 

History- — ^The  discovery  of  glass  is  described  by  Pliny  as  having  been  the  iMdt 
uf  an  accidental  observation  of  certain  Fhcenician  merchants,  while  heating  a  euUfii 
supported  upon  soda  blocks  on  the  sea-shore.  According  to  this  tradition,  the  nittrf 
soda  formed  glass  with  the  sand  beneath;  but  the  story  has  little  probahilityiiA 
moreover,  modem  research  has  clearly  proved  that  the  manufacture  of  glass  wasBtfii 
at  a  period  much  earlier  than  that  referred  to  by  Pliny.  Most  probaUy  gJiMVM 
first  made  by  the  E^^mtians,  for  some  of  their  oldest  works  of  art  are  ^mjwtit 
of  glass,  or  ornamented  with  enamel.  At  a  later  epoch  the  trade  in  f^ass  was  sIbb^ 
entirely  in  the  hands  of  the  Phcenicians,  and  this  may  have  given  nse  to  the  thatt^ 
mentioned  myth. 

In  early  times  the  glass  works  at  Thebes,  Sidon,  and  Alexandria  wen  very  ed^ 
brated.  The  first  among  the  (Greeks  who  makes  mention  of  glass  is  AristophsMiiii 
the  fifth  century  before  Christ  It  appears  to  have  been  introduced  into  Itah  ibltf 
the  time  of  Cicero ;  and  during  the  reign  of  Tiberius  a  company  of  glasiMloji^ 
established  themselves  in  Rome,  where  glass  was  soon  afterwards  very  eilflMifiilr 
in  use.  Fragments  of  glass  have  been  found  at  Herculaneum  that  are  Teiy  maBtf 
to  modem  window  glass.  The  first  mention  of  window  glass  proper  is  foud  ivj^ 
works  of  Lactantius,  written  at  the  end  of  the  third  century.  During  the 
ages,  Venice  became  famous  for  ito  ^lass  manufacture,  and  this  brai^  of  ii 
exists  there  at  the  present  day  in  the  island  of  Moreno.  From  Venice,  the  M 
glass-making  found  ite  way  into  Bohemia,  France,  Br.gland,  Sweden,  and  othvi 
tries.  The  exact  date  of  the  introduction  of  plass  into  Germany  is  not  knowa,  W 
is  probable  that  glass  was  made  there  earlier  than  .in  the  neighbouring  ooir 
although  it  did  not  attain  great  dimensions,  owing  to  ite  having  been  oankd 
small  forest  smelting  houses,  where  the  materials  were  cheap. 

Coloured  glass,  the  production  of  which  admite  of  tne  use  of  less  pore 
rials  than  colourless  glas,  was  known  at  a  much  earlier  period.    Acocndizig  to  T 
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SIS 


the  »H  o(  making  utiScial  Bmaialda  web  ducoTsred  by  Democritns  of  Abdem ;  aUter 
■itiflcul  pneiom  atones  vers,  bowsTer,  knoini  before  the  time  of  Democritiu.  Th* 
nuDn&ctim  of  coloured  glow  attained  a  high  degree  of  perfectian  in  Rome,  and  still 
mon  ao  in  Venice,  Thenee  the  art  spread  to  other  coumriea.  In  ancient  times  the 
art  of  ^laaa  painting  conmsted  in  connectiiig  together  pieces  of  differently  colonred 
glMB  inUi  strips  of  lead.  At  the  present  daythp  art  is  so  perfucbed  that  it  is  possible 
to  Kive  diffioent  eoloois  to  tbe  aune  plate  of  glane. 

Oamp««ltion> — Qlaas  generall;  consiiitaof  a  mixtareof  two  or  more  ailicatas 
that  hare  been  nnitod  by  fdaiun  into  a  honif^eneauii,  hard  and  brittle  ma^a.  Th« 
ailieat«  irhich  eonititnte  ordinary  glasa  are  cbieflj  thoHe  of  potassium,  sodinm,  cal- 
dam,  and  lead;  iron,  sine,  mangaaese,  bnrium,  and  alumJDum  silicates  are  also  &e- 
qosntlj  pnssnt  in  small  proportions,  and  soma  kiade  of  g1a«  also  contain  bont«a. 

""       "     '  g  table  gives  the  eomposition  of  different  kloda  of  glass  : — 


SIO. 

^.0 

Ka,0 

LWj 

Pb,, 

Um]  A1.0 

FcU 

imdjit 

fiflOO 

„ 

ii-m 

12-S( 

_ 

7-40 

_ 

French    . 

IhIK 

ll-4( 

ii'id 

FUl« 

76fl( 

17'W 

HHi 

■im 

Pajen 

Aii-la-Chapeltc 

78-7; 

i;iin 

ft-M 

i-ji> 

Battle 

.    BobemiBa 

iS'HI 

I'Sf 

9-iH 

IH-H( 

^in 

Nllll 

Uanmene 

/1-71 

I'A-h 

•i'HI 

i-ii 

4I'«I 

<i'.1il 

Berthiec 

7«-m 

\iim 

SfK 

I'OII 

PflligOt 

Hata 

(l-U 

fl-nr 

Bottls 

.     SAvrea     .         . 

i.i-fifi 

hAh 

/fr'/K 

rt'fli 

.V74 

Dumas 

8t  Etienoe      . 

!(M)l 

a-H 

^iiac 

!■■/( 

N'on 

<■(»! 

Berthier 

Optical 

,    German  .        . 

12-M( 

nu 

■j-.iii 

^■m 

mimaa 

ftjrtal 

.»-0( 

wai 

2(il 

■ia'fit 

Paycn 

English  .        , 

H(l( 

2)i-ii: 

inn 

B«rthiec 

-,^■9( 

IH-71 

iH-aii 

Faiadaj 

Optical 

Quinand's 

*2-60 

1170 

~ 

UOU 

la-bu 

i-uo 

ISO 

- 

as  aa  ocdiooril;  met  with  is  a  homogeneous  mass  possessing  the 
paeoliar  teztole  eboracteristic  of  the  alkaline  silicates  ajlxr  the;  hare  been  melted ;  it 
DM  alao  a  peculiar  Imtre,  and  is  usaall;  transparent  as  veil  as  cDlouilese,  ualess  it 
footainB  a  Ituge  amoant  of  metallic  oxides  vhiu> communicate  to  it  colour  and  opacity. 
At  ardinaiT  temperatures  it  is  bard  and  brittle ;  the  fracture  is  conchoidal ;  in  thio 
riwsta  or  threads  glass  bos  some  degree  of  fleiibilitj  ;  when  heated  to  a  snfficieatlT 
high  tcmperstare  it  beeomea  plastic  and  ductile.  Tbecharacters  of  glass  racy  nccord- 
ing  to  the  particular  nature  as  veil  as  the  relative  propoitiona  of  the  ailicales  it  cod- 
tarna.  The  greatar  the  amount  of  silica  in  gloss,  the  lees  fniible  it  ie ;  the  greatsr 
the  smonnt  <?  alkali,  the  more  fusible  iff  the  glass.    The  preMUM  of  a  oonsideiable 

imcnot  of  calcium  rilicate  renders  glasa  leas  rradily  fusible. 

Tba  specific  gravity  of  difitoat  kinde  of  glass  differs  slightly,  aa  sbovn   in  th* 

Mowing  table  bj  Dumas ; 

Bobemion  glasa 2'39S 

Orom  glass 2-487 

Urror  glass 2-4S8  to  2-50S 

Window  glaas 2'642 

Bottle  gluH 2-732 

CiTital  or  flint  glass 2-900  to  3 '2M 

Optical  flintglass                         .'      .                         .  S-gOO  to  SflOO 

When  hot  glass  is  rapidly  cooled  it  becomes  Tety  brittle  ;  this  is  especially  the 
MM  when  the  pieces  are  thick,  as  the  cooling  then  takes  place  very  nneqaally,  tba 
Msrparta  coding  much  more  quickly  than  the  interior.  Olasa  in  this  condition  is 
M£ly  offteted  b;^  change  of  weather,  sligbt  vibrations,  etc.,  and  is  more  apt  to  crack 
lbs  nan  rapidly  it  has  been  Footed,  When  a  drop  of  red-hot  glass  is  allowed  to  &U 
Mneald  water,  the  sur&ce  coola  very  quickly,  and  becomes  hard  while  the  innar  por- 
li<n  is  itill  very  hot,  and  consetjuanlly  expanded.  When  the  interior  also  cools,  it 
fOM  ecotnct  owing  U>  the  solidity  of  the  oa(«r  surface.  Qlass  drops  tbns  prepared 
»■  known  aa  Snpert's drops  or  devil's  tears;  tbey  terminate  in  a  fine  thread. 
ttOB  breaking  which  the  entire  drop  explodes,  and  is  coDvetted  into  a  flue  powder. 
Wlm  llie  experiment  is  condTicted  in  a  glass  veesel  filled  with  water,  and  having  a 
MBDW  month,  the  force  of  the  explosion  of  the  glass  drop  is  sufficient  to  break  th# 
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glass  vcsi^el.  This  pulvcrisatiou  is  duo  tx>  tho  unnatural  and  constraiDed  amngaiuBt 
of  the  glass  particles,  consequent  upon  the  rapid  cooling,  and  only  a  slight  vibatkn 
is  sufficient  to  elFcct  their  mutual  repulsion.  The  so-called  Bolognese  flaski  ban 
a  similar  construction.  Those  are  small  flasks  vith  very  thick  sides  that  han  ben 
Tcry  rapidly  cooled  in  the  air ;  a  grain  of  sand  allowed  to  fall  into  one  of  these  flub 
is  suflBcient  to  cause  it  to  cnick  with  a  slight  report. 

In  order  to  render  ghiss  proof  against  rapid  change  of  temperature,  such  ai  tiku 
place  when  hot  water  is  poured  into  a  glass  yessel,  as  well  as  the  external  inflneoeeB, 
it  must  undergo  a  process  of  ver^'  slow  cooling,  which  is  called  annealing. 

A  remarkable  change  in  glass,  through  which  it  becomes  dull,  opaque,  and  pone* 
lainlike,  is  termed  devitrification.  It  takes  place  when  glass  is  kept  for  s  kng 
time  at  a  temperature  near  to  its  melting  point,  or  when  it  is  very  slowly  coolfld; 
also  on  heating  glass  in  the  flame  of  a  blowpipe,  which  is  not  sufficientfj  hot  to 
melt  the  glass.  This  devitrification  is  probably  due  to  the  more  fusible  ilbliDe 
silicates  melting  at  a  temperature  insufficient  to  fuse  the  more  refractory  silioitttt 
which  are  consequently  separatiKl  in  a  crystalline  condition.  The  old  theory  thstd»> 
vitrification  is  due  to  the  volatilisation  of  alkali  has  been  refuted  by  the  resnlti  oft 
number  of  researches. 

A  very  curious  phenomenon  is  that  of  the  coloration  by  sunlight  of  eotUB 
kinds  of  glass ;  they  acquire  first  a  yellowish  colour,  which  gradually  changes  to  Tiokl 
This  coloration  is  probably  duo  to  the  presence  in  the  glass  of  ferrous  and  maogaDoes 
oxides,  the  flrst  reaction  consisting  in  the  higher  oxidation  of  the  ferrous  oxide,  tio* 
dncing  a  yellow  colour  in  the  glass ;  the  protracted  action  of  light  and  air  uim 
oxidises  tho  manganous  oxide,  the  delicate  violet  colour  of  which  blends  with  thi 
yellow  of  the  iron  oxide,  colouring  the  glass  red ;  when  still  more  manganese  ii  pi*' 
sent,  the  glass  assumes  a  violet  colour. 

Kydrofiuoric  acid  attacks  all  kinds  of  glass,  decomposing  the  silicates  of  vhidt 
it  consists,  and  forming  silicon  fluoride,  water,  and  fluorides  of  the  metals  contained  ii 
the  glass.  This  property  of  hydrofluoric  acid  is  taken  advantage  of  indnstrially  fiv 
glass  engraving. 

The  resistance  of  glass  to  atmospheric  and  other  influences  decreases  as  the  sBMUft 
of  alkali  increases;  glass  containing  a  large  amount  of  alkali  readily  lom'it 
lustro  and  l>ecomes  cloudy ;  and  it  is  more  easily  acted  upon  both  by  hot  and  cold 
water  than  glass  which  is  rich  in  silica. 

Atmospheric  moisture  is  especially  injurious  to  glass,  the  oflfect  being  in  propo^ 
tion  to  the  greater  amount  of  bases  in  the  glass.  This  is  often  seen  in  window  puMi 
made  of  bad  glass,  which  after  a  short  time  become  dull,  the  effect  being  dnetothi 
separation  of  a  very  thin  film  of  silica  upon  the  surface  of  the  glass,  by  theniit 
taneous  action  of  atmospheric  moisture  and  carbonic  acid  upon  the  silicate  of  wfaick 
the  glass  consists,  and  it  occurs  with  grcAtor  rapidity  in  proportion  to  the  degree  of 
moisture  and  heat  to  which  the  window  is  exposed ;  hence  the  windows  of  stabMaod 
hot-houses  very  quickly  become  dull.  Tho  action  of  water  upon  glass  is  xnanifeitad 
in  an  especially  unpleasant  manner  in  optical  glasses  containing  a  large  amoutttf 
alkali.  When  glass  of  this  kind,  owing  to  it^s  slightly  hygroscopic  nature,  beoooMi 
coated  with  moisture,  the  water  gradually  docomposes  the  glass,  rondering  it  diUt 
and,  in  course  of  time,  useless. 

Tho  behaviour  of  glass  towards  boiling  water,  different  acids  and  saline  solntkaik 
has  been  investigated  by  Emmcrling.  He  found  that  the  action  of  boiling  soliitiooi 
and  l)oiling  water  upon  glass  is,  within  certain  limits,  proportional  to  the  tima  ^^ 
now  vessels  it  is  somewhat  greater  at  first  (during  the  first  hour)  and  diminishes  vitk 
longer  use.  The  action  is  also  proportional  to  the  amount  of  glass  snr&ce  expoiedt» 
the  boiling  liquid. 

Tho  action  of  boiling  liquids  upon  glass  during  a  given  time  is  independent  of  tke 
amount  of  liquid  evaporated.  The  action  decreases  with  the  decrease  of  tempentnxe 
of  the  liquid.     Glass  is  attacke<l  by  even  small  quantities  of  alkalies. 

The  action  of  most  acids,  especially  in  a  dilute  state,  upon  gloss,  is  even  leathtf 
that  of  water,  but  sulphuric  acid  is  an  exception  to  this  rule,  as  it  attacks  glan  DOi* 
powerfully  than  water.  Glass  is  acted  upon,  more  powerfully  than  by  water,  by  ■ib* 
tions  of  salts  whose  acids  form  insoluble  calcium  salts,  such  as  sulphates,  phoephstait 
carbonates,  and  oxalates,  the  action  increa«!ing  with  tho  concentration  of  A» 
solutions.  On  the  other  hand,  solutions  of  salts  whoso  acids  form  soluble  eefciiB 
salts,  such  as  chlorides,  or  nitrates,  etc,  attack  glass  less  strongly  than  water,  dv 
action  decreasing  with  tho  concentration  of  tho  solutions. 

Varieties  of  glass  differing  only  slightly  in  their  percentage  compositioii  ban 
nearly  an  equal  power  of  resistance.  The  Bohemian  glass  (potash  glass)  resists  zesgsBbk 
especially  acids,  better  than  soda  glass.  Tho  constituents  of  glass  diamlfv  m  abut 
the  same  ratio  as  they  are  contained  in  the  glass. 
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The  following  table  shows  the  quantity  per  hour  of  glass  dissolyed  from  flasks 
hariog  a  capacity  of  600-700  c.c.  by  400  c.c  of  different  solutions  of  salts,  being  the 
average  of  from  1  to  30  hours  boiling.  The  glass  taken  for  the  experiment  was  from 
glass  works  near  Great  Rhoden  in  Hanover,  and  had  the  following  percentage  com* 
position : — 

Silica 73-79 

Alumina 0*58 

Zinc  oxide    . 0*68 

Manganous  oxide 0*32 

Lime 8*61 

Kagnesis 0*12 

Soda 13-94 

Potash 0-60 


Solrent 

Percent. 

Qosutity  of  glass  dissolved  per  hoar 

Water  .... 

0*0021-00022  gram 

Dilute  hydrochlorio  acid 

11 

.      000044-0-00029     „ 

Aqueous  ammonia . 

9 

00029-0-0083     » 

Sulphuric  add 

2-6       . 

00038     „ 

M                »l                      •               ' 

6 

0*0044    „ 

»»               l> 

.      2*6       . 

0-0036     „ 

Sodium  carbonate   . 

1 

00329-0*0355    „ 

»i             )« 

.   0*26 

00171-00189    „ 

Caustic  potash 

.   0-25 

00116    „ 

Potassium  chloride  . 

10 

00014-0-0017    „ 

Sodium  sulphate 

2 

00060    H 

• — Glass  is  made  by  melting  together  various  materials  containing 
■ilica  and  the  requisite  basic  oxides  so  as  to  form  silicates,  and  while  the  mass  is  in 
a  melted  state  it  is  worked  into  the  different  shapes  requisite  for  the  purposes  to 
which  it  is  to  be  applied.    The  materials  used  in  making  glass  are  the  following : 

SUieeous  Maierialg. — The  most  conTenient  material  to  use  as  a  sourco  of  silica  ibr 

5 lass  manufactare  is  sand,  owing  to  the  fine  state  of  division  in  which  it  occurs. 
D  the  manufacture  of  ordinary  glass  any  convenient  river  or  sea  sand  may  be  used ; 
hut  in  the  preparation  of  white  glass  only  the  purest  sand  can  be  used,  such  as  is  ibund 
in  the  Isle  of  Wight,  near  Lemgo  in  Germany,  and  at  Fontainebleau  in  France.  Such 
Mad  is,  however,  previous  to  use,  f^eed  from  mechanical  admixtures  of  clay,  etc,  by 
wmshing. 

Both  quarts  and  flint  occur  abundantly  in  certain  districts  in  a  sufficiently 
pare  state  for  making  glass ;  before  being  used,  they  require  to  be  rednced  to  a  fine 
state  of  division,  an  operation  which  is  very  tedious,  owing  to  their  hardness.  It  is 
effected  by  heating  the  materials  to  redness,  and  then  cooling  them  in  water.  This 
gives  rise  to  a  number  of  small  fissures,  and  by  stamping  and  grinding  the  previously 
hard  mass  can  then  easily  be  reduced  to  a  fine  powder. 

Infusorial  earth,  consisting  of  the  siliceous  remains  of  infusoria,  is  on  accountof 
ita  fine  state  of  division  and  groat  purity  very  suitable  for  glass  manufacture. 

Benrath  recommends  the  use  of  granite  as  the  siliceous  material  fbr  making 
gliM.  Experiments  made  by  him  with  granite  from  quarries  in  Finnland,  which 
coDtsined  76  to  78  per  cent  of  silicic  acid,  10  to  12  per  cent,  of  alumina,  and  4  to  6  per 
of  potash,  yielded  very  good  results. 


Basic  Material. — In  the  manufacture  of  ordinary  glass,  crude  potash  is  em- 
bayed as  the  potassium  constituent ;  but  for  the  better  kinds  of  glass,  reftned  potash 
■mst  be  used.    For  the  commonest  sort  of  glass,  wood  ashes  may  be  used. 

Formerly,  the  soda  used  in  the  manufacture  of  glass  was  obtained  by  the  in- 
dnemtion  of  land  and  marine  plants,  and  known  as  kelp  or  varec.  Afterwards 
the  purer  soda  obtained  by  Leblanc's  process  was  employed  ;  it  is  used  in  the  calcined 
state,  and,  according  to  the  quality  of  glass  required,  more  or  less  pure. 

Since  the  beginning  of  the  present  century,  sodium  carl>onato  has  been  almost  en* 
tifely  replaced  by  sodium  sulphate,  or  Glauber's  salt,  used  in  the  calcined  state.  To 
this  IS  aaded  about  6  per  cent,  of  powdered  charcoal,  which  facilitates  the  volatilisa- 
tion of  the  sulphuric  acid,  the  reaction  consisting  in  the  reduction  of  sulphuric  acid  to 
iulphnrous  oxide,  which  escapes  as  gas.  The  formation  of  glass  is  accelerated  by 
this  process.  In  some  places  common  salt  is  employed ;  in  the  manufacture  of  glass, 
but  its  decomposition  is  very  slow  and  difficult.  A  better  material  is  found  in  pan 
•esles,  or  the  scaly  mass  adhering  to  the  cauldrons  in  which  brine  is  evapor^ed. 
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It  eonsisU  eflfeeijtially  of  a  mixture  of  grpBum,  ■odinm  chloride,  and  ndinm  nlphitflL 
The  best  mateiisl  for  supplying  calcinm  is  chalk,  vhich  is  used  in  the  pomid 
condition.  In  the  mannAtcturie  of  common  kinds  of  glnm.  the  selection  of  the  daDc  ii 
nnimportant,  but  for  glass  of  better  quality,  chalk  friee  finom  ferrous  carbonte  mt 
be  nsed.  In  districts  where  chalk  is  scarce,  ordinarr  limestone  is  nied,  dAs 
merely  powdered,  or,  as  in  France,  prerioosly  bnmt  and  then  reduced  toa  iioepofvds 
by  exposure  to  the  air.  The  lime  ashes  from  soap  works,  consisting  of  alan 
hydrate,  calcium  carbonate  and  potassium  carbonate,  or  sodium  eaAonate,  fcnBsnite- 
rial  very  suitable  foi  use  in  the  manufacture  of  glass. 

Calcium  fluoride,  a  by-product  obtained  in  the  pref<aration  of  sods  ftw 
cryolite,  is  from  its  ready  fusibility  very  suitable  for  use  in  glass-making. 

In  French  glass  works,  heavy  spar  is  used  in  the  state  of  powder.  It  isnidlD 
exert  a  very  solvent  action  upon  the  sand,  and  yields  a  very  homogeneous  and  amPj 
fusible  glass,  which  admits  of  being  easily  woriud.  Strontia  has  also  bMi  pn^* 
prised  as  a  constituent  of  glass. 

In  the  preparation  of  crystal  or  flint  glass  and  other  kinds  which  contain  letd  m 
an  essential  constituent,  red  lead  (Fb,0«)  is  used.  It  is  decomposed  upon  BcUr 
ing  into  lea^l  oxide  and  oxygen ;  the  ]il>er:ition  of  oxygen  ensures  the  oxiditiwirf 
any  organic  Bu>«tances  present,  and  thus  prevents  the  reduction  of  thelesdoniilo 
metallic  lead.  Litharge  is  less  frequently  used,  since  metallic  lead  Is  apt  to  bifi^ 
duced. 

Zinc  oxide  is  used  in  Belgian  glass  works.  Wagner  recommends  tha  vk' 
blende,  and  gives  the  following  recipe  for  making  zinc  glass : 

Glauber^s  snit 213     parts 

Blende 48*6    „ 

Sand 2051    ., 

Manganese  peroxide  is  used  in  glass-making  to  neutralise  the  gXMO  eoloB 
caused  b^  the  presence  of  iron ;  it  is  therefore  obvious  that  the  mangmnese  PM^ 
must  be  itself  free  from  iron.  Another  purpose  served  by  manganese  peroxim  iitb 
oxidation  of  organic  substance,  thus  preventing  discoloration  of  Uie  glass  by  eaAu. 

Felspar  and  other  easily  fusible  silicates  are  but  seldom  used  in  the  Ml^ 
facture  of  glass,  and  only  for  glass  of  inferior  quality ;  the  same  may  be  said  of  btfiH 
and  blast  furnace  slag,  which  are  sometimes  used  in  making  bottle  ffMtL  b 
many  places  arse  nous  acid  is  used  for  oxidising  oiganic  substance  byitideOBB* 
position  into  free  o^^gen  and  metallic  arsenic  which  escapes  as  vapour. 

The  several  raw  materials  used  in  making  glass  are  now  neany  always  tfBpky*^ 
in  a  fine  state  of  division.  When  necessary  they  are  first  of  all  stamped,  then  pm 
and  passed  through  sieves;  afterwards  they  are  mixed  together  upon  a  smoou  Iht 
with  shovels.  The  mixing  is  completed  in  an  apparatus  introduced  br  Chanoe,  litiA 
consists  of  a  wooden  U)x  with  a  round  bottom,  m  which  a  roller  fiimiAed  with  i(^ 
projections  is  made  to  revolve.  The  mixture  is  introduced  through  a  wooden  boffff 
in  the  lid,  and  the  thoroughly  mixed  powder  is  withdrawn  through  a  trap  at  thsbottoa 
of  the  mixing  box. 

BoTTLB  Glass. — The  materials  used  in  the  manufacture  of  bottle  glass  diifcr  ^ 
much.  For  green,  yellow,  brown  and  other  coloured  varieties,  impure  raw  mitffiv 
may  be  used,  provided  that  the  silica  and  the  basic  oxides  are  taken  in  comet  fif 
portions.  If  bottle  glass  contains  too  much  alkali,  it  may  be  acted  upon  liy  aai 
uquids;  if  it  contains  too  much  silica,  it  is  difficult  to  melt.  To  produce  white  liol^ 
glass  the  materials  must  be  very  carefully  selected.  If  perfectly  colonrlesi  da*  i* 
required,  potash  must  be  used  in  place  of  soda,  because  soda  glass  always  has  albd^ 
gzeen  tinge. 

The  following  table  shows  the  composition  of  mixtures  for  different  kinds  of  bcMli 
glass: 

Green  BottU  Glass, 


TeUow  sand   . 

100 

100 

100 

100 

40 

Fresh  wood  ashes    . 

60-70 

50 

._ . 

35 

_ 

Exhausted  abhus 

.     160-170 



165 

.i_ 

Varecsoda 

30-40 

200 

_ 

85 

■  - 

Common  salt 

— 

-^ 

.— 

6 

Qlauber^s  salt 

— 

— 

8 

- 

.,i_ 

Chalk     .        .        .        . 

— 

10 

__ 

8 

Clay  loam 

80-100 

80-100 

— 

80 

Iron  slag 

— 

— 

— 

50 

Iron  spar 

— 

— 

— 

80 

Cullet  (broken  glabs) 

100 

100 

— 

100 

.— 
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Pale  Coloured  Bottle  Ghss. 

WhUe  Bottle 

Glass 

Sand 

100 

100 

100 

100 

100 

Potash    . 

.     60-60 

30-36       . 

60-60 

41-5 

64 

Lime 

.     10-12 

17 

10-12 

17-6 

15 

Afhes 

110-120 

Manganese 

',           0-6 

0-26-0-5 

0-6 

(?) 

1 

Gullet     . 

.     60-66 

,        — 

100 

YeiT  freqnentlj,  hoireTer,  in  the  mixture  for  white  glass,  and  espedally  for  pale 
eolonred  glaai,  the  potash  is  partly  or  entirely  replaced  by  soda. 

Cbtstat.  OB  Flint  Glass  is  a  potash  and  lead  glass,  that  may  be  considered  as 
A  double  silicate  of  potassium  and  lead.  Pure  lead  silicate  has  a  yellowish  colour, 
which  disappears  when  melted  with  a  sufficient  quantity  of  potassium  silicate.  Bis- 
muth might  be  substituted  for  lead,  if  it  were  not  too  costly.  Recently,  however,  zinc 
has  been  brought  into  use  in  the  place  of  lead. 

Pore  ci3r8tal  glass  is  absolutely  colourless,  and  refracts  light  more  strongly  than 
ordinary  kinds  of  glass.     Its  specific  gravity  is  between  2*900  and  3*266. 

The  materials  used  in  the  manirfacture  of  crystal  glass  must  be  of  the  greatest 
purity.  The  silica  must  be  perfectly  free  from  ferric  oxide  and  manganic  oxide.  It 
is.  therefore,  advisable  in  some  instances  to  wash  the  sand  with  dilute  hydrochloric 
acid  before  using  it,  then  to  remove  the  acid  by  means  of  water,  and  dry  the  sand  at 
a  red  heat.  Sometimes  the  sand  is  cleansed  by  washing  several  times  with  pure 
water,  by  which  means  the  particles  of  clay  are  suspended  and  removed. 

Usually,  the  potash  undergoes  purification  by  treating  the  crude  potash  with  a 
small  quantity  of  water,  so  that  only  the  potassium  carbonate  is  dissolved,  whilst 
the  potassium  sulphate  and  other  impurities  remain  undissolved ;  by  evaporation 
of  the  water  and  calcination,  the  potash  is  again  perfectly  dried. 

The  lead  oxide  of  commerce  is  scarcely  ever  sufficiently  pure,  as  it  contains  cupric 
oxide,  ferric  oxide,  and  manganic  oxide,  which  would  impart  colour  to  glass  prepared 
with  it  Generally,  therefore,  the  lead  oxide  is  prepared  in  the  crystid  glass  factory 
itself  by  heating  pure  lead  in  a  reverberaUny  furnace  at  a  moderate  temperature,  and 
thus  converting  it  into  red  lead  (PbgO^).  The  use  of  red  lead  has  the  great  advan- 
tage that  the  oxygen  liberated  from  it  upon  heating,  oxidises  any  organic  substance 
that  may  be  present  in  the  raw  material  of  the  glass  mixture.  This  is  so  far  essen- 
tial that,  by  the  removal  of  oxygen  from  lead  oxide  by  organic  matter,  it  would  be 
reduced  to  metallic  lead,  and  thus  cause  cloudiness  in  the  glass.  With  the  same 
object,  the  oxidation  is  in  some  manufactories  effected  by  an  addition  of  saltpetre. 

The  composition  of  the  glass  mixtures  used  in  different  crystal  glass  manufactories 
varies  very  much.     In  the  following  table  some  of  them  are  placed  side  by  side : 


Sand 

300 

300 

300 

300 

100 

100 

Bed  lead 

200 

200 

216 

180 

70 

60 

Plotash 

100 

90-96 

110 

120 

30 

20 

Saltpetre 

— 

— 

10 

— 

— 

Borax 

— 

10 

— 

— 

— 

Glass  cullet 

800 

100-200 

— 

300 

— 

To  these  mixturee  is  often  added  0*46  of  manganese  peroxide  or  0*60  of  arsenouf 
add.  Occasionally  borax  also  is  added ;  boracic  acid,  as  before  mentioned,  increas- 
ing the  brilliancy  of  the  glass  considerably. 

WnrDOW  AKD  Sheet  Glass. — Window  glass,  in  respect  to  its  composition,  is  of 
two  kinds,  potash  glass  and  soda  glass.  The  first,  of  which  the  manufactare  was 
fbrmeriy  eeneral,  contains  potash  as  the  basis  of  the  glass  mixture ;  the  latter,  soda. 
In  countnes  where  wood  abounds,  such  as  Bohemia,  a  considerable  quantity  of  potash 
glass  is  still  manufactured ;  but  almost  everywhere  else  soda  glass  is  made. 

Glass  Mixtures  for  the  Manufacture  qf  Bohemian  {Potash)  Glass, 

Powdered  quartz 
Purified  p(^ash  . 
Chalk 
Manganese 
Saltpetre 
Arsenous  acid 

To  these  materials  is  always  added  alxtut  as  much  broken  glass  (cullet)  as  the 
weight  of  powdered  quartz,  <<on)etinie8  more,  iometimes  less. 


100 

110 

120 

100 

60 

64 

60 

64 

20 

24 

26 

16 

— 

2 

2 

1 

2 

— 

2 

— 

0-5 

0*6 

0-6 

m,^. 
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CHam  Mixture* /or  Soda  6tat$, 


Payen 
1 

BMantpont 
60 

IfuBpntt 

Sand 

.     100 

100 

100 

660 

Powdered  quartz 

— 

60 

— 

Chalk       . 

86 

40 

IS 

30 

164 

Soda 

28 

35 

— 

— . 

119 

Sodium  sulphate 

— 

— 

68 

40 

63 

Manganeoe 

0-26 

0-25 

— 

1-6 

— 

Arsenousacid  . 

0-20 

0*20 

.— 

1— 

2 

Charcoal 

... 

4-6 

2-6 

._ 

Bidron  glass 

60 

180 

26 

variable 

448 

It  will  be  seen  from  the  fbregdng  instances  that  the  preparation  of  ^lass  mixtures 
is  exceedingly  variable  both  as  regards  the  ingredients  and  uieirproportioDB.  Accord- 
ing to  the  Report  of  the  International  Exhibition  in  London  in  the  jear  1862,  the 
foUowing  glass  mixtures  are  used  in  different  countries : — 


Bni^and 

Fmnla 

Bohemia 

Franoe 

Riiiria 

Sand  .        .        .        . 

100 

100 

100 

100 

100 

Limestone   . 

38 

—— 

— > 

— . 

Chalk 

— 

37 

30 

36 

— 

Sodium  sulphate 

28 

34 

— 

36 

— 

Potash 

— 

— 

— 

20 

Soda   . 

— 

6 

24 

— . 

^-~ 

Common  salt 

— 

— 

_ 

8 

Powdered  coke 

1-3 

2-26 

— 

1-76 

— 

Arsenous  add 

1 

1 

1 

1*26 

— 

Willow  or  elm  ashes 

— 

— 

— . 

— 

40 

Smalt 

— 

•^ 

— 

... 

01 

Platb  Glass. — In  making  the  thick  sheets  of  glass  used  for  mirrors  and  of  late 
years  also  for  windows  and  various  other  purposes,  the  materials  are  mixed  in  such 
proportions  as  to  form  a  somewhat  more  fdsible  glass  than  that  used  in  making  ordi- 
nary sheet  or  window  glass. 

The  thickness  of  the  plate  glass  necessitates  a  very  colourless  material,  and  for 
this  reason  potash  glass  would  be  preferable,  because  of  its  greater  fireedom  from 
colour.  But  soda  glass  is  used,  since  it  is  more  fusible  and,  therefore,  better  adapted 
for  clearing  and  casting,  great  care  being  taken  in  the  selection  of  the  raw  materials. 
In  making  very  thick  plates,  for  mirrors  especially,  great  care  must  be  exereised  to 
produce  t£e  whitest  glass  possible,  because  any  colour  in  the  glass  becomes  more 
manifest  with  the  increased  thickness  of  the  plate.  Plates  of,  a  medium  sise  are 
made  from  one  sixth  to  one  half  an  inch  in  thicjuiess,  but  very  large  plates  are  made 
thicker  still. 

The  thickness  of  the  larger  plates  especially  increases  the  danger  of  the  oocur- 
rence  of  waves,  knots,  clouds,  etc.  in  the  glass.  These  flaws  only  become  apparent 
when  the  manufacture  is  advanced  comparatively  fiir,  and  considerable  cost  has  been 
incurred ;  all  that  can  be  done  then  is  to  cat  the  better  portions  into  smaller  plates. 
It  is  particularly  fbr  the  avoidance  of  such  flaws  that  soda  glass,  as  an  easily  rasible 
glass,  is  used ;  and  as  the  fusibility  augments  with  the  amount  of  soda,  this  li  carried 
as  far  as  possible,  without  rendering  ^e  glass  hygroscopic,  and  consequently  liaUe 
in  the  course  of  time  to  beeome  dull  on  the  surface. 

Ordinary  soda  is  used  for  the  most  part,  but  in  many  cases  sodium  sulphata 
or  Glauber^s  salt  and  charcoal  are  also  added. 


jpbr  Mirror  Olau, 


Sand        .... 

Soda       .... 

Glaubei^s  salt . 

lime  (pulverised  in  the  air) 

Limestone 

Manganese  peroxide 

Arsenic  .... 

Wood  charcoal 

Broken  glass  . 


I. 
300 
100 

43 

0-5 

300 


n. 

100 
39 
39 


m. 

100 
33 

14 


0-4 
2-5 


100 


Optical  Glass. — This  is  a  finer  kind  of  lead  glass,  which  is  principally  used  for 
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optical  porpoMs.  It  should  therefore  be  as  as  colourless  possible,  and  free  from  waves, 
ctDadiness,  or  air-bubbles.    Its  specific  gravity  is  from  3 '3  to  3*6. 

Flint  glass  in  moderately  huge  pieces,  free  from  flaw,  and  suitable  for  optical 
purposes,  was  for  a  long  time  a  desideratum.  It  was  first  obtained  by  Guinand,  and 
the  manufacture  was  considerably  improved  by  his  successor  Bontemps. 

The  glass  mixture  used  by  Bontemps  gives  a  glass  having  a  specifi  gravity  of 
3*6,  and  has  the  following  compoention  : 


Sand       ...... 

Red  lead  

Potash 

Guinand  added  to  the  foregoing  mixture : 

Borax 

Saltpetre 

Arsenous  acid 
Manganese  peroxide 


300 

300 

90 


6*5 
4 
1 
1 


The  lenses  of  telescopes  and  other  optical  instruments  consist  of  a  combination  of 
two  kinds  of  glass.  Fhnt  glass  is  highly  refractive,  but  as  the  different  rays  are 
variously  refracted,  the  resulting  image  is  coloured  at  the  edges.  For  the  removal  of 
tiiis  dispersion,  crown  glass  is  combined  with  flint  glass  and  an  image  is  thus  obtained 
with  sharp  uncoloured  edges. 

The  manufacture  of  optical  crown  glass  is  conducted  essentially  in  the  same  way 
as  that  of  flint  glass ;  but  on  account  of  the  greater  heat  required,  it  is  still  more 
difficult.    The  mixture  used  by  Bontemps  consijit^  of — 


Sand 
Potash  . 
Soda 
Chalk    . 
Arsenous  acid 


120  parts 

35 

20 

16 

1 


» 


*i 


>> 


it 


CoLOCRXD  Glass. — Glass  is  coloured  for  different  purposes,  as,  for  instance,  the 
preparation  of  artificial  precious  stones,  coloured  sheet  glass,  bottle  glass,  etc.  In 
making  artificial  gems  an  extra  pure  glass,  called  s trass,  is  prepared  with  powdered 
rf)ck  crystal,  and  pure  potassium  carbonate  or  caustic  potash,  and  red  lead  that  is 
perfectly  free  from  copper,  iron,  or  manganese.  Borax  is  also  usually  added  in  the 
preparation  of  strass,  but  it  must  previously  be  purified  by  repeated  recrystallisations. 
The  following  is  a  mixture  f^r  the  produrtion  of  .<ti\iss : 


Rock  crystal 
Red  lead. 
Caustic  potash 
Borax 
Arsenous  acid 


300 

470-460 

163-168 

22-18 

1-0-5 


The  materials  are  finely  powdered,  thoroughly  mixed,  and  melted  in  porcelain, 
or  Hessian  crucibles. 

Amethyst  is  obtained  by  the  addition  of  a  smaH  quantity  of  manganic  oxide, 
oobalt  oxide,  and  purple  of  Cassius. 

Emerald  by  the  addition  of  a  little  cupric  oxide  and  chromic  oxide. 

Ruby  by  the  addition  of  manganic  oxide. 

Topaz  by  the  addition  of  antimony  glass  and  a  very  little  purple  of  Cassius. 

Sapphire  by  the  addition  of  smalt 

These  materials,  as  well  as  the  strass,  are  very  finely  powdered,  thoroughly 
mixed  and  melted  together. 

The  production  of  variously  coloured  sheet  and  bottle  glass  is  carried  out  accord- 
ing to  different  methods.  The  glass  is  either  coloured  throughout  the  entire  mass  when 
it  is  made,  or  in  working  the  glass  by  the  usual  methods  a  thin  layer  of  coloured  glass 
is  extended  over  one  surface  by  an  operation  that  is  called  flashing  and  caseing. 
When  the  glass  is  coloured  throughout,  the  colouring  materials  are  molted  together 
vith  the  glass  in  the  ordinary  manner. 

Red  glass  can  be  prepared  by  adding  cuprous  oxide  to  the  glass  metal ;  generally 
copper  scale  is  used,  a  small  quantity  of  soot  or  iron  filings  being  added  to  reduce  any 
cupric  oxide  present,  the  green  colour  of  which  would  injure  the  red  colour  of  the 
glass.  Cuprous  oxide  glass  is  mostly  used  as  a  coating,  because  it  would  be  too  dark 
and  opaque  in  a  mass.  The  finest  red,  however,  is  obtained  by  the  use  of  a  gold 
solution,  or  the  purple  of  CassiuR;  a  solution  of  gold  in  aqua  regia,  or  gold  chloride 
can  also  1»e  umsd. 
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The  following  miztoie  is  given  bj  Mnspntt  and  StohmAiin : — 

Sand SO 

Red  lead 16 

Hnngarian  potash S 

Saltpetre M 

Of  this  mixtare  2o  {lartN  are  mixed  and  melted  with — 

Borax I'M 

Tin  oxide      ..........      *lt 

Antimony  oxide 'IS 

Gold  solution        ....      suiBcieiit  to  produoe  the  eoloar  n^M, 

Yellow  glass  is  obtained  by  adding  charcoal  totheglaae  miztnre,  and  ate 
oolonr  by  means  of  glass  of  antimony.  Bat  the  finest  yellow  is  produced  hj  eofoai 
the  glass  to  be  coloured  with  a  mixtare  of  clay  and  silver  chloride,  and  haatiiif  itii 
a  maffle.  A  fine  greenish-yellow  coloured  glass  is  obtained  by  the  idditiaB  of 
uranium  oxide  to  the  metal. 

Blue  glass  is  obtained  by  adding  cobalt  oxide,  in  the  shape  of  smalt 

Green  glass  is  made  by  adding  chromic  oxide  or  capric  oxide ;  a  laM  bttitiM 
colour  is  produced  by  ferrous  salts.    The  colour  uf  bottle  glass  is  due  to  the  latttt.  ^ 

Violet  glass  is  obtained  by  manganic  oxide;  with  a  blue  shade  bymaognie 
oxide  and  a  little  smalt. 

Black  glass  is  only  known  in  the  opaque  condition;  it  is  produced  by  tb 
addition  of  ferrous  oxide,  or  cuprous  oxide  and  smalt. 

Opaque  white  glass  is  obtained  by  the  addition  of  bone  ash  to  ooIoarlssidHl 
The  lime  phosphate  is  not  dissolved,  but  remains  suspended  in  the  metal,  nMBii| 
the  glass  opaque. 

Alabaster  glass  is  prepared  with  a  very  small  addition  of  bone  ash.    It 
from  ordinary  opaque  white  glass  in  containing  an  excess  of  silica. 

In  American,  Bohemian,  and  Silesiau  manufactories,  cryolite  glass  bsi 
prepared  for  some  years.    Benrath  uses  for  this  purpose  a  glass  mixture  of  1  put  of 
cryolite  and  2  parts  of  sand. 

Glass  PAnrnNO. — Formerly  coloured  glass  windows  were  made  by  setting  pimi 
of  differently  coloured  glass  in  the  manner  of  mosaic-work  by  means  of  iMd,  tht 
shading  being  effected  with  colour  on  the  back.  Afterwards  unooloured  glsn  vM 
painted  as  in  ordinary  painting.  The  cf)lour8  used  are  metallic  oxides,  comt  oaddib 
chromic  oxide,  etc.,  which  are  mixed  with  an  easily  fusible  glass,  painted  with  ti^ 
pentine  upon  the  glass  surface,  and  then  melted  by  heat,  or  fired.  Of  eooxie,ai 
the  under  layer  Hhould  not  bo  softened,  the  fiux  should  melt  before  this  happens.  vA 
consequently  it  must  be  more  easily  fusible. 

A  glass  having  the  following  composition  rnn  l)e  used  as  a  flux : — 

Powdered  quartz 20 

Lead  oxide S6 

Bismuth  oxide 10 

Should  the  colours  be  attacked  by  the  lead  or  bismuth  oxide,  the  fbUowing  ait 
tare  may  be  used: — 

Powdered  quartz  .        .  20 

Borax 15 

Saltpetre  2*6 

Calcium  carbonate 2*ff 

In  melting  glass  mixture  a  certain  proportion  of  broken  pieces  of  glass,  or  esUtt» 
is  added  to  it.  This  glass  refuse  is  always  at  hand  in  glass  works.  The  glsss  wbiA 
has  run  out  of  the  furnace  from  broken  crucibles  is  also  used  in  like  manner  as  a  lit 
By  this  means  the  refuse  glass  is  not  only  turned  to  account,  but  its  addition  to  ^ 
glass  composition  facilitates  vitrification,  since  this  glass  melts  at  a  lower  tempeflM 
than  the  composition  and  thus  exerts  a  solvent  action  upon  it. 

The  melting  pots  used  for  making  glass  are  large  crucibles,  made  of  the  wtl^ 
difficultly  fusible  fire  clay,  which  must  not  contain  more  than  mere  traces  of  ixQS  CV 
lime ;  one  of  the  best  kinds  of  clay  for  the  purpose  is  Stourbridge  clay.  In  mskiil 
^lass  pots,  the  day  is  always  mixed  with  a  quantity  of  pieces  of  broken  meltiiic  pak 
in  a  fine  state  of  (uvision,  and  kneaded  up  into  a  paste  with  water,  and  mwildi?  wtt 
the  hands  into  the  desired  shape.  Before  new  mating  pots  are  used,  chips  of  bcebs 
glass  are  melted  in  them,  so  as  to  form  on  tlie  surfiice  a  difficultly  fusible  glase,  techsi- 
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aOjtsniMd  lining, vhich  helpi  to  prennt  the  clajfrom  braog  attarwudi  aetad 
upon  l^  the  glau  miitnn. 

The  atw  of  the  melting  pote  depeode  upon  the  size  of  the  furoBce.  In  Ihi* 
country  thej  ore  larger  than  in  QernuDj.  They  differ  alto  In  shape,  the  nctioD  being 
ronnd  or  ellipUcal ;  la  (hie  eonntiy  Uuy  are  wider  abore  than 
beneath  (4  to  S  feet  aboTB,  and  at  the  moat  3}  feet  below). 
They  are  generally  open  abore ;  but  thoae  used  for  lead 
glan  are  corered  with  an  arched  top,  aa  shown  in  fig-  182,  luid  / 
tx  charging  and  taking  out  the  glass  tJiey  are  fnniiihed  with  It 
A  mnffle-shaped  ODenbg  (a)  at  t^e  aide.  Hie  arched  cover  J 
■anD*  to  protect  the  lead  oiida  from  the  redndng  influence  of  > 
the  hot  air  of  the  AimacF.  |.j|ili 

Figs.  183,  184,  and  I8S,  repmeeDt  Sismens'  glaaa  melting   W]\] 
pota,  in  ths  constnictioa  of  which  adrantage  is  takMi  of  the    \ 
bet  that,  as  the  glass  mixture  approaches  complela  fosion,  i 
becomes  specifically  heaTiar.    To  proride  for  tlie  separation  of 
the  metal  in  diffcnnt  stages  of  the  meltiog,  these  pota,  of  pi,.   ,f,n 

which  flffs.    183  and   IBO  show  the  Tertical  section,  and  flg. 

184  the  noriiontal  section,  consist  of  three  compartments  communicating  with  each 
other,  a  is  the  meltjng  compartment,  b  the  space  where  the  settling  takes  place,  and 
c  the  working  space,  from  which  portions  of  the  melted  glaas  are  taken  ont  through 


Fia.  IBS.  Fio.  184.  Fia.  185. 

tlie  opening  (c)  for  working.  The  compartmoDt  (i.)  is  filled  with  the  glass  mixture. 
and  as  this  tnaoa  and  the  molten  mass  ini:teases  in  density,  it  ainks  to  the  bottom, 
and  posses  thruugh  the  opening  (a)  into  the  second  compartweDt  (b),  where  again  the 
hnriest  portion,  correapondiQg  with  that  nearest  to  complete  Aurion,  sinks  to  the 
bottom,  and  pnases  through  the  opening  (6)  into  tlie  working  apace  (c). 

The  famoco  in  which  the  glass  pota  are  heated  is  in  all  cases  a  eapation*  raultsd 
chamber  ■abstantialty  constmcted  of  reflectory  atone  or  fire  bricks  upon  a  solid 
foundation  and  OTcr  nn  arched  passage  called  the  cafe,  which  ia  beneath  the  floor 
ItTel  and,  ditendiag  from  tide  to  side  of  the  furnace,  serrea  to  roceire  the  ashes  from 
the  fireplaces  as  well  ns  any  portions  of  msited  glass  that  escape  from  cracked  glass 

CThe  fire  grates  are  placed  at  the  lerel  of  the  floor  over  the  cave  ae  ehown  in 
1 S7,  and  at  the  aides  of  the  furnace  are  seveml  arches  by  which  access  to  the 
interior  of  the  (ninace  can  be  obtained  for  setting  the  melting  pots  and  when  repairs 
■re  needed.  The  furnace  ia  generally  placed  in  thr  centre  of  a  building  called  the 
glais  homae,  in  which  the  vnTioai  operations  of  working  up  ths  glass  are  carried 
out,  and  the  hot  gas  and  smoke  from  the  fire  escapee  either  thraugh  fines  at  the  side 
of  the  furnace,  as  rhown  in  figs.  180  and  162,  or  into  a  conical  tower  built  up  round 
the  furnace  to  a  sufficient  hdght  lo  cause  a  draught. 

Ths  hot  gas  from  the  meltiog  furnace  is  eomptimea  dmwn  off  through  side  open- 
ings sod  conducted  by  flues  to  adjoining  chambers  which  serre  for  fritting,  calcining, 
diying  and  annealing,  or  for  drying  the  gUss  pais. 

Olass  furnaces  ore  sometimes  made  large  enough  to  contain  eight  or  tan  melting 
pots  and  sometimes  they  have  only  four  pots.  In  rarious  other  respects  also  the  con- 
struction of  glass  fumacas  presenta  minor  differences  according  to  the  nature  of  the 
work  to  be  done. 

The  ftimacea  employed  in  making  glass  require  to  be  reij  carafolly  built, 
both  in  order  to  produce  the  necessary  temperature  and  to  resist  its  influence  for  a 
anuidsmble  len^  of  time.  In  their  construction  fire  brick  alone  is  empluysd. 
The  bricks  are  laid  with  a  verj  thin  layer  of  fire-clay  pasts  between  the  Joints.     In 

CI  at  all  precautious,  however,  the  sides  of  the  furnaces  ore  so  much  acted  upon  tiy 
himt  and  the  volatilised  alkalies,  that  they  are  worn  out  and  require  rebnilding 
within  12  months,  or  sometiuies  within  B  months.  Furnaces  in  which  the  more  cosily 
ruibla  lead  glow  is  melted  bist  proportionately  longer  than  those  in  which  the  mora 
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latmOorj  kind*  of  glau  an  pnpand.  Whan  tha  oompomtiaii  of  Uia  ftn  hU 
defective  the  fumara  hsB  to  be  pnt  out  of  om  imnudiatal*,  othnviaa  dna  ef  m1 
ailieataa  (nil  into  the  glAW  pota,  wbare  Cbey  eitluir  diaatUTS  and  ralanr  Um  hAL 
remun  nndissolved  uid  tana  knota. 

TIm  inlarioi  01  melting  niMe  of »  glass  fomaea  U  dthar  ronod,  aqau^  ad 
ticklgknd  it  ia  heated  either  b;  ■  flreplaee  id  the  centre,  ot,  eceordiiigtatkaabarf 
'   1,  by  flraplaeaa  at  both  ends  or  at  one  aide  onlj.    Elga.  IM  m1 
._.- i  i.._^ — .,1  — .:._  ..  J  ftntiace  tor  nukiBg  aata^ 


it  the  elention  and  horiMntal  ■ 


On  both  ride*  of  the  melting  apses  or  all  ronodit  ia  an  elerstion,  teeuicallj  tH 

-    '       ■  •    '  -^    -    -=  ag.  isnam  flMdC*,* 

rha  melting  qscaiaai 
,0  coneanCmta  thehenl  npon  the  melting  pot*.    AboreoKll  pot  line 


Itof  thesi 


t»fl,a.S. 

&■  glua  when  melted,  and  4,  fi,  5,  7  ue  pipe  bolM  fat  vaiBdna  tba.  pm  ta 
hagjnning  to  wock  the  glass.  Beneath  the  muUng  holes  are  amalTtniuwu  (S,  t, 
thimigh  which  the  melting  pot^  can  be  ramored  when  vian  out,  and  lafiiwl 
frath  OUM  i  these  tnnnels  aie  boilt  op  «hati  the  fnrnaoe  ia  in  naa. 

Fio.  ISS. 


In  eoneeqnence  of  the  high  teni 


^ .. ..„-  „.iipeiatuw  requisite  for  melting  the  mtlaU 

making  glass — aboat  12.000° — and  the  necessity  of  maintaining  the  fbmanattl 
tsmperatnre  while  the  gliuii  is  lieing  worked,  the  eonanrnption  ef  fael  is  TV^et^ 
able,  and  there  is  In  Uiis  rase,  ne  in  all  others  where  very  high  tampsittHH 
necsnaty,  a  large  quantity  of  heat  otrried  off  in  the  gaseooa  pmdveta  vt  eortw 
which  escape  from  glass  fumscea.  Thin  heat  is  sometimes  turned  to  accooBtftct 
ing  the  kilni  or  orena  in  which  the  fi'liua  is  nniiaaJed  after  it  has  beoi  wbtfti, 
aereral  other  plans  hare  been  devised  for  economising  the  heat  jmdneed  in  lh*| 
furnaces  and  ndnciog  the  consumption  of  fuel.  Among  these  may  be  meatMM 
B[>pHeatiDn  of  Siemens'  regenaiKtirp  fnnviea,  which  is  fnmishod  with  two  MM 
bnAworic airanged  in  Hai^amanoer  that,  while  the  hot  ^  from  theftunaMfl 


brickwork,  and  when  this  has  become  red  hot  the  directii 


!  waste  gas  ia 
inn  of  the  ev 
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o  the  furnMs  is  nuda  to 
befofa  entering 
ilie  fOnMoa,  while  the  oUier  conpKrimant  i>  being  heated  by  the  vsite  piodDCti^ 
eoabiMion.  Tba  heat  which  would  otherwiie  be  wasted  ie  thus  to  some  ezt«Dt  ageia 
wait  narfkil  for  imuntBining  the  iempHc»tni«  of  the  fumace,  and  there  ti  a  propoi* 
tioData  ndoction  in  the  amannt  of  fael  coastUDed. 

InBelfoTd'afaxnaWjn^inaeDted  b;  flg.  IBS,  the  foel  i«  used  in  the  slateof  gas; 
onaachndeof  themaltiiigapace  where  the  glaia  pots  (cccc)  stand  npon  the  bank  (a) 
tn  tha  chambera  (n  n)  in  which  the  ccal  ii  solnscted  to  the  action  of  a  blait  forced  in 
Ehrao^  the  tabe  <r)  and  the  braaeb  tabei  (r'  r)>  '"  '^  ^^  <^o^  '*  °i^b  to  famish 
eoDibDJaihle  gtu.  jmitij  by  distjllaljon,  and  |)BrtlT  bj  the  formation  of  carbonia  odde, 
This  gas  flows  through  the  openings  (dd)  into  the  melting  space,  and  bnnu  there  on 
coming  into  contAcC  with  air  supplied  bf  the  blast  thtongb  the  tabes  (hh)  and  heated 
bj  rsfiring  thiongh  theebamhers  [ti),  into  which  the  heated  air  of  the  melting  space 
pessH  tlufingh  the  openings  (oy).  The  supply  of  this  air  is  regulated  by  Talres  (Jj). 
One  adT«ntage  pneented  by  tins  hroaee  is  that  the  glass  metal  is  aot  contaminated 
by  the  floating  ashes,  etc  from  the  fires. 


The  reactions  which  lake  place  in  the  melting  of  the  glass  matenals  ore  VS17 
■nple  When  silica  is  melted  with  alkaline  or  earthy  carbonatee,  the  mlica  displaces 
aibomcacid  and  combines  with  Che  basic  oxides,  fomune  silicates  A  similar  dunge 
takes  place  wben  red  lead  is  mixed  with  the  alkali,  lead  Bilicslea  being  also  fom«] 
bj  the  decompontion  of  the  red  leiui.  Daring  this  procese  a  conNdenbte  erolution 
of  gas  take*  place,  which  is  the  cause  of  the  bubblee  so  often  obeerred  in  gloss  vessela. 
These  bnbblv  may  be  expelled  by  hating  the  melted  mass  until  it  pHsees  into  • 
Habile  liquid  condition.  Veins  and  ■treoks  in  glass  are  canBrd  by  the  density  of  the 
mslUd  mass  not  being  homogeneouii  throogbout. 

A  source  of  great  inconvenience  io  the  manufacture  of  glnss  is  the  rolatilisation  of 
alkali,  which  l^ss  place  before  TitriScation,  i^.  before  the  alkalies  hare  combined 
with  the  silica.  When  impure  alkali  or  alkaline  solta  are  used,  n  higher  temperature 
is  requisite  and  sT«ter  volatiliration  takes  place.  The  presence  of  chloridee,  and 
■QMoally  of  sulphates,  gives  rise  to  opaque  threads  and  knots  in  tbe  gloss,  which  are 
caused  by  the  melting  of  these  SHits  in  Taiious  parts  of  the  mass  without  mixing  with 
it  The  volatilised  alkalies  condense  upon  the  vault  of  the  ftamace,  forming  with  the 
stonework  impure  mlicaI«B  which  melt  and  drop  into  tbe  emcibles  beneath,  rendering 
tbs  glass  impure. 

A  further  iDconvenience  attending  the  nse  of  pots  in  making  glass  consists  in  the 
solvent  action  exerted  upon  tlie  material  of  the  pots  by  the  melting  alltaliee,  which 
not  only  ivnden  the  glass  impure  by  dissolving  alumina  and  iron,  but  is  also  veij 
dsetrsctiTe  to  the  juts. 

Both  the  volatilisation  of  alkali  and  the  solvent  action  exerted  by  the  alkallta 
upon  the  melting  pots  must  be  taken  iutooccoaot  in  the  mixingof  the  glass  materials, 
nd  a  eorreeponding  extra  quantity  of  alkali  added. 

The  sepnrate  constituFotJi  of  the  glass  having  been  calcined,  the  proper  quail- 
titsi  are  wngbed  ont,  and  tboroaghly  mixed  together.    Sometimes  only  a  portion 
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uf  the  Bities,  with  an  exMU  of  tlift  leaes,  ie  melted  with  the  bnk 
unler  to  fli  the  basea  quickly ;  otherwiw  these  being  the  ftnt  to  melt,  U 
nlaULiiicU  in  Kreater  qaanL!l^,aiidnfterwnnlethenniaiiiderof  thematcr 
iog  reletiroly  Teea  bttsee,  is  ndded.  Id  any  case,  aoneiderable  loae  of  alki 
avoided  ;  amounting,  with  potash,  ordinanl;  to  16  or  17  per  cent.,  but  £ 
Geeding  26  per  cent.  The  mixed  mHterinle  are  heated,  gsneiallj  in  nd»  c 
in  apacinl  fhmacea,  to  a  red  heat,  or  sometimee  oven  until  the;  eomnieDM 
each  otbet,  Bod  the  mass  becomee  paetj  or  fritted.  Meanwhile  oewi 
that  have  been  praviauBl}!  healed  to  a  red  heat  are  introduced  into  the 
nace  through  the  crucible  holea.  which  are  then  bricked  ufi.  The  heat 
creaeed,  and  the  glaea  material  ie  iQtrodnced,  in  eerenl  poriJong,  into  the 
through  the  workiiig  holea.  The  heat  ie  again  increaud  to  the  utmort, 
thoronghl;  melt  ana  combine  the  silica  wiu  the  baste  oxides,  the  cartoi 
other  acid  oiidee.  prerioasly  in  combination  with  them,  being  displacad 
off.  Foreign  salts,  inch  as  potaseiom  chloride  and  sulphate,  which  an 
veij  slowly  OF  not  at  all,  collect  at  the  suri^  as  scum  or  gall,  and  thaw 
Tolatiltsed  at  the  bigh  temperature  are  skimmed  off.  The  formatioD  of  g 
therefore  due  to  impurities  in  the  soda  or  potash.  Tbe  temperatore  is  : 
until  bj  (be  disappearance  of  the  gas  bubbles  and  the  deposit  of  other  is 
metal  has  become  completely  clear.  This  clt&r  molted  glass  is  called  met 
tix>  thin  to  be  worked,  tbe  temperature  ofthefnmace  is  stjll  farther radnoe 
when  leady  tbr  working  should  bo  perfectly  clear  and  transpannt,  oral  C 
bubbles,  or  porljons  of  the  salts,  grains  of  sand,  etc. 

In  working  glasa  into  various  atiapes  odvanta^  is  taken  of  the  plai 
it  acquires  when  mfBcieotly  heated,  and  in  moet  instancee  this  is  done  b 
into  a  lump  of  tbe  glus  enfflciently  large  to  make  the  article  required,  k 
a  hollow  globe  which'  is  afterwards  s^ped  by  varions  devices.  This 
t«rmedglaiB-blowing,  and  the  principal  instrument  used  in  earning 
iron  tubs  about  an  inch  in  diameter,  and  four  or  Sve  feet  long  called  th 
one  end  there  is  a  knob  wbich  servea  as  a  mouth-pipe  for  blowing  throni 
at  the  other  end  is  a  knob  upon  which  the  aofl  metal  is  taken  np  oat 
pot,  and  part  of  the  tube  is  sometimea  cased  with  wood  or  ot£er  no 
material,  so  as  to  enable  the  workman  to  handle  it  more  convaiiiantly. 
lump  of  metal  has  been  taken  up  on  the  pipe  it  is  kept  in  a  globolar  imp 
the  ^pe  and  rolling  the  metal  upon  the  marver,  which  is  eitlieT  a  amoo 
or  a  moistened  blodi  of  wood  wluch  has  several  concavities  in  which  the' 
is  rolled  to  bring  it  into  ehape.  At  tbe  same  time  the  workman  blows  ge 
pipe  and  slightly  distends  iho  glass,  the  object  being  |o  obtain  uniform  d 
the  metal  ronnd  the  axis  of  the  pipe  bofore  it  cools  so  far  as  to  require  reh 
farther  ebaping  of  the  glass  globe  after  it  has  been  healed  at  ono  of  the  w 
of  the  furnace  is  effected  either  entirely  by  blowing,  or  in  part  also  by  : 
glass  eitemally  while  air  is  forced  in  through  the  pipe. 

This  method  of  working  glass  is  adopted  not  only  for  making  bottla 
domestic  utensils,  b 
making  sheet  glass  for ' 
The  tliicker  kinds  of 
are,  howevsr,  moetly  n 
ing  and  rolling  l^e  ID 
tweon  a  heated  mst« 
a  rollor.  Pome  articlei 
or  pressed  into  mouldi 
Blowh  Glass.  -B 
ing  glasses,  and  other  i 
nre  always  blown,  ai 
used  for  tho  purpose  : 
glass  or  flidt  glass.  ' 
nipnt  of  a  gliisa  hoasi 
bottles,  etc.  is  reprMt 
189. 


tityofglassforabotU 
p,g    lgg  flrst  works  it  to  tbe 

pipe,  with  a  flat  iron, 
it  otcsaionaiiy,  and  then  rolling  it  in  one  oF  the  depresBions  of  the  mar 
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form  it  into  a  slightly  elongated  globe.  This  is  again  heated  in  the  furnace  and 
lengthened  by  swinging  the  pipe  backwards  and  forwards,  after  which  it  is  put  into 
a  cylindrical  mould,  and  blown  out  so  that,  whilst  the  colder  neck  is  drawn  out  with- 
out being  dilated,  the  body  acquires  the  right  diameter  and  height.  The  bottom  of 
the  bottle  is  then  warmed,  and  pressed  inwards  with  an  iron  rod  in  the  direction  of 
the  axis,  in  order  to  produce  the  usual  cavity,  and  an  even  edge  upon  which  to  stand 
the  bottle.  A  second  iron  called  the  ponty  is  then  attached  by  means  of  a 
piece  of  gluss  to  the  cavity  in  the  bottom,  the  neck  is  separated  fi?om  the  pipe,  and 
tke  bottle  is  held  at  the  furnace  inouth  in  order  to  melt  the  sharp  edges,  and  to  lay 
some  threads  of  molten  glass  round  the  mouth  to  strengthen  it.  The  neck  is  then 
levelled  on  the  outside  and  enlarged  cylindricaliy  from  the  inside,  with  a  pair  of  shears. 
The  bottle  joined  to  the  iron  is  now  carried  by  a  boy  to  the  annealing  oven,  where 
by  a  slight  blow  it  is  separated  from  the  iron.  (Sometimes  a  complete  mould  in  several 
parts  is  used,  in  which  the  botUes  are  rapidly  blown,  and  thus  a  uniformity  of  size  and 
shape  IS  obtained  that  is  otherwise  only  approximated  to,  notwithstanding  the  skill  of 
the  workman. 

The  annealing  ovens  for  blown  glass  ware  are  either  at  the  side  of  the  melting 
furnaces  and  heated  by  the  hot  gas  passing  off  from  the  meltbg  furnace,  or  there  are 
special  annealing  kilns  heated  by  separate  fires,  as  shown  in  fig.  1 89,  and  the  botUes  are 
allowed  to  remain  there  until  tiiey  acquire  the  temperature  of  the  oven.  In  England 
a  continuously  acting  annealing  oven  is  used.  It  consists  of  a  long  arched  chamber, 
heated  by  a  separate  furnace.  Wheeled  trays  run  on  rails  fi?om  end  to  end.  These 
travs  are  packed  with  the  bottles  to  be  cooled  and  slowly  pushed  from  the  hotter 
end  of  the  chamber  to  the  cooler  end,  by  which  time  the  bottles  become  sufficiently 
cool  to  be  taken  out.  Instead  of  the  trays  an  endless  chain  passing  through  the  oven 
may  be  used,  and  the  articles  to  be  cooled  are  placed  on  the  chain  in  boxes  or  trays. 

Qood  bottles  must  not  only  withstand  ordinary  changes  of  temperature,  but  fre- 
quently, as  in  the  case  of  champagne  and  soda-water  bottles,  they  must  be  strong 
enough  to  sustain  a  considerable  pressure  £rom  the  inside ;  and  to  ensure  this  the 
glass  must  be  of  e^ual  thickness  throughout,  and  well  annealed.  In  order  to  avoid 
loss  by  the  bursting  of  champagne  bottles,  each  bottle  is  proved  separately  before 
being  filled,  by  pumping  water  into  it  under  a  pressure  of  twelve  atmospheres. 

In  blowing  ver^  large  round  bottles,  such  as  sulphuric  acid  carboys,  the  blower 
with  his  mouth  spirts  some  water  into  the  partly  blown  sphere  of  glass  through  the 
pipe,  which  he  then  closes  with  his  thumb,  and  the  vaporisation  of  the  water  serves  to 
blow  out  the  glass. 

In  making  the  finer  kinds  of  blown  glass  articles  lead  glass  is  generally  used,  and 
in  order  to  avoid  the  reduction  of  the  lead  oxide  in  the  preparation  of  the  metal, 
the  glass  pots  are  always  closed  above,  so  that  reducing  gases  and  coal  dust  are  pre- 
vented from  coming  into  contact  with  the  molten  metal,  and  they  have  also  a  kind  of 
mnffle-bhaped  opening  at  the  side  which  fits  into  the  working  hole  of  the  furnace. 

After  the  raw  materials  have  been  thoroughly  mixed,  successive  small  portions  are 
thrown  into  the  glass  pots  and  brought  to  the  melting  point  as  quickly  as  possible. 
Whibt  the  melting  is  going  on  the  openings  in  the  glass  pots  are  closed.  About  14 
hours  are  required  for  the  complete  fusion  of  the  metal,  and  about  the  same  time  for 
working  up  Uie  metal  of  a  pot  containing  about  6  cwts. 

Crystal  glass  being  more  easily  fusible  than  ordinary  glass,  it  is  more  easily  worked 
and  can  be  more  frequently  reheated  without  becoming  dovitrificd,  provided  that  the 
flame  does  not  exercise  a  reducing  action  upon  it.  It  is  worked  into  shape  by  means 
of  the  blowpipe,  like  ordinary  glass ;  or  by  blowing  it  into  metal  moulds,  for  bottles 
and  similar  articles;  or,  lastly,  by  pressing  it  into  metal  moulds,  for  dishes,  plates,  etc. 
The  glass  obtained  by  blowing  or  pressing  into  moulds  resembles  cut  glass  and  is 
much  cheaper,  but  from  the  rapid  cooling  of  the  metal  it  is  not  sufficiently  fiuid  to  fill 
the  mould  perfectly,  and  therefore  has  not  the  sharp  edges  and  angles  of  cut  glass. 

The  softness,  great  density,  and  strong  refracting  power  of  crystal  glass  render  it 
eq[>ecially  suitabl*^  for  cutting.  This  is  effected  by  pressing  it  against  acute  or  obtuse- 
angled  wheels  driven  rapidly  by  means  of  a  belt.  The  glass-cutter^s  work  may  there- 
fore beet  be  compared  with  that  of  the  turner  inverted.  The  wheels  as  well  as  the 
grinding  powders  are  changed  at  different  stages  of  the  cutting.  The  glass  is  first 
roughly  ground  with  an  iron  wheel  and  sand  and  water ;  Uien  follows  a  fine  grindine 
with  a  sandstone  wheel.  The  glass  is  then  polished  by  means  of  a  wooden  wheel  and 
punice  stone,  and  lastly  by  a  cork  wheel  and  tin  oxide. 

In  the  manufacture  of  coated  glass  the  workman  takes  a  small  quantity  of  the 
coloured  glass  metal  on  his  pipe,  blows  it  slightly,  and  then  dips  the  pipe  in  the  pot 
containing  the  colourless  metal,  gathers  as  much  as  is  necessary,  and  then  blows  it,  etc. 
In  this  manner  a  hollow  glass,  coloured  on  the  inside,  is  obtained,  specially  suited  for 
entting,  since  the  grinding  being  carried  out  on  the  colourless  exterior,  the  coVoxiTcd 
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ionrr  Uyar  mtuuna  uf  eqaiil  thicka«B>  und  deptb  of  cnloar.  If  the  gUui  ii  Mt  la  ti 
groand  tha  opantiOD  maj  be  rsTeraed,  flrsC  Lbe  irbil«  and  tbea  ths  tnlonnd  arttl 
baing  giitheivJ  witb  the  pipo. 

In  thin  wuniry  a  aareriDg  of  colcmred  glosi  is  fint  Llova ;  this  in  openad  at  lb 
top  and  culuurlnu  metat  iBtrodaced  on  tlic  pips  throug'h  the  opeDing,  uid  midtlt] 
blown  DO  ua  tu  furm  n  Dnifomi  lnyor  on  tbo  inlerior. 

In  Jtohemia  ainiUI  piuu-cs  <yt  culoured  gliu<s  nn  Iiiuital  almoat  to  maltiDg  on  W  in 
tod  ID  tliBvackiog  apacvo.  ihsD  bud  on  uomacoluurlEiis  ftlaw  attacbed  la  &  pp^^al 
out  evenly  \ij  miMiia  of  thu  iron  ruJ.  und  fioitUy  the  whole  ia  blovn. 


Ui> 


—The  niaual'iicture  of  thin 


ilippin^x  'if  bii  pipu  intu  tbo  gliua  put  i;iitli«nd  a 
uf  the  metal,  Knt  tumu  it  by  blowing  nnd  rolling  it  on  tb 
Diucvvr  :  till  it  takts  thu  forma  i,  k.  l,  Hg.  I9U.  This  ia  againhMUJ 
Ht  Iho  rircnlsr  omning  in  the  riiriiiue,  and  the  pipa  uttpSf 
miiiti'd.  ho  that  the  bottitm  of  ibe  linll  ia  ttaltsDBd  and  final  ■ 
cin-tiUr  diac,  a*  nbown  ttt  ».  Tu  the  middle  of  this  din:,  the  pDit; 
is  huldi'ivd  by  meant  of  u  amall  quantity  of  glaas,  And  tha  tnllia 
then  supurated  from  the  pipe  by  breiiking  the  neck  acroa  vit^  i 
cold  inin,  Ihe  opening  thus  madv  is  lieated,  by  holding  tha  Mb 
iippusitu  tba  circular  opening  in  I)iu  Ininiace,  llie  pontj  m        '"' 


I         ll      1       Lomg  curilinually  njlnled,  and  tlic  hole  alightly  videnad  b;*' 

'I    •      atii'k  ao  that  the  bulb  arquirea  the  form  ahown  at  ir.    It  it  MB 

1.^         auTiHl  to  the  flnahing  fuinaci',  Rg.  ISI,  and  tualed  op/ai^ 

f/       I  (,„         tha  upi-tiing  (*)  fnim  which  (he  flame  iaanee  nod  cornea  in  eoMt 

no.  luu.        ^.^^  1^^  ^^^     .j.j^  ^^,^  .^  ^^^  ^^^^  hurizontaUj on  aa  ina 

bar,  HO  ai  1u  expose  lIiu  luontb  of  the  bulb  lo  the  flame  iiwuing  from  the  nnmdM- 

turB(*),  and  Turj  rapidly  rolateiL   Thruugh  the  influence  of  centrifugal  foieethaaj^ 

of  the  hoio  widen,  aa  ihowu  at  o,  and  preamtljafit 

IB  fanned,  which  ia  thick  in  the  middle,  wMn  tb 

poDty  ia  attached,  but  olae»hiire  ia  tulec^ily  infak 

This  operation  ia  callud  flaahing,  and  the  moda  ii 

wbich  it  ia  conducted  ia  nipnsant«d  bj  flg.  IH 

When   the  disk   liaa  been  formed  and  bacooaNl- 

ciently  cool,  it  ia  laid  upon  a  bed  of  hot  aihe^  a^ 

rated  from  thi>  ponty.  nnd  then  remored  byMH 

of  a  fork-ahupi-d  iron  into  the  annealing  oren  It  tb 

_  aide  of  the  fl^iabing  furnace,  where  it  ia  Dlacad  M 

fidge.    The  disk  being  cut,  in  order 

thicker  part  from  thu  centre,  two  b* 

la  German  name  of  moon  gtaaa.    It!a  en 

nto  regular  panes  of  glam  there  mnat  be 

mute  ;  it  ia  on  that  account  uubii  ■■• 
coatl;  than  the  aheet  gjlan  made  bm 
cylindere. 

Ctlekdiu  OB  Skkbt  Qx,iM. — At  (b 
present  time  window  glua  ia  almntiV' 
Tomnlly  prepared  from  cylinden  ablu>l 
bv  manipulation  of  the  metal  with  flt 
biim-pipe.  When  the  glaai  biadMn' 
and  baen  skimmed,  the  workmai^  IatI^ 
hrntL-d  hig  pipe,  gather!  with  it  KNH  ||M 
from  the  pot  aod  thi-n  tnma  it  as  tW 
tbo  metal  ongpalf  withoat  mnUMtf; 
the  pipe  ia  then  dippnl  in  again,  bM  4> 
openition  rep«ited  until  a  HotBcient  qi* 
tity  uf  metal  i»  galhere>I  on  tha  eid  rf 
the  pipo,  pi»pOTtJonnIe  to  tha  an*  arf 
thieknvsa  of  the  cjUcder  to  be  Wtk. 
When  sufficient  mPtnl  ia  attidwdtelb 
pipe,  the  workman  blowe  into  it  thn^ 
the  pipp,  again  heata  it  at  the  '     ''~~ 


hole,  a 


while  I 


siding  the  Inar  bl 


1  the  moiatened  cavity  of  a 


into  it  until  the  glau  grHdually  takea  the  form  of  a  pear^luil 
flg.  103).    Ha  than  hotda  the  pipe  rertieallj  with  fh»f^immSm- 


antfc,  aad  wmagt  it  to  and  fro  Iik>  a  pendulum  u 
BM«^  ealUd  the  swingiag  pit,  RJIl  blowing  iata  I 
»■  thni  giBdnftlly  asmue*  tlis  tOrm  of  n  cylinde    .      .    „ 

t  tUi  opaiatioii  to  k«ep  the  toft  ^au  contiimatlf  in  motion  o. 

supports  hii  pipe  upon 
a  puteble  zsct,  and  paU  the  cjlindec  into  tbe  vorking  (pan  of  the 
faiiiiuij,  K  that  tlia  lower  cloaad  end  of  it  nuj  become  heated. 
He  tlMD  tloeea  the  inpe  with  hii  thumb,  and  the  expeniion  of  the 
itlnwrt  ^  b;  the  heat  csneea  the  Boft«ned  bottom  i^  the  cjlindei 
to  iwall  oat  and  flnaUj  bunt.    By  rapidly  turning  the  pipe  bock- 

~^~' '  '-- '"  "*"' "i  widened;   the  cjlindet  ie  then 

to  and  fro  until  the  opening  has 
the  full  width  ofthe  oyliiider  (□,  flg.  IBS).  When  the  gla**  i*  eo  &t 
(ooled  ••  to  retain  its  shape  without  being  swung,  the  cylinder  ii  laid 
i^oo  a  rest,  and  a  drop  of  water  ie  applied  with  an  iron  to  the  upper  e 
nd,  where  it  it  attached  to  the  pipe ;  and  then  open  striking  the  pipe  '' 
■boot  tha  eaotra  with  an  iron  biu-  the  cylinder  eeparatas.  If  the 
ejlindai  be  of  thick  gUas,  it  is  eoolcd  verf  ilovly  in  proper  cooling 
onma ;  bat  with  Tei7  thin  glasa  this  operation  ie  ■upernuons. 

Hie  DBit  Btap  is  to  break  off  the  conical  end  of  the  eylindei  (the 
Deck  01  cap),  a*  shown  at  m,  which  ie  efiectid  by  eDcircling  it  at  the 
lilae*  wbera  it  ie  to  be  separated  with  a  red-hot  Ihread  of  glass,  or 
M-ting  against  it  a  red-hot  eiicnlar  inm  called  the  springing  iron. 
and  aftarwatd*  touching  the  heated  place  with  the  moistened 

or  thnnring  "  ' —  "* *  — "'      '"'""   -''--•--•   -  '- 

then  opened  ,- _.  ._„. j-.— — r— c— 

edgeof  the  it«D  in  a  straight  line  to  and  &o  along  the 
than,  by  manly  sciatching  with  a  pointed  itone  along  tl 
oaekt  from  one  end  to  the  other,  the  result  being  ohoi       .  . 

Hie  flattening  of  the  opened  cylinder  is  carried  out  ii 
of  two  parts,  the  flattening  oven  and  the  cooling  or  annealing  oren.  Within  the 
OTCO  ie  the  flattening  bed,  which  is  a  perfectly  level  surface  made  of  flie  day  and 
cement.  In  order  to  prevent  the  glass  adhering  to  this  auT&ce  some  lime  or  gionnd 
npsnm  is  thrown  into  the  fomace,  so  that  the  flame  carriea  the  powder  forward  into 
tbe  oven  and  deponts  it  in  a  fine  Inver  upon  the  flatleDing  sur&ce.  Tlie  flattening 
oven  is  connected  by  an  opening  with  the  coaling  oven,  which  contains  a  similar  flat 
sirbce.  When  a  cylinder  is  to  be  flattened,  it  is  passed  with  the  oponinga  upwards, 
thtuo^  the  paasage  into  the  flattening  oren,  and  gradually  pushed  forwud  towards 
the  nattJag  space.  As  the  cyliader  advances  into  the  oven  it  becomes  heated  by 
the  hot  oa  from  the  Sre,  and  it  arrives  at  the  flatting  pkl«  in  a  soflsned  condition. 
ne  erlinder  is  then  spnad  out  by  the  workman  by  means  of  the  flattening  iron, 
with  which  he  preesea  the  glass  outwards  at  each  side  of  the  ctack  nntil  it  forms  a  flat 
dkset;  the  poll  sher  is  then  pasted  over  it  to  render  it  perfectly  even,  and  it  is  pushed 
IcTwaid  by  mea>ns  of  the  flattening  iron  Ibrongh  the  opening  into  the  cooling  oven. 
yrbart  it  soon  becomes  snffldently  cooled  to  allow  of  ita  being  set  up  on  edge  against 
iron  rod*.  This  opention  is  repeated  upon  fresh  cylinders  until  the  cooling  oven  is 
' o  allow  the  coaling  cf  the  plates  of  glass  to  take  place 


Oorrngated  sheet  glass  is  obtained  by  blowing  out  the  cylinder  in  a  ribbed 
■>ons0  mould,  the  corrugatiooe  remaining  even  after  the  flattening. 

In  Older  to  avoid  loss  in  tho  transfer  of  the  sheets  of  glass  from  the  flatting 
■tene  to  the  cooling  oven,  Kim  has  snggeeted  a  contrivance  that  presents  dedded 
advantages.  It  consists  of  two  very  thin  flatting  atoiiee,  arranged  one  over  the 
cthei,  which  can  be  passed  alternately  from  the  flattening  oven  into  the  cooling  oven. 
Thu  glaee  ^linder  having  been  flattened  on  one  of  the  plates  in  the  flattening  oven, 
is  carried  forward  on  it  into  the  cooling  oven,  allowed  to  cool  and  set  npon  edge. 
Ibaowbile,  another  cylinder  is  being  epread  ont  on  the  second  flatting  stone  in  the 


Tba  flattening  oven  of  Chance  is  conBtructed  on  a  new  principle.  It  consists  of 
two  domed  chambers,  standing  side  by  aide,  and  communicating  through  an  opening, 
nu  hearth  of  each  oven  has  a  ciiculai  basie,  and  can  be  mov^  in  a  rotary  direction 
by  qieeial  machinery.  Each  oven  ie  divided  by  radiating  partitionB  into  eight  com- 
paitacnt«,  each  comparlmeot  in  tho  flatting  oven  contniDing  a  flatting  stone.  The 
Dpanad  nlinder  of  glaaa,  after  passing  the  heating  flues,  ia  pushed  forwaid  into  the 
nit  of  the  ught  comparUDeoIs  of  the  flatting  oven,  and  passes  from  there  with  the 
Ntiie  portion  of  hearth  into  the  second  compartnetit,  under  which  the  firing  is 
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placed,  and  in  which  the  flatting  and  smoothing  is  carried  out  From  this  it  puM 
into  the  third  compartment  and  so  on,  nntil  the  seventh,  from  which  it  is  pnihedoit 
for  farther  cooling  through  the  passage  of  communication,  into  the  annexing  offi* 
Under  the  eighth  compartment  is  placed  u  second  fire,  hj  which  the  hearth  ii  !»■ 
heated  for  another  revolution.  The  annealing  oven  is  constructed  upon  tfas  im 
principle  as  the  flatting  oven,  except  that,  inffoad  of  lying  upon  a  flatting  itoiN,tiii 
sheet  of  glass  there  lies  upon  wires.  After  one  revolution  in  this  oven  the  ihMtiof 
glass  are  sufficiently  cooled  to  allow  of  their  being  taken  ouL  The  sheets  of  gluii  H 
Uiey  come  from  the  flatting  oven,  have  a  length  of  from  40  to  50  inches,  iid  i 
breadth  of  from  20  to  30  inches ;  these  dimensions,  however,  are  frequently  a* 
ceeded. 

The  finer  sorts  of  sheet  glass  are  afterwards  polished,  as  described  at  p.  829. 

Plate  Glass. — Formerly  plute  glass  was  generally  prepared  according  to  the 
method  adopted  in  the  cylinder  glass  manufacture.  Peife<^v  smooth  plates,  nowitti 
were  never  obtained  in  this  way  ;  but  being  like  window  glass  clouded  and  imptn, 
they  consequently  gave  distorted  images.  It  was  not  until  after  Stewart^  in  ths  jnt 
1691,  introduced  the  casting  of  mirrors  that  perfectly  even  pLites  could  be  pnpin'* 
Since  that  time  casting  has  gradually  supplanted  the  cyliiider  method  for  miHa^ 
mirror  glass. 

The  plate-glass  furnace  usually  contains  ten  or  twelve  glass  pots ;  thej  are  nod 
or  ovali  and  open  above.   Besides  these  pots  for  melting  the  glass,  square  yssseli  wA 

of  clay  and  ealled  di- 
terns  or  cuvettei  o 
used  for  the  melted  g^ 
to  settle  in  and  beooai 
dear.  Each  eistai  ii 
capable  of  holdisg  » 
much  glass  as  is  mflvi 
for  a  single  plate;  tlii{0 
therefore  of  thnt  OA 
small,  medium,  and  lii|^ 
The  cisterns  axe  ^^ 
rounded  by  a  groofesM 
H  inch  broad  sad  4 
inches  deep,  in  cnkr  H 
ftimish  a  hold  fbr  tti 
tongs  (t.  fig.  194)  by  wMA 
'they  are  held  and  if* 
pended  from  a  otae  h 
casting  the  plates. 


Fio.  194. 


The  carefully  mixed  glass  materials  are  put  into  the  glass  pots  in  three  buccbwW 


process  or  melting  does  not  advance  equally  _  ^       .     ^^ 

furnace,  the  progress  of  those  ^at  are  behind  is  hastened  by  the  addition  of  p* 
cullct.  'The  fusing  period  lasts  about  seven  hours  and  the  clearing  period  about  ■«• 
After  these  two  periods  the  fire  is  moderated  and  the  metal  is  brought  to  the  pwp* 
consistence  for  casting.  The  time  required  for  casting  12  plates  is  about  an  bo't 
After  the  metal  has  boon  for  some  time  in  a  state  of  fusion,  a  previously  cleaned  a^ 
is  placed  in  the  furnace  and  the  opening  is  closed  and  plastered  up.  Wh«  * 
cistern  has  a«'!quired  the  temperature  of  the  furnace,  the  liquid  glass  is  rsmofad  oy 
means  of  a  copper  ladle  from  the  glass  pots  into  the  cistern,  care  being  taken  pal  » 
disturb  the  impurities  that  have  settled  to  the  bottom.  After  every  third  dip  t» 
copper  ladle  is  cooled  by  dipping  it  in  water,  or  it  would  melt. 

The  furnacebeing  again  completely  closed,  the  metal  is  allowed  to  settle  and  bsMj 
clear  in  the  cistern  for  suveml  hours.  In  order  to  ascertain  whether  the  glass  is  nm 
for  casting,  a  sample  is  withdrawn  by  dipping  the  end  of  a  pipe  into  the  molteD  MM 
and  judging  from  the  dependent  portion,  which  tikes  the  form  of  a  pear  or  tfltf* 
glass,  whether  it  has  the  correct  consistence  and  no  longer  oonlHins  any  air  taUk^ 
When  the  right  condition  is  attained  the  cistern  is  removed  from  the  furnace  and  A* 
metal  is  poured  out  upon  the  casting  surface,  the  construction  of  which  is  lupiiAUM 
by  fig.  194.  Only  occasionally,  in  the  production  of  very  large  plates,  are  two  ciiMn* 
of  metal  used  for  one  plate ;  but  then  theie  is  a  risk  that  it  will  be  of  two  diftnA 
shades. 

Whilst  the  metal  is  clearing  in  the  cisterns,  the  casting  table  and  annoiliBK 
oven  are  heated.  Formerly  the  casting  tables  or  plates  were  made  of  broiiM,M 
recently  they  have  been  made  of  cast  iron ;  usually  Uioy  have  a  tbickneai  of  about 
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8  inehee.  Experiments  have  been  made  with  casting  tables  only  2  inches  thick ;  but 
the  lesult  has  been  to  show  that  they  are  only  useful  for  casting  small  plates  contain- 
ing a  small  quantity  of  metal.  The  other  dimensions  of  the  casting  tables  vary  very 
much,  according  to  the  size  of  the  glass  plate  required.  In  the  larger  manufactories 
the  casUng  table  is  from  16  to  20  feet  long  and  from  10  to  12  feet  wide,  the  weight 
sometimes  exceeding  36  tons.  It  is  evident  that  the  casting  surface  must  be  perfectly 
even.  It  is  supported  upon  a  strong  frame,  the  feet  of  which  are  furnished  with  iron 
wheels  to  fadlitate  the  removal  of  the  table  to  the  annealing  oven. 

The  thickness  of  the  plate  of  glass  is  regulated  by  means  of  bronze  or  iron  bars 
(ttf  fig.  194)  corresponding  in  thickness  with  the  plate  to  be  cast  and  as  long  as  the 
table.  The  distance  at  which  they  are  set  apart  from  each  other  regulates  the  dia- 
meter of  the  plate.  In  order  to  spread  out  the  metal  equally  when  poured  upon  the 
table,  a  bronze  or  cast-iron  cylinder  (bd)  is  used,  16  to  24  inches  thick,  weighing  from 
a  ton  to  a  ton  and  a  half,  and  supported  by  and  rolling  upon  the  side  bars  \t  t).  It  is 
very  essential  that  this  cylinder  should  be  perfectly  round  and  free  from  air  holes  or 
other  flaws  upon  its  surface.  The  cylinder  is  worked  by  means  of  two  handles  which 
are  fixed  to  its  axis. 

When  the  cistern  is  taken  out  of  the  furnace  it  is  placed  upon  a  waggon  and 
wheeled  quickly  to  the  casting  tible ;  there  it  is  seized  by  the  tongs  (t,  fig.  104)  and 
Bospended  to  uie  chain  of  a  crane,  by  which  the  cistern  is  raiserl,  and  after  being 
carefully  cleaned  on  every  side  is  swung  at  a  distance  of  about  a  foot  above  the 
Cdflting  table  and  then  tilted  so  as  to  pour  the  metal  upon  the  table.  The  cylinder 
being  immediately  set  in  motion  distributes  the  metal  equally  and  skims  off  any  sur- 
plus glass  into  a  trough  of  water.  The  weight  of  the  cylinder  is  sufficient  to  carry  all 
surplus  glass  before  it,  and  there  is  thus  formed  between  the  cylinder,  table,  and  side 
bars,  a  perfectly  even  plate  of  the  thickness  of  the  bars.  At  the  conclusion  of  the 
operation  the  cylinder  and  bars  are  removed  and  the  plate  of  glass  is  pushed  forward 
into  an  annealing  oven.  In  the  meanwhile  another  cistern  of  metal  is  being  prepared 
for  a  fresh  casting;  but  in  order  to  avoid  overheating  the  casting  table  not  more  than 
six  plates  are  cast  without  intermission  upon  the  same  table.  If  a  plate  of  glass  be 
still  soft  when  it  is  removed  into  the  annealing  oven,  its  surface  easily  becomes  rough, 
and  this  has  to  be  removed  by  the  subsequent  polishing. 

The  annealing  oven  is  sidficiently  large  to  hold  six  plates.  It  has  usually  several 
openings  for  the  introduction  of  the  plates,  and  a  perfectly  level  sole  covered  with  fine 
nnd.  When  the  plates  are  put  in  the  oven  it  should  be  of  a  dull  rod  heat.  As  soon 
as  it  is  filled  with  plates  the  openings  are  closed  up  and  kept  so  for  several  days  until 
the  oven  has  so  far  cooled  that  the  glass  plates  can  be  taken  out  «nthout  danger. 
Latterly  the  annealing  ovens  have  been  improved  so  that  the  cooling  is  effected  in  four 
days,  which  renders  a  smaller  number  necmsary. 

The  plates,  when  taken  from  the  annealing  oven,  are  rough  and  opaque,  and  before 
they  can  be  used  they  require  to  be  ground  and  polished  until  they  appear  perfectly 
smooth  and  transparent.  Previously  to  this,  however,  the  plates  are  examined  closely ; 
those  without  flaws  are  trimmed  at  the  edges  with  a  diamond,  whilst  those  that  have 
flaws  are  cut  so  as  to  yield  the  largest  pieces  possible  with  the  least  loss. 

The  grinding  of  glass  was  formerly  done  by  hand,  but  now  machinery  is  used. 
A  large  plate  is  set  in  plaster  of  Paris  upon  a  firm  bench,  and  a  smaller  plate — to  be 
used  as  a  grinding  plate — is  set  in  a  similar  manner  on  a  large  stone  and  made  fast  in 
an  iron  frame.  Between  the  two  plates,  coarse  sand  or  crushed  fire  clay  and  water 
are  placed,  each  successive  quantity  of  sand  or  powder  being  finer  than  the  preceding, 
and  the  grinding  plate  is  then  set  in  motion  upon  the  underlying  pl;ite.  The  motion 
is  partly  rotatory  and  partly  reciprocating,  so  that  the  opposing  parts  of  the  plates 
ondergo  a  continual  change.  After  the  operation  of  grinding  with  sand  is  finished, 
the  nnd  is  rinsed  oflTwith  water  and  emery  is  placed  between  the  plates.  The  plates 
liaving  been  ground  perfectly  smooth  on  one  side  they  are  reversed,  and  the  other 
rides  are  ground  in  a  similar  manner. 

According  to  Newton's  method,  the  glass  plate  to  be  ground  is  so  fastened  by  means 
of  a  frame  upon  a  rotating  round  iron  plate  that  the  centre  of  the  glass  plate  lies  out- 
nde  the  centre  of  the  iron  plate.  The  iron  plate  being  rotated,  the  glass  plate,  which 
can  also  revolve  in  its  frame,  is  set  in  motion,  and  a  very  rapid  and  complete  polishing 
is  effected.     In  this  case  also  the  different  powders  are  used  with  water. 

The  polishing  of  ground,  but  still  dull,  glass  plates  is  also  carried  out  by  machinery. 
The  polishing  machine  consists  of  a  flat  board,  covered  on  the  under  side  with  thick 
felt  ^e  felt  is  impregnated  with  colcothar  or  ferric  oxide.  For  this  purpose  the 
fme  oxide  from  the  Nordhausen  acid  manufactories  is  sometimes  used  after  being 
purified  and  reduced  to  a  flne  powder. 

The  glass  plate  is  polished  until  it  has  a  perfectly  brilliant  surface ;  it  is  then  re- 
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nored  and  iraiih«d  with  tbtj  dilute  hjidcochlorie  add,  U  mnoTe  &n;  adheiiiig  gn«i 
or  poliahiDg  powdur. 

Optical  Gliss.— Tho  pwparatjoa  of  glua  for  optical  pupoMs  zaqaiM  t*  ta 
conducted  vith  tbo  grcHtcut  cars  iu  order  toobuin  thercqaidts  hoiiK^enM^irfftM- 
dam  from  colour.    Tho  furoace  used  by  BooUimpii  fur  tlui  puipoM  u  I  winomttt  h 

a  tbc'c         -^     ■•-    " 


votiol  Bod  horizontal  uctioaa,  bj  Sga.  IDS  ai 


month  of  irtteh  it  oppoaita  tJia  * 
■pacai  c  a  Btirring  iron  featcnad  am  • 
difficultly-fiiBible  cluy  cylindei  (i);  /  it  ■ 
tmtle  carrying  a  rollei'  upon  wHl  it 
BtuTcr  Torka  ta  and  &o. 

Tha  melting  pot  is  flrat  mads  lal  M 
then  placed  in  the  prerionaly  bwud  Bdt> 
ing  furnace,  and  its  opening  dond  wi&a 
double  lid.  ThefnnuceiBUenbraoj^M 
the  highest  poasible  temparatnrt  fix  Um 
hours,  and  vnen  tht  requind  haat  bai  hm 
obtained  the  lid  is  token  &om  thaop<ui| 
of  the  malting  pot  and  about  20  Us.  alii 
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flint  gtasa  nuxtuis  (p.  319)  intriHluead.  After  sn  hour  a  fiirthor  quantity  of  H  b 
is  added  ;  two  hours  nfterwanlii  Mi  Di'.  more,  and  this  is  continued  until,  in  fiwiStl 
10  hours,  the  entire  che^gB  Ima  L^i;ii  put  into  the  crndbls.  Aiter  4  honii  ftite 
beating  of  tho  closed  crauiblo,  the  stirrer,  prerioiiBlf  brought  to  a  red  haat.  It  intn- 
dnced,  and  narked  about  go  ne  to  produce  a  uniform  miztore  of  the  mttal  iti 
promote  tho  nscape  of  hH  nir  bubbles.  After  U  minut«a  the  stirrer  ia  takan  onUtbt 
fire-claT  cyhnder  being  teH  nt  the  eidu  of  the  pot ;  the  opening  <tf  tha  melting  pot  it 
again  closed  and  tho  fire  incrsaaed.  ¥iTe  hours  afteriFardB  the  metal  is  arain  rioM 
and  after  that  it  is  stirred  erery  hour.  A  laver  of  coal  about  a  foot  thick  u  than  Ml 
upon  ths  Are,  nnd  thp  temperature  being  thus  somewhat  reduced,  thetemabla  i>W 
fbr  tile  next  two  houra  to  allow  babhlea  to  escape.  By  the  end  of  this  time  the  hat 
again  rises,  and  it  ia  then  got  up  as  high  as  poasiblo  for  about  B  honn,  until  Ot 
met&l  HttaiuB  its  muiiiium  fluidity.  The  supply  of  nir  to  the  furnace  Is  then  dmiii 
and  the  motal  ia  contiuualiy  stirred  nntil  it  thickens  and  the  stirring  bwiti  to 
become  difficult.  The  stirrer  and  the  clay  eylinder  are  then  withdrawn,  tha  flosM 
perfectly  cloeed,  and  left  to  cool  gTadnaUy  for  about  8  days,  after  which  tiw  fli 
cmdble  ia  token  out. 

The  glass  generally  forma  ooe  mass,  whicli  is  polished  at  opporits  enda  in  vdtr  H 
ascertain  the  portions  that  are  aniform  and  free  from  flaws.  The  pure  poclioH  n* 
cut  out,  and  the  irregulw-ahaped  piecea— which  are  cut  aa  large  as  poasiUe— an  tiM 
heated  in  a  furnace  or  under  a  moffle  until  the;  bocoma  bd  soft  that  thqr  can  1* 
pnwed  into  bn>ni«  monlda ;  ths  flniahad  lanaes  are  a(l«rwaida  placed  in  an  iiiiiiiiii^ 

The  crown  Blaas  used  for  optical  purposes  (p.  319^  i»  made  in  lbs  same  msmw  M 
thefliot  glaas.  bntasit  is  less  foible  it  requires  a  higher  temperature,  andiitelW 
extent  more  difficult  to  make. 

The  crucible  ia  placed  in  the  furnace  aa  in  the  prepejntion  of  flint  glaii,  and  ilW 
being  brooght  to  a  white  heat  the  mixture  is  put  in  ao  aa  to  complete  the  chacp^ 
8  houra.  After  4  or  A  hours  the  stirrer  Ia  naed,  iinri  this  ia  done  again  ereij  1  hMM) 
the  heat  is  then  allowed  to  gu  down  for  2  liouns,  afterwards  increased  a*  nodi  ■ 
possible  for  7  hours,  the  metal  again  stirred,  and  after  closing  the  openings  oC  tki 
furnace  com^etely  it  is  allowed  to  cool  gradnally.  Ths  remainder  of  Uie  tnatMrti' 
tho  nma  u  with  fiint  glsai. 
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EkAMBL. — ^This  name  is  applied  to  the  vitreous  preparations  used  for  codting 
metallic  sorfitces,  either  to  protect  them  from  oxidation  or  for  decorative  purposes. 
Enamel  is  generally  rendered  opaque  by  the  addition  of  stannic  oxide,  and  sometimes 
it  IS  ooloareid  with  various  other  oxides.  It  is  applied  to  metallic  surfaces  in  the  state 
of  powder  and  is  then  melted  by  exposing  the  articles  to  a  suitable  heat  in  a  muffle  or 
kiln. 

In  the  production  of  ordinary  white  enamel,  crystal  glass  is  thoroughly  incor- 
porated with  a  mixture  of  ainc  oxide  and  lead  oxide  by  carefullv  melting  them  to- 
gether. The  oxides  are  prepared  by  mixing  an  alloy  of  tin  and  lead  in  proportions 
vailing  between  15  and  40  parts  of  tin  to  85  and  60  parts  of  lead  in  contact  with  air 
until  it  is  completely  oxidised.  The  whiter  and  more  opaque  the  enamel  is  required 
to  be  the  larger  is  the  proportion  of  tin  that  must  be  used.  As  however  a  large  propor- 
tion of  tin  oxide  affects  the  f^bility  of  the  enamel,  a  smaller  amount  of  sand  is  used 
in  tndi  case. 

The  most  diverse  mixtures  are  used  as  the  basis  of  coloured  enamels.  The 
principal  requisites  are  that  it  should  be  perfectly  colourless  and  more  easily 
nuibla  than  the  white  enamel  upon  which  it  is  to  be  laid.  The  following  are  two 
mixtuw  used  for  the  purpose : — 

Farts  by  wdght. 
Sand —  8 

Grrstal  glass 3  — 

Oaldned  borax 1  3 

Chalk —  1 

Cubic  nitre i  — 

Antimonic  oxide 1  — 

The  materials  used  for  colouring  enamel  are  in  general  the  same  as  those  already 
mentioned  as  being  used  for  colouring  glass. 

The  enamelling  of  gold  articles  is  effected  by  making  the  surface  to  be 
soamelled  as  rough  as  possible,  spreading  the  enamel  upon  it,  and  then  heating  in  a 
muffle  furnace  until  the  enamel  melts.  The  enamel  then  remains  closely  adherent 
to  the  roughened  surface. 

In  enamelling  dial  plates  the  enamel  powder  is  mixed  with  water  and  is 
spread  ^^gon  both  sides  of  thin  sheets  of  copper,  which  are  Uien  heated  in  a  muffle  fur- 
iace  untu  melted.    The  figures  are  afterwards  burnt  on  in  black  enamel. 

The  enamelling  of  kettles,  pipes,  and  other  utensils  is  carried  out  according 
to  different  methods.  One  consists  in  first  etching  the  smooth  metallic  surface  of  the 
object  to  be  enamelled  with  dilute  sulphuric  acid  ;  this  is  washed  completely  off,  and 
after  the  article  is  dried,  its  surface  is  smeared  with  a  solution  of  gum  arabic  and 
iprinkled  with  the  enamel  powder,  and  it  is  heated  in  a  muffle  furnace  to  about  100° 
or  120^.  It  is  next  removed  to  another  muffle  furnace  and  there  heated  so  strongly 
u  to  melt  the  enamel,  the  operation  being  watched  through  a  hole  in  the  muffle. 
Lsstlv  it  is  slowly  cooled  in  an  annealing  oven.  Should  the  enamel  surface  be  imper- 
fect the  article  is  again  coated  and  rebumt  The  mixture  used  by  Paris  consists 
of.-— 

Flint  glass 130 

Sodium  carbonate 20*5 

Borade  add 12 

Thm»  ingredients  are  carefully  melted  together  in  a  crucible,  the  enamel  poured 
OBt,  and  after  cooling  crushed  and  ground  to  a  fine  powder. 

According  to  a  second  method  the  iron  sur&ce  is  first  covered  with  a  ground 
eoating  and  then  with  an  outer  coating  of  the  actual  enamel.  The  object  of  the 
gioona  coating,  which  must  possess  a  certain  degree  of  pliability,  is  to  prevent  the 
Nparation  of  the  actual  enamel  throuffh  unequal  expansion  caused  by  heating. 

Hie  following  are  the  ingredients  n>r  the  ground  coating,  according  to  Heercn : — 

I.  n. 

Quartz  powder      ........       30  30 

Borax 16-5  25 

White  lead  3  — 

Powdeired  feldspar —  80 

These  ingredients  are  all  brought  into  as  fine  a  powder  as  possible,  and  melted  to- 
gsthv  in  a  lar^  Hessian  crudble  |>laced  in  a  reverberatory  ftimace.  At  the  bottom 
of  the  cmdble  is  a  hole,  which,  until  the  complete  melting  of  the  mixture,  is  stopped 
vith  a  plug  of  quartz  powder.  As  soon  as  the  fusion  is  accomplished  the  plug  is 
irivvn  in  by  an  iron  implement,  and  the  melted  mass  run  into  a  vessel  placed  beneath, 
iad  filled  with  cold  water.    It  thus  becomes  divided  into  small  pieces  and  is  more 
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eaaily  gronnd.     To  the  product  obtaiood  ficom  mixture  I  is  added  the  fcdlowiig  MX- 

tore  Iff,  or  to  mixture  II  the  mixture  Ila : — 

la.  no. 

Quartz  powder 9  — 

Pipeclay ^  lOj 

Feldspar —  6 

Magnesia  alba 3*5  If 

The  following  are  two  mixturos  umkI  for  tlic  uutvr  coating,  the  essential  difbnM 
between  them  being  thut  the  first  contains  no  lead  : — 

Quartz  powder 374  '7^ 

Borax 27^  24 

Tin  oxide 80  25 

White  lead —  16 

iSodium  carbonate 15  11} 

Saltpetre 10  10 

Magnena  alba 5  6 

The  mixture  is  melted  and  broken  up  in  the  same  manner  as  that  for  the  gRwi 
coating,  and  is  then  ground  to  a. fine  powder  with  the  following  addition: — 

Quartz  powder 

Tin  oxide 

Sodium  carbonate 

Magnesia  alba *    .  .        . 

In  the  applicati(m  of  the  enamel  the  art.icle8  are  first  treated  with  dilute  iiilpkane 
acid,  and  afterwards  scoured  bright  with  sand,  waslied  and  dried.  The  powdff  fif 
the  /rrrmnd  coating  is  then  made  into  a  thin  paste  with  water  and  laid  on,  dried  ii  t 
furnace,  and  afterwards  fired  in  the  usual  way  in  a  muffle.  Upon  this  basil  the  oris 
coat  iH  laid  and  dried  in  the  same  manner. 


SOLUBLE  GLASS  OR  WATER  GLASS. 

This  material  is  an  alkaline  silicate  containing  relatively  to  silica  a  UugerpnpV- 
tion  of  alkali  than  ordinary  glass. 

Compositioii.  -  There  aro  two  kinds  of  water  glass:  potash  water  glatf,  vliick 
consists  of  potassium  silicate,  and  soda  water  glass,  consisting  of  sodium  silicita. 

Soda  water  glass  contains  from  72  to  76  per  cent,  of  silica,  and  potash  water  gta^ 
from  64  to  69  per  cent. 

cniaraoters. — Water  glass  wlieu  pure  is  colourless  and  transparent,  but  ii  ntf* 
goncrally  of  a  yellowish  or  brown  colour,  which  is  due  to  impurities.  It  is  aoivMt  u 
water,  and  the  solution  when  ovaporatc<l  leaves  the  silicate  in  the  form  of  a  gltf? 
film  upon  the  surface  to  which  it  has  been  applied. 

Preparatioii. — Fuchs  recommended  for  the  preparation  of  water  ^atf  tb 
following  proportions  of  ingredients,  which  arc  melted  together  in  a  crucible: 

Potash  Soda 

wtitcr  gl:t  u-<'  wntCT  irlMi 

Quartz 45  4o  lOii 

Potash 30  —  — 

Calcined  sodi —  23 

Sodium  sulphate —  —  60 

Wood  charcoal 3  3  I'O 

On  exposing  the  melt(;d  mass  for  a  short  time  to  the  iiction  of  the  air.  thenk> 
that  have  not  been  converted  into  silicate  effloresce  and  may  be  washed  away.  Wkff 
required  for  use  water  glass  is  dissolved  in  hot  water. 

Schiir  gives  the  following  recipe  for  preparing  water  glass  : 

Soda  FotMh 

water  gloiu  wmtcr  glaa 

White  sand  (containing  90  per  cent.  SiO,).          .        .  180  180 

White  Jarrow  soda  (62  per  cent.)       ....  100  — 

Ordinary  potash  (90  per  cent.) —  126 

Powdered  wood  charcoal 3  3 

^Vator  glass  may  also  bo  prepared  in  the  wet  way,  by  dissolving  siliceous  infoionl 
earth  in  a  boiling  solution  of  caustic  soda,  having  a  specific  gravity  of  1*16.    In  0i99 
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to  Mpanto  from  the  solution  organic  Bubstance  derived  from  the  infusorial  earth,  a 
mall  quantity  of  lime  water  should  be  added  to  it.  The  solution  is  then  allowed  to 
settle,  IS  afterwards  decanted,  the  clear  liquid  evaporated  to  a  syrupy  consistency,  and 
the  solid  residue  dried  in  the  air. 

Kuhbnan  prepares  water  glass  by  heating  together  caustic  soda,  or  potash  and 
broken  flints,  m  a  suitable  digester,  under  a  pressure  of  7  atmospheres,  until  the 
liquid  is  saturated  with  silica. 

Ukes. — Water  glass  is  used  for  painting  over  plastered  walls,  both  in  the  interior 
and  exterior  of  buildings.    Three  coats  are  generally  given. 

For  this  purpose  pigments  are  often  mixed  with  the  water  glass,  such  as  chalk, 
ochre,  green  earth,  etc  A  light  blue  colour  is  given  by  the  addition  of  ultramarine 
and  chalk  or  heavy  spar.  By  penetrating  into  the  porous  sur&ce  of  the  plaster,  and 
drying  in  it,  or  perhaps  combining  chemically  with  the  lime,  the  water  glAAs  gives  a 
shiny  appearance  to  the  surface,  which  not  onlv  serves  to  keep  it  dean,  but  admits  of 
its  being  washed  even  with  soap  and  water.  In  choosing  pigments  for  mixing  with 
water  glass,  care  must  be  taken  to  avoid  using  anj  that  would  cause  decomposition, 
like  zinc  white,  white  lead,  chrome  yellow,  Prussian  blue,  mineral  blues,  Schwein- 
furt  green,  etc 

Water  glass  is  also  used  for  painting  over  limestone  that  is  liable  to  disintegrate. 
Chalk  as  well  as  porous  limestone  is  rendered  very  hard  and  weather  proof  by  water 
glass,  and  the  sui&ce  becomes  smooth,  but  at  the  same  time  of  an  undesirable  yellow 
colour. 

For  coating  wood,  the  solution  of  water  glass  should  be  applied  only  as  a  thin  solu- 
tion in  quantity  sufficient  to  penetrate  the  wood ;  otherwise  it  is  very  liable  to  peel  ofl; 
owing  to  the  slight  adhesion  between  wood  and  water  glass.  Wood  thus  treated  with 
water  glass  becomes  darker  in  colour ;  it  does  not  ignite  readily  when  exposed  to  the 
action  of  flame,  although,  when  thrown  into  a  fire,  the  inner  portion  becomes  entirely 
carbonised. 

Water  glass  adheres  very  readily  to  iron  and  other  metals,  protecting  them  from 
nst,  and  even  from  oxidation  at  a  high  temperature,  on  which  account  it  is  useful  for 
painting  iron  stoves  and  stove  pipes.  When  mixed  with  pigments,  it  is  also  used  for 
painting  glass. 

Water  glass  is  useful  for  cementing  glass,  porcelain,  and  similar  substances.  For 
this  purpose  the  pieces  to  be  united  are  heated  up  to  the  temperature  of  boiling  water, 
the  edges  of  the  pieces  to  be  united  are  then  moistened  with  a  hot  concentrated  solu- 
tion of  water  glasis,  pressed  together,  and  bound  round  with  string.  When  the  water 
glass  has  thoroughly  dried,  which  in  the  case  of  small  objects  takes  a  few  days,  and 
with  pieces  about  an  inch  thick  about  fourteen  days,  the  cement  attains  such  hardness 
that  tlie  objects  repaired  may  be  used  as  before. 

In  calico  printing  water  glass  is  used  for  fijung  ultramarine. 


POTTERY  OB  EARTHENWARE;  PORCELAIN,  ETC. 

The  art  of  making  vessels  of  clay  is  one  of  the  most  ancient  branches  of  industry, 
and  although  very  great  improvements  have  been  made  at  various  times  in  matters  of 
detail,  the  manufacture  of  earthenware  is  still  conducted  essentially  in  the  same 
manner  that  it  was  originally.  The  fundamental  facts  upon  which  this  manufacture 
ii  based  are  to  be  found  in  two  of  the  characters  of  the  aluminous  silicate  which 
oernrs  naturally  as  clay,  viz.,  the  hardening  it  undergoes  when  heated  to  a  sufficiently 
high  temperature  and  the  plasticity  it  possesses  when  mixed  with  water.  In  these 
aod  other  respects  the  various  kinds  of  clay  differ  very  considerably  on  account  of 
diflerences  in  their  chemical  composition,  and  consequently  it  is  necessary  to  make 
niitable  allowance  for  such  differences,  either  by  modifying  certain  operations  or  by 
adding  to  the  clay  other  materials ;  but  in  all  cases  the  manufacture  of  earthenware 
etmsists  in  preparing  an  argillaceous  dough  or  paste  of  such  a  consistence  that  it  can 
be  wrought  into,  and  retain  the  various  shapes  required,  and  then  subjecting  the 
articles  made  from  it  to  such  a  degree  of  heat  as  will  give  them  the  desired  haiSness 
and  coherence.  In  all  cases  the  selection  of  a  suitable  description  of  clay  is  a  most 
important  point,  both  as  regards  the  nature  of  the  articles  to  be  made,  and  the  par- 
ticular treatment  to  be  adopted  in  the  manufacture. 

The  purer  varieties  of  clay,  consisting  almost  entirely  of  aluminum  silicate,  are 
either  white  or  of  a  slight  greyish  tint,  and  they  are  extremely  refractory  even  at  the 
highest  temperatures.  Many  varieties  of  clay,  however,  contain  besides  aluminum 
•ilieat«  other  silicates  or  oxides,  etc.,  which  make  the  clay  more  susceptible  to  the 
iofliMDce  of  heat^  and  sometimes  even  fusible,  while  at  the  same  time  these  substances 


884 


CLAY. 


often  oommaDicate  oolonr  to  the  day.  The  commoner  kindi  are  generally  of  a  Iieowb, 
red,  or  yellow  colour.  The  composition  yaries  considerably,  as  iSiown  by  the  fitUov^ 
ing  table. 


Poole 

Bandy 

Yellow 

Pipe 

Fire 

FnUer't 

Qhioa  diqr 

Locality     . 

Otoy 

Clay 

Clay 

Olay 

Olay 

Clay 

Barth 

— 

— 

— 

— 

— 

— 

— 

Oora- 
wan 

HaDs 

Analyst 

— 

Weston 

— 

Brown 

— 

Tookey 

— 

— 

— 

Silica 

49-44 

48-99 

66-68 

68-07 

63-66 

6610 

68-10 

46-82 

89-62 

Alumina 

84-26 

3211 

2608 

27-38 

8200 

22-22 

1000 

39-74 

46-00 

Lime 

1-48 

0-48 

0-84 

0-60 

0-40 

0-14 

0-60 

0-86 

0-07 

Magnesia 

5*14 

0-22 

trace 

trace 

trace 

018 

1*26 

0-44 

8-82 

Ferric  oxide   . 

7-74 

— 

— . 

9-76 

— . 

_^ 

Ferrous  „ 

— 

2-84 

1-26 

8-80 

1-36 

1-92 

— . 

0-27 

_ 

Alkaline  bases 

— 

8-31 

— 

— 

•18 

trace 

1 12-67 

_^ 

Water    . 

1-94 

11-96 

6-14 

10-80 

12-08 

9-28 

24- 

10*00 

100- 

99-36 

100- 

9966 

99-49 

9902 

98-60 

— 

— 

The  effect  of  heat  upon  clay  difbrs  according  to  the  amount  of  lime  and  ferric 
oxide  or  ferrous  oxide  it  contains ;  those  kinds  containing  but  very  little  of  these  sub- 
stances are  known  as  fire  clay,  on  account  of  their  capability  of  bearing  yezy  high 
degrees  of  heat  without  melting,  and  they  are  used  for  making  crucibles,  glass  pots, 
and  the  bricks  for  building  furnaces,  etc  Iron  is  a  frequent  constituent  of  oli^, 
either  in  the  state  of  silicate  or  as  oxides,  and  it  is  to  one  or  other  of  these  substances 
that  the  red,  blue,  or  yellow  colours  of  many  kinds  of  clay  is  due.  When  clay  dT  this 
kind  is  subjected  to  action  of  heat,  and  especially  when  it  is  brought  into  contact 
with  carbonaceous  vapour  from  the  fuel  used,  there  is  a  possibility  of  its  melting 
in  consequence  of  the  formation  of  a  comparativAly  fusible  ferrous  silicate.  The 
presence  of  lime  as  silicate  or  carbonate  has  a  similar  influence,  though  in  a  less 
degree.  Clay  containing  so  much  iron  as  the  Fuller's  earth  in  the  above  table  would 
be  too  readily  fusible  to  use  for  pottery  ware,  and  even  when  the  amount  is  less 
care  must  be  taken  in  firins  the  articles  made  with  such  clay  that  the  temperature  is 
not  raised  too  high.  For  this  reason  it  is  only  the  purer  kinds  of  clay,  such  as  that 
occurring  at  Poole  and  other  parts  of  Dorsetshire  and  Devonshire,  that  are  suitable  fbr 
the  manufacture  of  the  better  kinds  of  earthenware,  while  in  the  manufacture  of 
porcelain  only  the  finest  kind  of  clay,  known  as  kaolin  or  china  clay,  can  be  used. 

Clay  frequently  contains  calcium  carbonate  or  magnesium  carbonate,  and  is  then 
termed  marl,  which  is  distinguished  as  aluminous  or  calcareous,  according  as  the 
clay  or  the  carbonate  preponderates.  These  materials  are  often  used  in  the  manu- 
facture of  earthenware,  bricks,  etc  The  mixture  of  clay  with  sand,  gravel,  etc, 
which  frequently  occurs  in  the  more  recent  geological  formations,  and  is  km>wn  by  the 
name  of  loam,  is  used  chiefly  for  brick-making. 

The  colour  of  clay  as  it  occurs  naturally  is  sometimes  due  wholly  or  in  part  to  the 
presence  of  organic  substances,  and  in  such  cases  the  clay  frequently  bums  white,  un- 
less it  contains  iron  in  addition. 

When  clay  consisting  only  of  pure  aluminum  silicate  is,  in  technical  language, 
burnt,  or  exposed  to  the  influence  of  a  temperature  sufficiently  high  to  give  ituie 
maximum  degree  of  coherence ;  it  contracts  and  the  mass  becomes  much  denser.  Since 
this  shrinking  of  clay  in  burning  would  have  the  effect  of  distorting  vessels  made 
of  it  or  causing  them  to  crack  when  fired,  it  is  necessary  to  counteract  the  contrac- 
tion of  the  clay  by  mixing  with  it  a  sufficient  proportion  of  some  other  material  which 
is  not  susceptible  of  contraction  when  intensely  heated.  Silica  is  the  substance  used 
for  this  purpose  either  in  the  state  of  sand  for  the  coeoser  descriptions  of  clay  ware,  or 
for  the  better  kinds  of  ware  as  finely  divided  fiint  or  quartz.  The  day  used  in  the 
manufacture  of  porcelain,  and  known  by  the  name  of  china  clay,  generally  contains, 
besides  aluminum  silicate,  a  considerable  amount  of  finely  divided  silica.  In  order  to 
prevent  the  shrinking  it  is  also  customary  in  preparing  the  clay  for  moulding  to  mix 
with  it  a  quantity  of  broken  fragments  of  the  same  kind  of  ware  that  is  to  be  made  or 
some  previously  burnt  clay,  etc. 

Although,  by  the  operation  of  b  ur  n  i  n  g,  clay  is  rendered  permanently  coherent,  and 
its  texture  is  thus  so  far  altered  that  it  is  no  longer  susceptible  of  disintegration  or 
becoming  soft  when  in  contact  with  water,  it  is  still  so  porous  that  it  is  capable  of 
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■bKrbiDg  water  or  otbai'  liqnidi,  and  btbd  all owb  liquids  topecwlaU  Uironghiti 
For  many  of  the  porpo»M  to  irhicb  TWoalB  of  elaj  -wato  are  appliad  thU  cbi 
wonld  b«  verj  objectionable;  consequently,  it  is  neceBsiryto  rendor  the  Borfaces  of  the 
aniclee  impermBBbte,  aod  this  is  done  by  coating  them  with  a  thin  layer  of  eiliceooi 
nutsrial  tlut  is  mneh  more  readily  fosilile  than  the  day  of  vhich  the  van  ia  madr. 
Ibis  coBtine  is  generally  appliad  after  the  ware  has  been  paitisUy  bnmt,  and  when  it 
ii  fired  a^ain  the  iiinbU  cootjng  malts,  forming  npon  the  rorface  of  the  articles  a 
■mooth  Titieons  film  called  the  glaze. 

Another  method  of  rendering  earthenware  articles  imperrians  ii  to  mix  intimately 
with  the  clay  another  mbslance  which  ia  much  more  fuaible,  and  at  the  temperatnra 
to  which  the  ware  is  eipoeed  in  firing  it,  this  admixture  becomes  sufficiently  soft  to 
permcAts  the  particles  of  clay,  so  aa  to  cement  them  together  and  render  the  masi 
Mnai-vitreona  or  even  translucent  in  the  ease  of  the  finer  kinds  of  ware,  such  as 

Fottaiy  ware  presents  very  grc&t  difference*  of  ehai*ct«r  according  to  Che  nature 
of  the  raw  material  used  in  the  mann&cture  and  the  treatment  to  which  it  has  bewi 
iubmittad,  and  while  the  difilerence  between  some  kinds  is  considerable,  it  is  in  othcc 
eases  so  ilight  that  no  essential  diatinctioo  can  be  recognised.  There  is,  however,  one 
fiatare  in  regard  lo  which  all  varieties  of  potteiy  ware  may  be  distibgoithed  as  be- 
longJDg  to  one  or  other  of  two  classee. 

1.  Thosekindaofwarein  which  the  teitnro  of  the  body  ia  similar  lo  that  of  bnmt 
day,  and,  independently  of  Che  glaie  by  which  the  sarface  is  rendered  imperrioos,  th* 
badyreDuios  porons  after  burning.  This  class  comprises  the  commoner  kinds  ot 
farthoDware  or  terra  cotta,  commoa  roofing  tilaa.  bricks,  etc. 

3.  Those  kinds  uf  ware  in  which  the  texture  of  the  body  is  thronghont  stony  or 
paitialEy  TiCreona,  in  conuqueiice  of  Che  more  inlimate  aggregation  of  its  particlea  by 
the  Boftening  of  the  mass  dnriDg  the  buroing.  This  claas  conipriaefl,  besides  porcelain, 
sersral  of  the  finer  kinds  of  earthenware  nominally  dietinguiahed  as  stoue  china, 
Wedgwood  ware,  stoneware,  etc..  and  some  of  the  better  kinds  of  bricks,  tilea.  etc 
prevent  characters  of  a  similar  nature. 

Under  the  general  name  of  earthenware  eeveral  raiielies  of  pottery  are  comprised, 
in  all  of  which  the  body  has  an  earthy  texture  and  ia  porous  and  opaque.  Delft  and 
KMoUcd  WBRS  are  of  thie  kind,  In  the  finer  kinds  of  earthenware  the  body  is  denser 
and  harder,  besides  being  to  some  extent  vitrified.  The  beet  kind  is  called  iron  sCone 
thin  a.  and  the  wares  belonging  to  this  class  present  almost  innumerable  differences  of 
degree.  The  fine  stoneware  commonly  called  Wedgwood  is  a  still  cloHer  approzimA- 
lion  to  porcelain,  and  commoo  stoneware  is  of  the  same  character  essentially,  bnt  ia 
ma<le  of  coarser  material  and  is  lees  carefully  prepared. 

The  following  table  of  analysce  of  different  kinds  of  pottery  ware  will  lerre  to 
ritow  the  differences  that  exist  between  thorn  in  regard  to  compontion  : 
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4907 

ie-19 

1801 

0-82 

Z-82 

_ 
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MMolica    .         . 
Italian       .         . 

4800 

17-SO 

20-12 

1-17 

a-7.'i 

9-46 
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16-SO 

22-40 

0-17 

3-JO 
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18-48 

1764 

0*7 

3-04 

1896 
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tNovers. 

61-fiO 

12-&9 

16-24 

Vlfi 

3-41 

610 

479e 

lfi'02 

2U'24 

i-l>7 

12-27 

lB-22 

U-9fl 

0  71 

I'U 

6-60 

Common  Bnglikh  waK  . 

Ii8-fi6 

2fll3 

1-24 

Chineae  porcelain,  inferior 

i)S'S6 

29-24 

i-eo 

„         superior    . 

71-04 

22-4S 

3-82 

368 

&riin         .,         .                 . 

72-96 

24-7B 

race 

1-33 

Engli-h       ..         No.  1 

38-88 

21 -IS 

1006 

26-44 

a-14 

No.  2 

40-eo 

24'16 

1422 

0-43 

15-32 

fi'2S 

No.  3 

38-68 

•24-86 

1418 

031 

IS'38 

S79 

Stnneware  Vanihall     . 

74-(M) 

a7-»4 

0-60 

0-17 

JOO 

i-oa 

Frechen 

04-01 

24 -M 

056 

0-92 

8-eo 

1-43 

Wedgwood  , 

66-40 

2600 

101 

Olo 

612 

_-_ 

- 

0-20 

The  analyms  at  the  top  of  the  table  show  ChaC  the  aeveml  kinds  of  ware  which 
they  represent  are  essentially  different  from  true  porcelain,  such  as  that  of  Giina  or 
Gemany  ;  and  the  presence  of  undecomposi'd  carbonate  shows  chat  tliey  were  fired  at 
t  ooderatfl  lieat.  Ordinary  Englinh  enrthcnwHre  ia  intermediate  between  this  kind 
of  warr  and  true  porcelain,  and  this  differ*  &om  stoneware  chiefly  by  reason  of  the 
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piiritj  of  tht  materiil  it  ii  made  bom.    Engtiifa  poicelsii]  u  pccnliar  ia  coritUo? 
uil'-'iiUD  phtfrphftte  ■»  sn  e»*ertial  constitnent, 

Cinta-is  PiiTTKBT  Wabt-— The  elaj  used  for  makii^  uticia  of  this  dMCr^tka ■ 
CATnfiilly  H'tL->;ti.-l  Hiid  prep&nd.  Fhieflj  bj  meohanical  maaru,  in  inch  ■  nuBDn  u  M 
iiitre  n  TFiT  uuifbrm  textnn:  uid  dnndt-ralle  pLutidtv.  The  ituinDg  at  ihf  ulidM 
iii  ftrionae-i  apc-D  tbe  potter's  laUit,  the  construotioD  of  whicb  ia  npnwoted  bjr  Ig.  llf. 


Fio.  197. 


It  »inhnt*  of  BD  npright  ihift  a  b,  tho  lower  and  of  which  nina  in  a  *t«p  Snd  la 
tho  frame  of  tho  laMa  (c),  tlirongh  which  the  head  of  the  ■bufl  projeeta  into  a  UoA 
(n)  (Ailed  thn  hisd  if  lh<-  Inthe.  The  upright  >biift  is  fltt«>l  with  a  pnllej  {i)  hanH 
M-Toral  grooves  for  rK'eiving  the  driring  coid  paaaing  orer  the  gaide  piille*(/)  aa 
rhe  wheel  {t),  to  which  motion  is  communicated  by  the  winch  (r)  and  the  hiad  «  tkt 
Lithe  (a)  is  itiQs  made  to  rerolve  rspidl.T.  The  workmno  silf  upon  the  bench  (t)  vi 
pLuuDg  H  lump  of  prtpnred  claj  upon  [he  head  of  the  Inthe  while  it  ia  rerahil^ 
moaldx  it  with  liia  h]ind9  into  (badeairfd  form.  This  openitian  istcnnad  thrOwiB|> 
In  large  wiirkn  the  litheii  ugod  for  ahapiug  clsfwnro  arc  of  improred  DOiBtiBctiat 
and  lire  otli-'n  driven  by  Et'ani  power ;  bat  m  principle  they  do  not  law  iiliillr 
diffecfrom  the  moat  primitive  form  of  pottpcs  wheel  teprcBonted  abore,  which  kl 
bcD  in  use  from  the  rem oteKt  peri ih!.  After  Ihe  vessels  hnre  been  moiildad,  the;  ni 
thoroughly  drii-d  in  con-red  sheds  to  which  the  air  lias  free  access,  and  aianitJMS 
the  shuds  are  wanned  by  floea  under  tho  floor. 

On  nceount  of  the  fu!<ibilitj  of  the  clay  UBcd  in  mnking  the  coarser  kind*  of  potb^ 
ihey  are  burnt  nt  a  companitivety  low  tcnii«mtuic.  The  kilna  used  for  the  Ili^ 
lire  cftcn  very  rudely  constructed  Lrick  chambers  heated  by  n  fire  at  the  side  ;  soBf 
traits  long  horizonwl  rtvcrbemtorv  furnaces  are  used,  the  construction  of  which  h 
reprcMutod  by  fig.   !9B.     T)ic  cLiiml  er  (4)  in  wtiich  the  articles  to  be  hnmt  m 


plnced  is  baaCed  by  thn  hot  gas  passing  traia  the  flroplace  (a)  through  the  pwfto  ' 
Htol  wall  (o  a)  which  eeparatra  the  Are  from  this  rhumbLT.  The  En^  (fnile  stopaftM  i 
Ihu  funince  door  (c)  down  towards  the  kiln  to  fiicilitiitc  the  firitig  jind  (tolup^Md 
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ths  door  can  be  xaiwd  by  means  of  the  weight  (o)  attached  to  a  chain  passing  over  the 
puilm  (»  n).  The  chimney  is  famished  with  a  damper  (d)  for  the  purpose  of  regulat- 
ing the  draught.  The  hollow  space  (p)  beneath  the  firing  chamber  serres  to  keep  the 
bn^work  dry,  and  at  the  side  of  the  chamber  there  are  several  smaller  flues  for  the 
nme  puroose.  The  firing  chamber  is  charged  and  emptied  through  the  archway  (b), 
which  is  Diieked  up  when  the  kiln  is  in  use. 

^  In  many  instances  common  pottery  is  used  without  being  glazed.  When  it  is  re- 
quired to  be  impervious  the  glase  is  produced  either  by  dusting  the  moulded  articles 
while  moist  witQ  a  finely  powdered  material  consisting  of  dav,  sand,  and  litharge  in 
inch  proportions  as  to  form  a  very  fusible  lead  and  alumina  silicate  when  the  ware  is 
fired.  A  coloured  glase  is  produced  by  adding  to  the  mixture  various  metallic  oxides. 
The  glaze  applied  to  such  ware  as  is  known  by  the  terms  fayence,  majolica,  delft,  etc., 
is  often  more  of  the  nature  of  enamel,  and  is  made  opaque  to  conceal  the  dark  colour 
of  the  body.  Stannic  oxide  is  used  for  this  purpose  in  preparing  the  glazing  material, 
together  with  some  lead  oxide  to  give  the  requisite  fusibility.  The  two  metals  are 
generally  alloyed  together  in  the  proportion  of  three  parts  lead  to  one  of  tin,  and  then 
converted  W  roasting  into  the  state  of  oxide,  which  is  mixed  with  various  proportions 
of  sand,  soda  ash,  or  common  salt,  and  sometimes  the  decomposed  felspar  known  as 
Cornish  stone,  and  the  mixture  is  heated  in  a  reverberatory  furnace  until  it  begins  to 
melt  and  becomes  pasty  or  fritted,  as  it  is  termed.  The  agglutinated  material  is 
then  thrown  into  water  and  finely  ground  to  make  it  fit  for  applying  to  the  ware. 

Sometimes  the  glazing  material  is  madointo  a  paste  with  water  and  is  applied  to  the 
nrfiioe  of  the  moulded  vessels  in  that  condition,  or  it  is  mixed  with  sufficient  water 
to  form  a  thin  sludge  into  which  the  partially  fired  articles,  termed  biscuit  ware, 
ire  dipped.  This  latter  plan  of  applying  the  glazing  material  is  the  best,  but  it  is 
also  the  most  expensive,  since  it  involves  the  necessity  of  firing  the  ware  twice,  and  is 
therefore  seldom  adopted,  except  in  making  superior  kinds  uf  earthenware. 

The  better  varieties  of  glazed  pottery  witn  a  porous  body,  which  are  somewhat 
TSguely  termed  earthenware,  are  generally  made  either  with  a  mixture  of  clay,  marl 
and  sand,  or  with  a  paste  composed  of  plastic  clay  and  powdered  quartz  or  flint.  In 
the  former  case  the  ware  when  fired  is  soft,  and  contains  so  much  undecomposed  earthy 
carbonate  that  it  efiervesces  with  acids ;  in  the  latter  case  the  ware  is  much  harder  and 
more  compact.  The  temperature  requisite  for  firing  the  body  of  fine  earthenware  is 
higher  than  that  requisite  for  common  ware,  and  it  is  much  higher  than  the  glaze  will 
bear ;  consequently  articles  of  this  kind  are  always  fired  twice,  in  the  first  instance  to 
render  tlie  body  sufiSciently  hard  and  compact,  and  afterwards,  when  the  glazing 
material  has  been  applied,  sufficiently  to  melt  the  glaze  uniformly  over  the  entire 
luifiice  of  the  articles.  In  firing  these  kinds  of  earthenware  the  articles  are  never  ex- 
posed to  the  direct  action  of  the  fiame,  but  are  enclosed  in  cylindrical  envelopes  called 
'aggers,  made  of  refractory  material,  and  these  are  piled  up  one  upon  the  other  in  the 
kiln.  Slabs  of  clay  are  sometimes  used  instead  of  saggers  for  common  wares,  and  they 
are  arranged  round  the  articles  to  be  fired  so  as  to  protect  them  from  contact  with  the 
flame.  The  articles  require  also  to  be  separated  horn  each  other  by  means  of  trian- 
gular bars  of  hard  burnt  clay,  so  as  to  prevent  them  from  sticking  together  in  conse- 
quence of  softening.  This  precaution  is  necessary  even  in  the  first  firing  in  the  biscuit 
kiln,  and  it  is  still  more  so  in  the  second  firing  when  the  glaze  is  burnt  on.  The 
material  used  for  producing  the  glaze  is  a  mixture  of  felspar  or  Cornish  stone  with 
alkalies,  borax  and  lead  oxides.  The  glaze  is  either  colourless  and  transparent,  or 
when  the  body  of  the  ware  is  dark  coloured,  it  is  made  opaque  by  the  addition  of 
aUnnic  oxide,  and  is  sometimes  coloured  with  other  metallic  oxides. 

The  deoorstion  of  the  ordinary  varieties  of  earthenware  is  generally  efiected  by 
transferring  to  the  surface  of  the  biscuit  ware  an  impression  of  the  intended  design 
that  has  been  printed  upon  thin  paper,  with  ink  composed  of  suitable  pigments  and 
linseed  oil  varnish.  The  paper  is  then  washed  off*,  leaving  the  design  attached  to  the 
aorfaee  of  the  ware,  and  it  is  burnt  in  by  a  special  firing  operation.  The  chemical 
characters  of  the  pigments  used  for  this  purpose  must  be  such  that  they  will  resist  not 
enlv  the  infiuence  of  heat  in  burning  them  in,  but  also  that  of  the  glaze  material 
which  is  generally  applied  to  the  ware  afterwards.  For  blue,  cobalt  oxide  is  used,  and 
Tsrions  shades  are  produced  by  mixing  with  it  zinc  oxide ;  for  green,  chromous  oxide 
or  cnpric  oxide  is  used;  for  yellow,  uranium  oxide,  lead  chromate,  ferric  oxide,  or 
potamum  antimonate ;  for  red,  cuprous  oxide  or  ferric  oxide ;  for  violet  and  rose- 
colour,  purple  of  cassius ;  for  pink,  chromium  stannate  and  calcium  stannate.  Some- 
tiaei  the  designs  are  printed  upon  the  glaze  after  coating  it  with  a  layer  of  varnish. 

Ordinary  earthenware  is  not  often  decorated  otherwise  than  by  printing,  and  it  is 
only  the  superior  kinds  that  have  designs  painted  by  hand  in  the  manner  that  fine 
pottery  ware  like  porcelain  is  ornamented.  Brilliant  metallic  films  called  lustres 
U9  sometimes  produced  on  the  surface  of  ordinary  oartbenware  by  applying  dilute 
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solDtioiu  of  nutBllic  salU  and  nftcnraida  exposing  tho  articlei  to  tha  radadig  Mb* 
(if  hot  nh  ooDtunin^  Bmcike,  irbtcli  has  the  effect  of  redudng  lb«  netftL 

Tfasbiln  bmI  for  firing  thin  kiod  of  potterj  ii  raprcsentnl  bv  fisa.  IM.IKM. 
202.    Thft  bodjof  tht  kiln  is  a  rfUndriisl  domed  chamber  (d),  Uie  intarioiaf  fU 


Fio.  189. 


Fm.  201. 


Eio.  202. 


(I)  eommuniMtM  vith  the  firepIacM  (/)  of  the  fnmacn  (as)  b;  the  nrtietl  ti 
hoiuontol  Hqm  (y  jf),  shDim  on  a  larger  acnle  ia  fig,  202.  The  kiln  is  miroaidri  If 
n  ronical  towpr  (ti)  called  the  howrll,  into  whkh  W 
hot  gu  cmapes  from  the  kiln  through  the  email  ajMtM 
(eee)  in  the  domD  nnd  ia  dischargi'd  from  thelliiat(a) 
or  lunettp  of  the  howell.  Pig.  2O0  in  a  honnmtil  (ha  < 
the  kiln  (nt  the  line  dd),  showing  the  nrmngement  if  A* 
radiating  and  circular  horizontal  flues  l^ff.  fig.  199]iriA* 
fireplacea  (/],  Fig.  201  reprpscnta  on  one  side  (c)  a jia 
uf  the  kiln  nt  Che  line  (;r).  shaving  the  diapontiei  tf  D* 
replaces  {,/"),  the  upper  mouths  (4)  of  the  fnnue** 
'dII  ns  the  vertical  flnea  (t/),  and  ths  horiBmUl  J^ 
holei  or  reffislcrs  (j)  which  pass  into  tbe  verdcal  " — 
are  also  Hhown  on  n  larger  scale  in  the  Tcitical  :.-. 
one  of  tho  rurnaccR  (fig.  202).  Tlie  other  half  (D)Dfflg.l> 
ia  a  Uid's-cfB  vitw  of  th«  top  of  the  kiln  dome  (■)  and  the  dispositioB  of  tbti' 
holes  (ec).  The  register  elite  (v)  and  (lO,  %  1 99,  are  for  re^latiDg  the  heat  !•<• 
kiln  and  the  door  fp)  ia  for  charging  and  emptying  the  kiln.  The  draught 
a  downward  direction  through  the  upper  moutJia  of  the  furnace  (b),  and  tht 
dirided  into  two  parts  on  entering  the  kiln,  one  part  posaiag  horinmlallj  uM '■' 
Soei  (g),  umloi  the  aole  {t)  of  the  kiln,  and  converging  towards  the  centre,  ealenH 
interior  of  the  kiln  nt  th.-it  point,  while  the  nther  part  pasaee  up  through  the  Ivr  W 
or  bagt  (y)  into  (he  body  of  the  kiln. 

The  saggers  containing  tho  articles  to  bo  burnt  are  piled  np  in  the  span  brtn 
the  fiunncea  in  such  a  way  that  the  top  of  one  sagger  is  cloaad  by  the  bottom  'I 
one  aboYO  it,  and  they  are  built  up  in  atadis  until  the  kiln  is  foil,  Tho  door  (f)  rfl 
kiln  is  then  bricked  up.  the  fires  lighted,  and  the  heat  njaintained  for  two  or  ^^ 
days  at  a  proper  degree.  During  the  fijring  [he  Iowlt  furnace  months  (t*)  ars  1^ 
closed,  fuel  is  supplied  through  the  upper  furnace  mouth  (A),  and  the  heat  is  nglUi 
by  the  ti  les  (c).  ity  meane  of  small  cups  made  of  the  same  olaj  as  the  ware  tbi' 
being  burnt,  which  are  taken  ont  and  examined  nt  intervaU,  ihe  prognas  rf 
operation  ia  judged  of,  and  whan  it  ia  completod  the  kiln  is  allowed  to  eool  ' 
Mowly  antil  the  temperature  has  fallen  low  enongh  to  take  ont  the  snggen. 
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bifenit  wan  is  taken  out  of  the  Baggers,  it  is  dipped  into  the  glazing  material,  dried, 
and  then  anbmitted  to  a  second  firing  in  the  glaze  kiln. 

PoBCXLAnr. — The  materials  nsed  in  the  manufacture  of  this  kind  of  clajrware  are 
chiefly  the  white  clay  called  kaolin,  quartz,  or  some  other  kind  of  pure  silica,  and 
felspar.  These  materials  are  very  intimately  mixed  in  such  a  manner  that,  while  the 
infusible  kaolin  ^tos  plasticity  to  the  mass  that  admits  of  its  being  shaped,  the  other 
ingredients  constitute  a  fusible  mixture  or  flux  which  undergoes  partial  fasion,  when 
the  ware  is  ex^dsed  to  a  hig^  temperature,  and  thus  forms  a  kind  of  cement  by 
which  the  j^rticles  of  kaolin  are  permeated  and  held  together.  The  mass  conse- 
quentiy  aoquires  a  considezable  degree  of  translucency  wfai(£  is  characteristic  of  this 


ware. 


M 


The  preparation  of  the  materials  inyolves  a  number  of  operations,  chiefly  of  a 
mechanical  nature,  having  for  their  object  the  production  of  extreme  uniformity  in 
the  paste  or  mass  of  which  porcelain  articbs  are  made.  The  clay  is  in  the  first  in- 
stance worked  with  water  to  separate  undecomposed  felspar  and  sand,  then  submitted 
to  a  proceas  of  elutriation  so  as  to  obtain  it  in  a  state  of  very  minute  subdivision. 
Hie  felspar  and  other  ingredients,  such  as  gypsum,  chalk,  and  fragments  of  broken 
porcelain,  are  ground  to  an  equally  fine  powaer  in  mills  having  the  construction  re- 
presented by  fig.  203. 

These  mills  consist  of  two  stones  (b  b^,  the  lower  one  being  fixed  upon  a  solid  bed 
(5),  while  the  upper  one  can  be  made  to  revolve  by  the  shaft  (m''),  and  gearing  (m  m). 
^oth  stones  are  enclosed  in  a  vat  (c)  hooped  with 
iron.  The  siliceous  or  felspathic  matenals  are 
ground  in  these  mills  with  water,  and  when 
redneed  to  a  state  of  sufficiently  fine  subdivision 
the  sludge  is  run  out  through  the  spigot  hole  {(/). 

The  vat  (c)  extends  above  the  upper  move- 
able millstone  (b),  and  the  lower  stone  (B')i8  sur- 
rounded with  a  strong  wooden  ring  which  is 
fimnel-shaped  at  the  top  (e)  in  order  to  throw 
back  any  firagments  forced  upwuds  b^  the 
motioin  of  the  stone.  The  millstone  (b)  is  not 
perfectly  round,  but  has  a  portion  cut  away  on 
two  sides  so  as  to  guide  the  materials  under  the 
grinding  surface,  which  is  also  grooved,  as 
shown  at  dea,  in  order  that  the  materials  being 
ground  may  be  retained  between  the  surfaces  of 
the  stones. 

When  the  grinding  of  the  siliceous  or  fel- 
spathic material  is  nearly  completed,  the  mass 
aggregates  together  at  the  bottom  of  the  vat  as  a 
tenacious  pasty  magma,  and  when  the  mill  is  not 
kept  running  at  sufficient  speed  it  is  liable  to  be 
set  fast. 

In  mixing  the  ingredients,  great  care  is  re-  i?  . 

quired  to  secure  the  proper  proportions ;  and  as  *^'®'  2^^* 

this  is  an  essential  condition  of  the  production  of  a  suitable  paste,  regard  must  be 
had  to  the  composition  of  the  raw  materials  used.  At  the  porcelain  works  at  Sevres 
it  is  usual  to  make  the  paste  so  that  it  has  the  following  composition  percentage : 


smos 

680 


Alnmina 
34-5 


Potash 
3 


lime 
4-5 


The  finely  divided  materials  are  mixed  by  long-continued  stirring  in  the  state 
of  thick  sludge  in  large  wooden  vats,  and  the  excess  of  water  is  then  removed,  either 
by  drawing  off  the  mud  into  boxes  fitted  with  plates  of  plaster  of  Paris  at  the 
bottoms  which  absorb  the  water  or  by  pressure  in  bags.  When  the  mass  is  thus 
reduced  to  a  pasty  consistence,  it  is  kneaded  and  worked  together  into  lumps  by  the 
hands  and  feet  of  workmen  until  it  becomes  sufficiently  plastic.  The  lumps  of  paste 
ars  then  placed  in  layers  in  a  moist  place,  and  left  for  some  length  of  time,  to  un- 
dergo a  process  termed  mouldering,  in  the  course  of  which  the  paste  acquires  a  dark 
grey  colour,  and  evolves  sulphuretted  hydrogen,  while  at  the  same  time  it  becomes 
won  j^lastic. 

Porcelain  articles  are  either  shaped  upon  a  potter^s  wheel  or  by  pressing  sheets  of 
the  paste  between  moulds  made  of  gypsum,  and  sufficiently  porous  to  absorb  water 
from  the  paste  while  it  is  being  moulded,  and  render  it  so  stiff*  that  it  can  be  re- 
BMved  without  bending. 
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FlsiUr  BMjalil' tfB  aIao  and  ftr  rising  saBd  >TticlMbT|nai>ciiiotkfl 
liitue  td  tbt  pute  vith  ntcr.  Bj  the  alaoiptioa  ol  tha  wmtir  uln  tha  ■ 
uta  tatm»  %  eniit  npoD  the  nir&c*  of  th«  no^d,  ud  vbeti  thii  M  tUA  ai 


tlid  ii  ponnd  o 

■  HKinldcd  b7  «iiT  OM  tJ  then  mjthmlj  an  aftaBBi^  ^i 
fiinili  them;  and  then  thejan  tbara«(b4rdB 

cefatn  kilo,«bk£li«a 

vhidh  diMKpt  depn 
am  piDdaeed;  tha  n 

gen  or    baking   Uaa 
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required  for  firing  pon 
Idln  is  mauiTelj  built  of  rvtiactoTj  bricks,  and  stionglj  Loond  with  inm  hoi 
kilni  are  genenilly  about  20  fbct  in  diameter. 

Tha  ^aie  used  for  porrelain  is  a  miitare  eitber  of  knolin,  gypaoni,  ai 
porcelain,  or  of  qoarti  and  fFlspar  rery  finely  groand  and  made  into  a  thin 
■lip  with  water.  On  dipping  the  liiacnit  ware  into  this  mixture,  a  infflciail 
odheiea  to  the  tnir£aci>,  and  aibir  drying  tho  arlii^lea  tbey  ore  again  Arsd  al 
temperstnre  Chan  in  the  flrxt  icslaara. 

Another  kind  of  wiire,  called  tender  porcelain,  is  made  of  a  mixtoie  of  |N 
day,  kaolin.  Comish  stone  oi  partially  docomposBd  gisjiite,  burnt  boma, 
Theae  ingredieots  are  ground  and  made  with  witter  intoahomogeneona  paite 
moulded  on  the  potter's  wheel,  yielding,  when  Kred,  a  highly  vitrified  poimll 
glazo  coDsisIa  of  a  mixture  of  folspathic  atone,  i^halk,  soda,  and  borax. 

A  kind  of  eemi-porcelaln,  known  by  iho  name  of  fine  (tone ware,  i«  ai 
mads  in  England  from  plastic  day  mixed  with  a  felipathic  material,  whidl 
flax,  and  gires  the  wars  a  clon  texture  as  a  result  of  partial  fusion  in  tl 
In  glazing  this  kind  of  ware  the  interior  of  the  sagger  te  smeared  with  a  n 
aodinm  cMoride.  potnBh.nml  lead  oxide,  wbidiie  vaporised  during  the  SrinRit 
to  coat  the  aitides  and  produce  a  glare.  The  characters  of  stoneware  d^ 
much  upon  the  quality  of  the  clay  used  in  making  it,  and  there  are  aeTeral  ft 
it.  The  commoner  kind,  such  aa  jars  and  botUes  are  made  of,  is  glased  hj 
it  whilo  in  the  kiln  to  the  action  <^  sodium  chloride  vapour,  which  penebata 
stance  of  the  ware,  and  acts  upon  thesiliceona  material  so  Bsto  form  afnnUl 
silicate.    This  operation  is  called  salt  glazing. 

BiiCKB. — The  ordinaty  bricka  used  for  bnilding  purposes  ara  nude  of 
planie  da^,  mixed  with  mffident  sand  to  produce  a  mass  that  will  dry  vithf 
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iog,  and  bear  firing  without  too  much  contraction.  The  temperature  at  which  bricks 
aro  burnt  must  be  regulated  according  to  the  composition  of  the  clay  employed,  so  as 
to  aToid  the  melting  of  the  bricks,  which  might  readily  occur  when  the  clay  contains 
much  iron. 

Both  loam  and  marl  frequently  occur  of  such  a  character  as  to  be  applicable  at 
once  to  making  bricks,  but  clay  generally  requires  to  be  mixed  with  a  certain  propor- 
tion of  sand,  and  sometimes  chalk  has  to  be  added  when  the  material  used  is  too 
sandy.  In  all  cases,  it  is  especially  important  to  render  the  earth  Tised  for  making 
bricks  as  homogeneous  as  possible,  to  make  it  uniform  in  consistence,  and  to  separate 
from  it  any  stones,  shells,  or  remains  of  plants.  This  is  effected  either  by  kneading 
the  brick  earth,  or  by  passing  it  through  a  pug  mill.  To  facilitate  this  operation,  the 
day  is  generally  exposed  to  the  influence  of  frost,  which  causes  its  disintegration,  and 
sometimes  it  is  mixed  with,  sufficient  water  to  form  a  sludge,  which  is  run  thiough 
sieres  to  separate  the  coarser  particles,  and  then  lefl  to  settle  in  pits  until  the  water 
can  be  drawn  off.  Cinders  are  often  mixed  with  brick  earth  for  the  purpose  of  pre- 
Tsnting  the  bricks  from  contracting  too  much  when  burnt,  and  in  the  neighbourhood  of 
London  the  siftingsof  dust  heaps  are  used  for  this  purpose  under  thenameof  breese. 

The  operation  of  moulding  is  performed  either  by  hand  or  by  machinery,  and  the 
bricks  are  then  piled  up  in  contact  with  the  air,  so  that  they  may  dry  sufficiently  to 
bo  fired  either  in  kilns,  or  in  clamps  constructed  of  alternate  layers  of  green 
bricks  and  breeze,  with  flues  running  throughout  in  communication  with  the  fireplaces, 
■o  that»  by  the  combustion  of  the  fuel  thus  distributed,  the  entire  pile  can  be  neated 
to  a  suiSBciently  high  temperature. 

The  characters  of  bricks  depend  upon  t^e  composition  of  the  earth  from  which 
they  are  made.  When  the  amount  of  ferric  oxide  is  considerable,  the  bricks  often 
have  a  dark  red  colour  after  burning ;  but  in  some  cases  a  portion  of  the  oxide  is 
reduced,  and  by  combining  with  silica,  produces  a  fusible  ferrous  silicate  which  has  a 
daA  colour  and  forms  a  vitreous  glaze  upon  the  surface  of  the  bricks.  When  the 
brick  earth  contains  little  or  no  iron,  the  bricks  are  white  or  pale  coloured. 

Tiles  fc^  roofing  and  drain  pipes  are  made  of  clay  mixed  with  a  smaller  proportion 
of  sand  than  is  used  in  making  bricks. 

Abtuicial  Stokb. — Calcium  salts  and  alkaline  silicates  react  upon  each  other  in 
the  preaence  of  water,  giving  rise  to  alkaline  carbonate  and  calcium  silicate  which  is 
a  substance  of  sufficient  durability  to  serve  for  building  purposes.  A  method  of  pre- 
puing  artificial  stone  in  this  manner  was  introduced  some  years  ago  by  Mr.  Ransome. 
In  the  first  instance  he  made  this  stone  chiefly  of  sand,  which  was  kneaded  into  a  firm 
dough  with  water  glass,  and,  after  being  moulded  into  the  shape  required,  was  then 
saturated  with  a  solution  of  calcixmi  chloride  so  as  to  convert  the  alkaline  silicate  in 
the  mass  into  calcium  silicate,  which  acted  the  part  of  a  cement  and  bound  the  grains 
of  nnd  into  a  solid  coherent  mass  that  was  not  susceptible  of  being  disintegrated  or 
acted  upon  by  water. 

After  the  blocks  had  been  submitted  to  the  action  of  the  calcium  chloride  solution 
they  were  washed  with  water  to  extract  the  sodium  chloride  resulting  from  the  decom- 
position that  had  taken  place  between  the  alkaline  silicate  and  the  calcium  chloride, 
and  then  were  finally  baked  in  a  kiln.  It  was  found,  however,  that  the  complete  re- 
moval of  the  salt  was  difficult,  and  that  the  blocks  of  stone  could  not  well  be  acted 
upon  throughout  unless  hydraulic  power  was  applied  for  forcing  the  solution  into  the 
mass  of  sand  and  alkaline  silicate. 

An  improved  application  of  this  idea  of  making  artificial  stone  consists  in  using, 
instead  of  sand,  calcareous  materials  and  silica  in  the  soluble  condition  for  preparing 
the  paste  with  soluble  alkaline  silicate.  A  mixture  of  limestone,  soluble  silica,  and 
eanstie  lime  made  into  a  paste  with  alkaline  silicate  soon  becomes  hard,  in  consequence 
of  the  formation  of  calcium  silicate  by  the  action  of  the  lime  upon  the  alkaline  silicate. 
If  requisite,  it  can  be  still  further  hardened  by  treatment  with  a  solution  of  calcium 
ehknde. 
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MAGNESIUM. 

SncBOL  Mg.    ATomc  Wbioht  24. 

Klstonr.— Tliis  metal  was  first  isolated  by  Darrj  in  1808.  The 
between  its  compoonds  and  those  of  caldnm  wi^  not  reeognised  until  the  nuddb  d 
the  eighteenth  centniy,  when  Black  pointed  ont  the  chaiactera  which  iliiliifriA 
magnesia  from  lime.  Bergman  subsequently  gare  a  more  complete  deecripCiQii  «lhi 
chemical  characters  of  the  magnesium  compounds. 

Oeonrrence. — ^Magnesium  occurs  very  abundantly  in  several  states  of  eontti^ 
tion,  especially  in  the  form  of  carbonate  as  m  ague  site,  and  combined  with  eskiv 
carbonate  as  dolomite;  in  the  state  of  hydrate  it  occurs  as  hydrophyllite,tki 
oxide  as  periclas,  the  sulphate  as  bittorsalt,  the  borate  as  boracite,  theaaoBrti 
as  a  variety  of  pharmacoiite,  the  phosphate  in  combination  with  magneiiom  flu* 
ride  as  wagneri  te.  The  silicates  occur  as  a  great  variety  of  minerals,  such  as  tslc^ 
steatite,  meerschaum,  serpentine,  etc.;  also  in  combination  with  other iiliiist^ 
as  in  hornblende,  augite,  etc  The  chloride  and  sulphate  occur  in  sea 
many  kinds  of  mineral  water.  Magnesium  also  occurs  in  plant  and  animal 
chiefly  in  the  forms  of  carbonate  and  phosphate,  or  in  combination  with 

cniaraotem. — ^Magnesium  is  a  bluish-white  dull-looking  metal,  Tnndcratijj  kai 
and  malleable,  but  having  very  little  ductility  ;  its  specific  gravity  ia  1*760^  it  adH 
at  a  moderate  red  heat,  and  volatilises  at  about  the  same  temperature  as  liiifl.  bt 
dry  atmosphere  it  does  not  oxidise,  but  in  contact  with  moist  air  it 
covered  with  a  film  of  magnesium  hydrate ;  when  heated  to  redness  in 
air  or  in  oxygon  gas  it  takes  fire  and  bums  with  a  very  intense  li^t;  it 
water  slowly,  but  is  rapidly  dissolved  by  dilute  acids. 

Vreparatioii. — ^Magnesium  is  prepared  on  a  large  scale  by  melting  in  aa  i 
crucible  a  mixture  of  magnesium  chloride,  sodium  chloride,  and  calcium  fluoBd^  vtt 
sufficient  sodium  to  separate  the  metal  fix)m  the  magnesium  chloride.  The  nterf 
metal  sinks  to  the  bottom  of  the  crucible  and  is  protected  from  oxidation  by  the  IqM 
of  melted  salt  above  It.  The  magnesium  is  thus  obtained  free  from  nitrogsn;  bifcM 
it  contains  impurities  and  is  too  brittle  to  be  worked,  it  is  distilled  from  a  doniM 
vessel  furnished  with  a  discharge  tube,  by  which  the  vapour  is  made  to  paM  fraBtb 
top  of  the  vessel  downwards  into  another  closed  iron  vessel  placed  underneath,  vhff 
it  is  condensed  into  blocks  which  are  washed  and  broken  up  into  snuil  pieoei.  A 
convert  the  metal  into  wire  the  pieces  are  packed  into  a  cylinder  with  a  pezftntil 
bottom,  and  when  made  just  hot  enough  to  render  the  metal  soft,  pressure  is  wpG*^ 
by  means  of  the  ram  of  an  hydraulic  press  placed  in  the  cylinder,  until  the  mstil  ooai 
out  through  the  perforations  in  the  bottom  of  the  cylinder  in  the  form  of  wiis.  fr 
passing  the  wire  through  warmed  rollers  it  is  converted  into  a  flat  ribbon,  in  vliA 
form  it  is  generally  used. 

Uses. — ^Magnesium  is  used  for  burning,  as  a  source  of  light  for  pvodncugpU^ 
graphs,  for  whidb  purpose  it  is  well  adapted,  since  the  light  evolved  is  rich  in  '*^~  ~^ 
exercising  chemical  action  ;  it  is  also  used  in  preparing  flrewarks. 


Compoiinds.— Magnesium  is  divalent  and  its  compounds  present 
analogy  to  those  of  zinc ;  it  combines  directly  with  chlorine,  bromine,  iodine,  tlhlMfc. 
and  nitrogen,  forming  compounds  which  are  represented  by  the  formvUm  IQCt 
MgBr,,  M^  and  MgsN,. 

The  oxide  MgO,  known  as  magnesia,  is  the  only  known  compound  of  magMrfM 
and  oxvgen.  It  is  formed  when  the  metal  bums  in  atmospheric  air  or  oxygen,  Mt 
finely  divided  powder  difiused  through  the  remaining  gas  as  a  dense  smoka.  ii 
ordinarily  obtained  by  heating  the  carbonate  to  redness,  it  is  a  bulky  white  poHfl 
which  bears  a  very  high  temperature  witliout  melting.  Its  specific  gravity  ii  ftA 
3'070  to  3*200,  and  by  strong  ignition  it  is  increased  tx)  3'610.  Magnesia  has  omA^ 
smell  nor  taste ;  it  is  but  very  slightly  soluble  in  water,  and  has  an  ^lV^t«f       ''^ 
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upon  test  paper,  but  is  not  caustic.    Maguen'ii  is  a  strong  base  which  combines  with 
acid  oxides,  forming  salts. 

Magnesium  hydrate,  MgH,Oy  is  a  white  pulverulent  substance  formed  on 
adding  solution  of  potash,  soda  or  baryta  to  the  solution  of  a  magnesium  salt.  It  oc- 
cnrs  naturally  as  brucite  in  rhombohedral  crystals.  Magnesium  carbonate, 
MgOO^  is  very  sparingly  soluble  in  water ;  it  occurs  naturally  as  magnesite,  and 
can  be  preparod  by  heating  magnesium  sulphate  and  sodium  carbonate  to  160^0. 
under  pressure.  It  combines  readily  with  carbonic  acid,  forming  a  solution  which 
has  a  bitter  taste  and  alkaline  reaction  ;  but  the  acid  carbonate,  MgH,2C0„  has  not 
been  obtained  in  a  solid  state.  It  also  combines  with  other  carbonates,  forming 
doable  salts,  and  on  this  account  ammonium  carbonate  does  not  produce  a  precipitate 
in  solution  of  magnesium  salts.  The  precipitate  produced  by  fixed  alkaline  carbonates 
is  a  compound  or  mixture  of  carbonate  and  hydrate.  Magnesium  chloride, 
MgClp  is  a  white  translucent  substance  which  melts  at  a  red  heat,  but  is  decomposed 
when  heated  in  contact  with  water,  yielding  hydrochloric  acid  and  magnesia.  It  has 
a  shaip  bitter  taste,  and  is  very  soluble  in  water.  A  hot  saturated  solution  deposits 
erfstafs  containing  6  molecules  of  water,  MgClf6H,0.  This  salt  forms  double  salts 
with  alkaline  chlorides.  It  occurs  naturally  in  sea  water  and  in  the  water  of  many 
springs.  Magnesium  bromide,  MgBr^  which  also  occurs  in  sea  water,  in  the 
of  salt  springs,  and  of  mineral  springs,  is  likewise  a  very  soluble  salt. 


OABBOWATB. 

Formula  IfgCO,.    Molkcuiar  Wbioht  84. 

This  substance  has  been  known  since  the  early  part  of  the  eighteenth  century  under 
the  name  of  fHo^netia  alba,  but  the  distinction  between  it  and  calcium  carbonate 
first  recognised  by  Black  in  1755. 


u — Magnesium  carbonate  occurs  naturally  as  magnesite,  and  io 
oombiDation  with  calcium  carbonate  very  abundantly  as  dol  omi  te ;  it  also  occurs  less 
frequently  in  combination  with  ferrous  carbonate,  as  spherosiderite,  and  with 
manganous  carbonate  as  dialogite. 

Obaimeters* — Magnesium  carbonate,  as  prepared  artificially,  almost  always  con- 
tains water,  and  its  composition  is  represented  by  the  formula  MgC0,3aq.  The  pre- 
cipitate obtained  by  mixing  solutions  of  sodium  carbonate  and  magnesium  sulphate  is 
a  compound  of  magnesium  carbonate  with  magnesium  hydrate,  and  the  pharmaceutical' 
pceparadon  known  as  magnesia  alba  is  of  this  nature,  the  relative  proportions  of 
caibooate  and  hydrate  depending  upon  the  strength  of  the  solutions  used,  their  tem- 
pasture,  and  other  conditions.  It  is  a  white  earthy  powder,  very  sparingly  soluble 
m  water.  When  prepared  with  cold  dilute  solutions  it  is  extremely  light  and  bulky, 
bit  when  prepared  with  strong  hot  solutions  it  is  much  denser.  At  a  r^  heat  it  gives 
off  water  and  carbonic  dioxide,  leaving  magnesium  oxide  or  magnesia. 


Formula  MgSO|.    Molbculab  Wkioht  120. 

This  salt  is  commonly  known  as  Epsom  Salt,  having  been  at  one  time  obtained 
chiefly  from  the  water  of  mineral  springs  in  the  neighbourhood  of  Epsom.  It  occurs 
abundantly  in  sea  water  and  in  the  water  of  many  mineral  springs.  It  also  occurs  in 
ahydzatedstate  askieseritein  the  salt  beds  of  Stassfurtand  several  other  localities. 


. — Magnesium  sulphate,  as  usually  met  with,  is  in  the  form  of  pris- 
matic crystals  containing  7  molecules  of  water  of  crystallisation  ;  it  dissolves  in  its 
own  weight  of  cold  water  and  in  larger  proportion  in  boiling  water ;  it  has  a  bitter 
unpleasant  taste,  and  is  highly  purgative.  When  heated,  6  molecules  of  water  are 
readily  given  off,  but  1  moloculo  is  retained  even  at  200^.  At  a  red  heat  it  becomes 
lahydrcms,  and  is  only  partially  decomposed  at  a  very  high  temperature. 

Vrepttimtton. — Magnesium  sulphate  is  largely  prepared  by  acting  upon  magne- 
aan  limestone  with  sulphuric  acid,  boparating  the  sparingly  soluble  calcium  sulphate 
by  flhiation,  and  evaporating  the  filtered  liquid  to  crystallisation.  It  is  also  obtained 
IB  a  by-product  in  the  treatment  of  sea  water  for  alkaline  salts,  and  from  the  kieserita 
of  Stassxiirt* 


ZINC. 

Symbol  Zn.    Atomic  Wbiort  65. 

BUtoiy. — ^This  metal  was  known  to  the  ancients  onlr  in  the  fotm  of  aa  iDtf 
with  copper,  as  brass ;  and  although  the  existence  of  a  pecoliar  metal  in  file  cm  w 
— together  with  copper  ores — for  obtaining  this  alloy  was  suspected  bjr  Basil  YafariB 
and  others,  it  was  not  generally  recognised  until  the  early  part  of  the  cig^MA 
century.  The  production  of  this  metal  on  the  large  scale  appears  to  hare  been  enrf 
out  in  England  as  early  as  1730. 

Ooenirenee. — Zinc  seldom  occurs  naturally  in  the  metallic  state,  but  dU^k 
a  state  of  combination.  It  occurs  in  considerable  abundance  in  the  state  of  tt^m^ 
as  calamine,  and  in  the  state  of  silicate  as  siliceous  calamine;  the  soIfWi 
also  occurs  very  abundantly  as  blende;  the  oxide  to  some  extent  as  red  siie  on 
and  combined  with  alumina  and  ferrous  oxide  as  gahnite ;  the  arsenata,  phoqhli 
and  sulphate  are  also  met  with  as  minerals. 

CliAimetera. — Zinc  is  a  bluish-white  metal  of  considerable  lustre  wbn  ftiiff 
polished,  but  readily  becoming  dull  by  oxidation  when  expoeed  to  the  air.  It  is  Inttk 
and  the  fracture  presents  a  crystalline  texture.  The  density  of  rinc  is  6'862,  iBd^ 
hammering  it  is  increased  to  7*210.  Its  malleability  is  increased  by  heating  to  IV 
or  150^,  sufficiently  to  admit  of  the  metal  being  rolled  into  sheets,  in  whidi  nmitii 
used  for  a  great  number  of  purposes.    At  210^  it  again  becomes  so  brittle  that  it  en 


readily  be  reduced  to  powder. 
Zinc  melts  at  412^  a 


and  at  a  bright  red  heat  it  volatilises ;  it  boils  at  1040^^  vA 
gives  off  vapour  which  in  contact  wiUi  air  takes  fire  and  bums  with  a  very  IiuobM 
flume,  tinged  with  green  and  blue,  forming  a  cloud  of  zinc  oxide  in  the  polvenkrt 
form  known  as  flowers  of  zinc  Zinc  is  not  veiy  subject  to  oxidation  under  atmoaphtfit 
influences,  and  after  the  first  film  of  oxide  has  been  formed  it  seems  to  piratad  &■ 
metal  from  further  alteration  either  by  air  or  water,  except  when  it  is  in  contact  inik 
another  metal  and  thus  forms  a  galvanic  circuit  Zinc  dissoWes  readily  in  dilute  aA 
hydrogen  being  eliminated  and  ^ts  of  zinc  formed  which  remain  dissolved;  itiialK 
diHBolvcd  by  idkaline  solutions  with  evolution  of  hydrogen,  and  the  sine  osida  tkai 
formed  comoinos  with  the  alkali,  forming  a  compound  which  is  soluble  in  watar. 

Commercial  zinc,  common! v  known  as  spelter,  always  contains  small  amaooti 
of  lend  and  iron,  togcthi^  with  very  minute  quantities  of  carbon,  tin,  cadouiBi 
copper  and  arsenic,  which  render  tho  metal  brittle  and  more  difficult  to  roll  into  At^ 
than  pure  zinc.  According  to  Karstou's  experiments,  lead  is  the  moat  oljectiooalih 
impurity,  and  even  when  it  amounts  to  less  than  1  per  cent  it  re'iuces  the  taoadtjtf 
tho  motal.  Iron  <1og8  not  appear  to  affixt  tho  tenacity  of  zinc  so  much  as  lead,lat 
it  increases  tho  hardness  of  the  metal,  and  renders  it  more  readily  soluble  bj  ad^ 

Vreparation. — Zinc  is  obtained  on  the  large  scale  by  reducing  the  asde  vi^ 
charcoal  and  distilling  off  the  metal  into  suitable  condensers.  The  ore  used  ftrtkii 
was  formerly  one  of  the  two  kinds  of  calamine,  but  more  recently  blende  has  bi* 
ujtensively  worked  as  a  source  of  zinc.  It  is  first  roasted  to  get  rid  of  the  solpliv 
and  to  convert  the  metal  into  the  state  of  oxide ;  sometimes  this  roasting  is  oondiBtad 
in  such  a  way  as  to  admit  of  the  sulphurous  oxide  produced  being  used  aiUur  fst 
making  sulphuric  acid  or  some  other  purpose. 

RoafiUng  Oref. — Calamine  is  sometimes  roasted  in  kilns,  but  more  frequently  nn^ 
beratory  furnaces  are  used  in  roasting  both  calamine  and  blende.  In  the  case  of  sili^wM 
calamine  thooperation  of  roastingis  chiefly  useful  in  disintegrating  the  ore,  bat  in  tkcaM 
of  calamine  consisting  of  zinc  carbonate  it  has  the  further  advantage  of  separatiq|ear 
)x)nic  dioxide  and  ^-ater,  which  would  otherwise  interfere  with  thesmeltang  opentioiilV 
lowering  the  temperature,  and  thus  retardingthe  reduction  of  the  oxide.  Blende  rtnfcM 
t-o  bo  crushed  to  a  fine  powder,  and  spread  in  a  layer  about  4  inches  thick  over  the  bad il 
the  Aimace,  which  is  generally  about  36  feet  long  by  9  feet  wide,  and  if  dividad  irii 
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>futa,£lbriDg*  fiwinchM  in  height,  the  lovest  portJan  being  next  to  ths  fin 
(t  Whan  tfaa  foniace  is  niffideatlj  hot  B  diune  of  fnuhrd  ore  is  pUced  in  the 
-'-    -t  of  the  bed  and 


id  bom  time  to  tjme  ao  u  to  expoie 
I  m&eei  to  contact  with  the 
ud  thiu  beilitata  the  oiidation. 
r  noe  hooi*  tJua  chaige  is  imfced 
1  iilo  the  next  compartment  of  the 
ud  repUtced  by  a  fieah  qnantitj 
1.  Alter  another  interral  the  par- 
r  WMted  on  is  tiansferred  to  the 
t  eonputaMnt  of  tbs  hearth,  and 
iinf  meeemTe  chaigea  of  ore  an 


gfnrasee. 


i  nth  half  it!  vd^t  of  powdered 
«il  or co^  dmt^plaeed  in  eraci- 
ntatti^  or  mnmee,  and  heated 
iMtlT  to  rfbet  the  redoctJon  and 
antum  td  the  metal.  According 
la  fiigtiah  iTitem,  caat-iron  cnci- 


ipMDg  thioogh  the  botl^  for  the 
la  of  tM  BBC  Taponr  downwards. 
Kde  (ii)  of  the  farnace  ia  per- 
lad  where  the  cnicihUa  stand,  (o 
rof  thetabee  being  connected  with 

l4roo  ppea  (ii)  dipping  inlo  pols  (II)  for  receiving  tJio  condenied  e 
alim  i<  called  dietillHlion  per  dttoennKia. 

to  the  Belgian  ajatam  of  amrlting  zinc,  ratortf  are  need  for  the  tednction 
Thej  are  made  of  fire  claj,  as  eliowii  in  flg-  ^*>7,  nnd  are  3  feet 


Via.  206. 


Thia 


-4   -f 


t^ 


Fio,  207. 
n  i  to  if,  7  inches  in  diameter ;  short  conical  pipes  of  Are  cU;  (ic) 
ka,  and  to  thexe  are  fitted  conicnl  tiilice  oi  Iliin  iihe«t  iron  (/a). 


Fio,  ?08. 

AoMM  is  ^lidi  the  retortj  are  heated  is  repreeented  by  flga.  SD8  and  209.    f 
■  tnjilara  and  a  tlia  chamber  in  whichthenitOTt«(aii,  bd)aie  ploced  in  a  alopng 
■n  whli  tiM  eosfcal  tabcf  (r  r)  a^jnated  to  the  months  of  the  retort*, 
rha  tha  ntarto  Iwra  been  heated  to  a  proper  temuratore  theyareohaiged  with 
ttm  of  inliiiiml  tm  and  earbonaceona  material  hj  means  of  a  acoap,  which  filf 


into  the  n 


.11.1  111.'. 


re  th^n  ntrt.- 


to  tba  ratorta  witfa  tn-A*jh6^ 


r.  mving  n, 
'mm  eontii  are  fitU-d  un  f..r  t}!.-  iv.ndensitKin  nf  thf  iii 
et^neH  httnme  filled  vitl.  diii;  iiiiilr  ;  thnjr  an-  Uifn 
Mnd  rgplicrd  M  oftMi  iit.  nieL;  be  DCri'UHiy.  Whta  a  (niffiL-ient  qiuutitf  of  nuWEi 
line  hu  collectiil  in  the  I'rinical  clnT  InliiK.  ii  i>  WFapMl  out  intn  sn  iim  li&Ui 
nmlerthp  m'mtli>">r  thi-  tu>i«n  Hnd  ;>iare<l  inl^imouldiL  thia  operation  being  repaldlt 
inteiTBU  uiilil  ;ai  tliF  z\n.-  hu  )««□  diatUlcd  oil.  The  rL-sidne  in  the  rclortiiida 
mr^c  put 


Fia.  210. 


Fra.  211. 


B 


two  holei,  a  nnd  ij;  the  lower  one  ii  iatended  for  tlie  remoTMl  of  the  rendsaliftlA* 
each  operaCinu,  sad  chd  be  cloeed  bj  &  corcr  of  Are  clu;  while  the  dulillation  ii|n 
on.    Into  the  upper  halo  is  fitt«d  a  rectangnUr  tuba  made  of  flm  cl&f ,  ^lieh  ii  «1 
at  the  end  (a)  and  hu  an  ftpettnie  at  b  thionsh  which  the  moffle  can  be  ebaigal  IJ 
niMiu  of  a  proper  Moap.    The  fnnuee  in  which  tlie  nnfflea  tin  heated  ii  n 


Fro.  21 S. 
theau  mufllcs 


bjflg*.  213and213.    Six 

nnd  hratod  bj  the  famnce 

(e  "land  pw"*  in'o  caTitiw  (noo),  where  it 


nro  armiif^  in  the  apertuTM  i 
CHpfe  tlirough  the  rectangnlarpipM 
idonsed  in  iron  pnne. 
^0  sflceinn  method  of  nmclUnK  line  ha«  been  intinducnl  in  this  nninlij  in  1 
of  the  ejdtem  fbrmccly  (idoiiK-1,  which  WM  eipcneire  on  occouiituf  Uio  large  com 
tinn  of  fui^l  it  inTQlred. 

The  cine  thns  obtained  is  romcltod  in  in>n  ]iots  holding  aliout  lintf  a  Ion  (mA. 
oiids  collpotinff  DD  the  eurfai-o  is  Bkimniiil  iiif.  iind  Iho  metal  east  into  ingots  ftr  At 
market.    9gmotiniaa  this  oporation  i»  conJm-ti'd  in  a  rtvorlwra Uuy  ruroaco,  the  hwA 
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of  which  is  inclined  to  one  side,  where  at  the  lowest  point  there  is  a  honiisphcrieal 
Fassrroir  in  which  the  liquid  metal  collects,  the  ingots  of  zinc  to  be  melted  being  piled 
up  on  the  highest  part  of  the  hourth  near  the  fire  bridge.  The  molted  zinc  is  ladled 
ovt  of  the  TMerroir,  and  poured  into  monlds  which  have  the  form  of  slabs  if  the 
metal  is  required  for  rolling  into  sheets. 

VseA* — Zinc  is  largely  used  in  the  form  of  sheet  for  purposes  of  construction,  such 
as  rooflne,  etc ;  it  is  also  much  used  for  coating  iron  and  producing  what  is  termed 
gaWanised  iron.  In  order  to  coat  iron  with  zinc  the  surface  of  the  metal  is  first 
cleansed  l^  immersing  the  sheets,  or  other  articles  to  be  galvanised,  in  a  bath  of  dilute 
■vlpharie  or  hydrochloric  acid,  and  when  perfectly  free  from  oxide  they  are  dipped 
into  a  bath  of  melted  zinc  on  the  surface  of  which  is  a  layer  of  fiit  to  prevent  oxidation. 
The  line  then  combines  with  the  iron  at  the  surface,  forming  an  alloy  which  serves  to 
protect  the  iron  from  oxidation  and  render  it  more  durable. 

Oompoaiids- — ^Zinc  is  a  divalent  metal  forming  only  one  series  of  compoimds. 
The  oxide  ZnO  is  a  strong  base,  and  the  sadine  compounds  it  forms  with  acid  oxides 
are  isomorphous  with  magnesium  salts ;  the  chloride  ZnCI,  is  a  translucent  fusible 
and  volatibsable  substance,  very  soluble  in  water,  deliquescent  and  poisonous.  A 
solution  of  this  substance  is  used  as  a  disinfectant  under  the  name  of  Bumett*8  Fluid. 
Zinc  chloride  mixed  with  ammonium  chloride  is  often  used  to  clean  metallic  surfaces 
in  solderinff.  Zinc  sulphide,  ZnS,  is  a  white  or  yellowish-white  substance  insoluble 
in  water ;  it  is  slowly  acted  upon  b^  adds,  with  evolution  of  sulphuretted  hydrogen, 
and  is  slowly  oxidised  when  heated  in  contact  with  atmospheric  air.  It  occurs  natu- 
rally in  the  fann.  of  blende  or  black  j  ack,  is  crystalline,  of  a  dark  yellow,  brown, 
or  black  colour,  and  is  one  of  the  most  important  ores  of  zinc 

Zauc  readily  nnites  with  other  metals,  forming  alloys,  most  of  which  are  hard  and 
some  of  them  brittle.  Zinc  and  bismuth  melted  togeUier  do  not  form  an  alloy,  but 
separate  into  two  layers,  the  zinc  containing  about  2*5  per  cent,  of  bismuth,  and  the 
bismuth  from  8*5  to  15  per  cent,  of  sine  Alloys  of  zinc,  tin,  and  copper  constitute 
several  kinds  of  bronze  which,  on  account  of  their  hardness,  are  well  adapted  for  the 
journals  and  oIlMr  parts  of  machinery.  Some  kinds  of  bronze  contain  leaid  as  well  as 
copper,  tin,  and  sine  such  as  British  bell  metal  and  the  biddery  ware  of  India. 

The  most  important  alloy  of  sine  is  brass,  which  consists  of  zinc  and  copper  in 
Tarious  proportions.  The  amount  of  zinc  in  brass  ranges  from  20  to  67  per  cent. 
Muntz's  yellow  metal,  or  patent  sheathing,  is  an  alloy  of  this  kind,  consisting  of  40 
per  cent  zinc  and  60  per  cent,  copper,  l^e  alloy  called  smilior  contains  a  larger 
proportiaA  %i  ^agjfm  and  white  button  metal  more  zinc. 


ro  oxzsa. 
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History* — Zinc  oxide  was  first  proposed  as  a  substitute  for  white  lead  by 
Conrtois  in  1780;  in  1783  Qsprton  Morveau  described  its  preparation,  and  showed 
the  advantages  it  had  over  white  lead ;  three  years  afterwards  Courtois  commenced 
preparing  rinc  white  on  a  large  scale  In  1796  Atkinson  took  out  a  patent  in  this 
coontiy  for  the  preparation  of  sine  white ;  but  here  as  in  France  these  earlier  attempts 
to  introduce  the  manufactoia  were  not  successful. 

In  1849  the  manufiMsturo  of  rinc  white  was  started  again  by  Leclaire,  and  its 
establishment  is  due  to  him. 

Ooonrrenee. — Zinc  oxide  occurs  naturally  as  sin  cite  and  franklinite,  both 
of  which  contain  also  manganese  oxides,  and  the  latter  ferric  oxide  and  ferrous  oxide 
in  considerable  amount  Franklinite  occurs  abundantly  in  New  Jersey,  and  unsuccess- 
fol  attempts  have  been  made  to  work  this  ore  for  zinc  It  is  also  smelted  for  iron,  and 
it  is  said  that  the  zinc  contained  in  the  iron  thus  obtained  has  the  effect  of  giving 
greater  tenacity  to  the  metal. 

Chmnustmru* — Zinc  oxide  obtained  by  burning  zinc  or  igniting  the  carbonate  is 
an  amorphous  flocculent  substance  which  is  largely  used  as  a  paint  under  the  name  of 
sine  white  and  for  pharmaceutical  purposes ;  it  is  insoluble  in  water ;  has  a  specific 
gvsvity  of  about  56 ;  is  very  refractory  in  the  fire,  but  is  said  to  volatilise  to  some 
extent  when  very  intensely  heated.  While  hot  it  has  a  yellow  colour,  but  becomes 
white  again  on  cooling.  Zinc  oxide  is  very  easily  reduced  by  charcoal  at  a  moderately 
high  temperature,  less  readily  by  hydrogen  or  carbonic  oxide.  Heated  with  sulphur 
it  toons  sine  sulphide  and  sulphurous  oxide.  (Chlorine  displaces  the  oxygen  at  a  red 
hsst>  lionning  sine  chloride  and  free  oxygen.    Zinc  oxide  is  a  strong  base  combining 


to 


ZINC. 


Midilj  wilh  acid  oiid-f  >nd  funning  wltc.    It  alio  annUim  villi  rnqmoni^i 
■(  alnBin*,  chioDiic  hvdrale,  and  finic  oxide,  and  metal  of  than  eoMpaaih  i 

B7  adding  ammoDis  or  flicd  tsosliv  Hlkali  to  the  •olotioo  (rf  a  UMaltdBt 
ii  obtained  in  the  Ktat«  of  hydrate,  ZaH,Op  at  a  gilaliDoai  tireo[BtBta  mU 
Itwfim  at  the  precifnlant.  Vilien  dried  and  heatad  it  readilj  gnea  iipitivriK 
can  I»  oMaine<l  in  a  ci^tslline  stiUe  fnim  the  ammnDiacal  Kantian  of  nneoilt 
a  dihydiata,  ZnH,0„  u  deposited  elovlj  tram  a  ratntated  aolatiaD  of  tk*  <d 
canAlc  aoda, 

;   nnde  is  sometimee  prepared  b;  ignitiag  tlw  ^k 
\j  to  drire  off  the  carbonic  dioxide. 

Attempts  to  prepare  zicc  oiide  in  the  vet  iraj-  have  not  u  jet  been  ammm 
nuMMifiil.    It!   mannfactnre  on  a  luge  scale  coDiicta  iiiiiiiiiilli  in  b 
TBpoOT  ID  contact  with  atmoapheiic  air,  and  collecting  th«  xi] 
coodenaiag  tubes  or  chambers. 

The  funBce  nied  in  preparing  nnc  white  is  nyii—nled  ii 
•adioiu  by  flgi.  214,  216,  and  217- 

Fie.  214. 


otiallj  in  bnniil 
le  <nide  tlm  Am 


FiQ.  216. 
The  metal  is  heated  in  fire-daj  ntoiU  (a  ■ 
or  10  of  which  are  placed  togeUier  in  the  hi 
(Sg.  214).  The  ebape  of  these  retorte  ii  d 
hj  flg.  216.  Tlie  lenpth  it  -il  inchea,  the  1 
1 0  inches,  height  6  inches,  ihickneae  of  the  ' 
l|t  inch,  height  of  the  opening  (i  h  h,  flga 
and  2ie)  2  ipches,  width  4  isches. 

The  retorts  are  heated  by  the  ftiroaeo  (c, 
215  and  217},  the  flame  playing  round  then 
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•ad  than  pMtJng  Umngb  the  fines  (cefg)  into  a  rbimne^  {A).  DinctlT  th«  n 
heated  to  vhiteiueB,eadioDeiiicbugedwith3or4blDckB  of  siac,  whicu  metU.aDdllie 
Tapoor  ««capiiig  from  the 
apartuna  (i  I),  coming  inU> 
eoatact  with  aii  at  a  tem- 
perature of  300°  C,  tnns- 
mitted  from  tha  cbumeU 
(•(,  fig.  314)  towBida  (b), 
boms  to  line  oxide,  which 
ia  carried  b;  the  dianght 
throogh  the  tabea  (kk') 
into  a  aerica  of  coodaDaing 
ebamben,  where  it  ia  pra- 
cipitatad.  The  amage- 
mcDt  of  the  condeDring 
chambera  ia  ahowD  b; 
liga.  218  and  Sie.  &  ia 
tha  retort  ftimace,  h  tom- 
mon  cbimnej,  b  b  tubPB 
leading  into  the  cbunberfi.  ^ 
Fach  pail  of  tubes  termi- 
nate in  a  BTMem  of  foat 
rbumbera.  The  inlet  into 
ibo  flret  chamber  ia  above,  *'"•  *''■ 

and  the  outlet  below ;  in  Ibo  nocand  chnmber  this  is  reversed.     The  ontlat  (>)  of  tha 
^l  chamber  i*  earered  vith  a  pioco  of  wire  giiuze,  io  keep  luLck  an  much  hs  poaaibh 


r>f  the  line  white.    After  lenrin);  thia  chnniln 


le  gns  pn.H.«i 


piugh  n  long  flue  (a) 


218. 


hmi^  -  kihi 

^l^h^&iifc^^ii^H^^x^^lB^^^^V 

,  d  pAila  irf  the  con- 
dennng  chambers,  nnd  ia  drawn  out  nt  interrala  into  the  sacka  or  ciaka. 

Tbe  line  white  deposited  in  the  cliamber  ia  pure  white,  nud  ouly  that  portion 
dspoaited  in  the  receiver  (o)  under  the  raoathB  of  the  retorts  is  a  little  grey,  owing 
to  the  preMnce  of  a  small  qnantilj  of  nietallic  Einc.  This  [{rejiBh  prodaci,  howaTer, 
iftar  bang  washed  jiclds  a  pniduct  applicHble  for  ordiniiry  purpoHcs. 


figs,  230  and  221  repreaent  n 


■t  for  preparing  rinc  white.     Tha 


inner  apaw  is  3)  (bst  Inng,  I  Toot  *ida,  and 
1}  inch  tliick  nt  tho  bottnm,  nnd  nbnve  } 
tho  line  and  for  tho  escHpa  of  aae  vapai 


4  iEKhi»higli,'tlia  Willi  ofllwrtahi 
I  iDch.  Tha  leaning  (a)  far  filtii^ 
I  iit  10  inches  wida,  Mid  1}  uik  k| 


Fia.  220. 
Two  rstotts  of  tbii  kind  are  placed  oi 


Fia.  ni. 
r.  fiB  ihown  at  (a  ■,  1).  B 


little  bridge  (6)  at  the  side,  which  aarTM  the  vnum 
aeparatjiis  the  pare  zinc  white  bom  that  whUi  as 
lin^AJ  with  paitides  of  metallic  ri         -      - 


posited  in  &ont  c^  the  bridge  (b)  and  falls  dovi  il 
the  receivers  (t'b'),  while  the  pare  prodnct  dqaaitll 
the  conical  tnbea  Idd)  falls  down  thiODghUi^l 
between  b  and  o  into  the  receirers  (ce).  Oppoats  I 
moittha  of  the  rvtcrta  is  a  latge  iroo  door,  wluell  wl 
for  rcmoring  dumoged  retorts  aod  repladng  thM  v 
new  ones.  This  iron  door  is  also  ftunishal  wi 
smaller  doon,  opposite  the  month  of  each  nit 
through  which  the  metallic  zinc  it  tlUDWn  in. 

The  retorts  are  placed  in  rows  of  A  pairs  togibn 

10  in  all  orer  a  conunon  foraace ;  each  ntot  d  I 

fiQ,  222.  lower  row  is  charged  with  iboat  }  ewt  of  aie,  1 

ntorta  of  the  npper  row  cAch  receiTing  half  ■•  m 

more.    A  eiogle  retort  ie  cspeble  of  burning  from  S  to  7  ewta.  of  nne  in  the  eatat 

2*  hours.    The  conl  ri<qaired  for  tliis  purpose  is  esUmated  at  ftboot  40-46  pKcnt 

'it  of  the  zinc  Died. 
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■  in  secdoD  s  fimmce  with  the  rrtorU  above  d«icribed.  Tba 
bunben  are  shown  in  pTDJectioD.    (li)  aefa  pit,  nrer  which  i»  >  gntakbont 

MwHhcoal  through  the  flre  doora  [bb).  The  flams  puses  into  th* 
in  rmeh  of  which  are  placnd  a  couple  of  retorts,  one  above  the  other,  as 

left  band  of  the  drawing.  The  hot  air,  after  baring  plajed  round  the 
sthimghflaes  into  the  chimnej  (s).  The  bornt  line  vapour  from  each 
tl  jMMea  throueb  the  conical  tub^  (rf  <f)  to  a  fine  [dd)  of  ahset  icon,  and 
I  npright  tnbn  into  a  STStem  of  tabw  shown  in  Hg.  221,  when  i  repreaenta 
B  the  chimney  fbr  two  series  of  furnaces,  e*  the  ret<nt  fornaccH,  0'  </  the 
b  which  the  mt^Tj  linc  white  falls  into  Che  leceiren  beneath,  while  the 
The  hot  air  with  the  euspcnded  particles  of  duo 
.ped  metal  tubes  Id" il''d' iP),  which  terminate 
K(e^e">r><).  These  reeoiTBii  !i»«  funnel- 
an^  in  which  the  zinc  whit«  deposited  in  the  tubes  collects,  and  falls 
laced  benMtth.  Theu  siphon -iliiLped  tabes  Qf'  d"^  ma;  be  arranged  in 
'  tU»,  Mid  earrisd  round  the  whde  of  the  building.  Oraiidenble  qnanti- 
whit*  are  deponted  in  these  tubes,  and  the  hot  air  bom  them  is  passed 
nbsn  on  the  nde  of  the  building  oppodte  U>  the  finnaee*.  in  oraer  to 
•t  mitidsa  of  rinc  white.  The  arrangement  of  the  eandenaing  chambers 
d  &  natteal  secUon  lengthwajn  by  fig.  220,  six  of  them  bong  ^a«ed 
)  each  ftmace,  as  shown  in  fig.  226.  The  gas  coolsd  to  50°  in  the  tubce, 
the  fMWTer  (/')  into  the  flnt  chamber  (.gg%  lined  with  ptnah  linen, 


eairnt 
I  tube  {0  , 
kMra  throngh  the  siphon 


Fio,  224. 

intot«ttputa(^^b7n  partidon,  reaching  not  qnile  to  the  top.  t'roio 
Dttber  the  pis  passes  from  below  into  the  £et  diTieion  (g')  of  the  second 
n  orrr  the  partition  into  the  second  diTision  (g*),  tiien  into  the  third 
jl*),  and  so  od  ontil  it  rcachca  the  eighth.  It  tlien  posses  into  n  second 
cbunliers.  aflcrwanlB  into  n  third  similar  Borioe  of  chambers,  and  from 
iarober  of  this  series  it  escnpps  through  a  cnrtain  of  wire  game  into 
(^'■).  Each  chamber  terminates  below  in  a  funnel,  where  Che  sine  white 
is  drawn  offinto  cisks. 


BeckoDing  tagMhsr  Uie  tnbes  and  diamben,  tlie  pradncU  of  ewnbuKigD  of  ■ 
fbniaca  with  Md  nloita  travel  »  diatsoM  of  nearly  1000  yardi.  In  thi  40  Nto 
at  m  fnTDOce  with  four  seU  of  nitoita,  the  qnsDtity  of  line  barntin  34  IwwiBql 
reckontd  at  about  12  tons ;  3000  tons  in  the  fear  of  260  woAu^  daja. 


Fig.  22S  reprewiita  a  horizontal  seetion  of  the  retort  fnraacM,  eondenanf  tO 
and  ebambon.  a  a  four  Beries  of  retort  fumaceG,  b  b  rcceivori,  ditT  .  .  .  f  fW 
■faaped  receirerB  for  the  liphon-Hhaped  condenxiDg  tubes,  ont  c^  vhieh  the  gai  p* 
into  the  chamber  BTBtem  oppoaiM  t^  " 


The prodncta of  Ihit  apparatui  are:  I.  Zinc  duet, coneisting  of  a  nuitei 
f)Dc  vhitD  and  finely-diTided  metallic  zinc,  which  is  pnrifleJ  by  ■  apecial  vnb 
pneeu.    2.  Ziacwltite,  which  ia  rcmovod  from  the  recciren  orer;  morning.   1 
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^  337  ud  328),  inneod  of  retorts 

,  c  tlw  tid  will)  »D  opaoiug  T>,  2  inebes  in  ilmmeter,  Ibr 
tha  dne  and  for  tha  edcapa  of  liiic  ntpooi.  Figa.  239  &iid 
Am  enable  fonucfl  viUi  7  crucibles.  The  tuhpit  faieneatb 
I  eloMtl  «t  pleasure  b;  the  door  (/).    When  eloaad,  hot  air 

rl  tha  floe  (/*)  under  the  gmte.    The  flame  dIb^b  round  the 
i\  and  mapea  thnogb  Uie  flne  (a)  to  the  chimaej.  AboTe 

I*  M  an  opening  Itjge  enough  for  remoring     

IUm  and  MpUciiig  them  witii  osv  onee ;  tJie  ^^^M 
■■allydowd  by  the  lid  (i).  Attheptutof  ^^Hc 
iAiiifwa  inpnjeetioa  in  flg.  229  there  are  ^H^f 
yAaad  aaall  opaningB  (jj\,  which  aerra  to  ^^^ 
(data  Ik*  npplj  of  air  raquired  for  tha  com-  f^.  227. 
' — ' Oppoaite  the  month  of  each 


craaDiea  ii 


Fm   120 

t,  has  not  at  praaent  attAined  «nj  importanee,  ei 

fldWiint  in  whiteneaa.    The  orea  moat  aaitabla  for 

Ha  "which  eont&in  unc  oxide,  auch 

^  nd  Bius    ore,  and    fnuikliDlts; 

a  BoiMble.    The  eisential  ftstun 

aa  eonaata  in  henting  the  ore  to 

I   eoal  in   mnffle-sha^  fomBcea, 

Kmr  thna  produced  b«ing  burnt  to 

vhite  deindMd  in  the  first  ro- 
f  fntiiaMahaaagrej'ishtiat,  oving 
am  of  flnelj-diTidM  met&llic  line,  t 

BiFante  thia,  the  ptodnct  is  anb- 
pinetaa  of  alutrintion,  in  a" 


Itiirad  with  a  mko  (i),  while  water  Si 
ivg  idnc  white  in  anapeniiioii.  flows  orer 


>  partition  through  a 
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(^)  into  the  trough  («),  then  under  the  partition  (/)  over  the  next  naxtiti 
80  on  to  the  partition  (^),  etc.,  till  it  reaches  the  partition  {^,  and  pam 
channel  into  the  large  basin  (i),  where  the  zinc  white  still  retaincMi  in  snsp 
posited  alter  some  time.  From  c*  the  liquid  flows  into  the  long  settling  tioa 
bottom  of  which  has  a  number  of  perforations  closed  with  wooden  plugs.  £ 
openings  are  placed  a  corresponding  number  of  vats  (h  h'  h"  h'")  into  wt 
white  deposited  in  the  trough  is  let  out.     After  remaining  here  fbr 

the  supernatant  water  ia 
and  the  pasty  sine  white,  as 
in  the  boxes  («  0^  ^  ^ 
filters  consisting  of  linen 
fig.  232),  suppoited  upon  wo 
After  the  water  has  dial 
stiff  pasty  zinc  white  rema 

p      232  ^^^^  "^^^  ^  dried  as  quic 

ble  by  the  application  of  1 
slowly  dried  the  mass  becomes  so  hard  that  it  is  difficult  to  oreak  up. 

The  drying  apparatus  is  represented  by  figs.  283  and  234,  and  oonaii 
iion  pan  (6)  about  50  feet  long  and  8  inches  deep,  supported  upon  a  thin 


Fig.  233. 


Fig.  234. 


beneath  which  pass  two  flues  from  the  furnace  (▲).  The  metal  lids  (01 
hinges,  are  for  uie  purpose  of  obserring  the  progress  of  the  drying  aa  wc 
ring  the  mass.  The  water  condensing  on  the  lids  runs  off  by  the  ehani 
pasty  zinc  white  is  spread  out  upon  the  pan  (A),  3  or  4  inches  deep,  an 
until  completely  dfv.  Instead  of  applying  direct  heat,  the  hot  air  from 
furnace  may  be  raaae  to  pass  under  the  drying  pans.  The  dried  zinc  wl 
up,  pressed  through  a  fine  neve,  and  packed. 

Latiy  in  Grenelle  separatee  the  metallic  zinc  from  zinc  white  by  boi 
dust  in  a  cauldron  with  water,  by  which  means  the  zinc  white  is  brouj 
pension,  and  carried  with  the  water  through  a  side  opening  into  settling 
the  metallic  zinc  settles  to  the  bottom  even  in  the  boiling  water  and  n 
cauldron. 

81CCATITB  FOB  Znfc  Whitb. — White  lead  paint  is  rendered  drying 
with  linseed  oil  that  has  been  boiled  with  litliarge.  This  plan  does  not  i 
case  of  zinc  white,  because  the  chief  advantage  of  zinc  white,  of  not  bla< 
atmosphere  of  sulphuretted  hydrogen,  would  then  be  lost.  Leclaire  prep 
oil  to  be  used  with  zinc  white  by  boiling  linseed  oil  with  manganese  pc 
parts  of  well-boiled  and  purified  linseed  oil  and  5  parts  of  well-groun 
peroxide  are  heated  with  frequent  stirring  nearly  to  boiling.  Instead  0 
manganese  peroxide  with  the  oil,  it  may  be  suspended  in  a  bag  in  the  bea 
manganese  peroxide  remaining,  as  the  case  may^  be,  either  in  the  bag  or  i 
of  the  boiling  yessel,  when  exposed  to  the  air,  acquires  the  property 
oil  drying  in  a  greater  degree,  so  that  the  same  manganese  peroxide  » 
numbOT  of  operations. 

According  to  Sirel,  a  very  good  dryer  for  zinc  white  is  obtained  by  inl 
ing  manganese  subchloride— completely  freed  from  iron  by  means  of  pot 
cyanide— with  19  parts  of  zinc  oxide  or  barium  sulphate ;  and  2  per 
mixture,  added  to  zinc  white,  is  sufficient  to  make  the  oil  paint  thus  yn 
36  hours. 

The  Vielle  Montague  Company  employs  the  following  dryers : 


Zinc  white .        .        . 
Manganous  sulphate  . 


980       parts 
6-66     .. 


Manganous  acetate 
Zinc  sulphate   . 


The«e  materials  in  a  fine  state  of  division  are  intimately  mixed,  and 
the  mixture  added  to  the  zinc  white  in  making  paint. 
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Banners  dr^er  eoiuristo  of  zinc  white  and  6  to  6  per  cent,  of  manganous  borate. 
Bochai's  diyer  is  made  of  20  parts  zinc  white,  6  parts  pine  resin,  2  parts  turpentine, 
and  1  part  boiled  linseed  oil ;  or,  20  parts  zinc  white,  3  parts  Burgundy  pitch,  and 
1  part  boiled  linseed  oil. 

Pbbpab^tion  of  Zinc  Whitb  Oil  Coloubs. — ^For  preparing  zinc  white  paste, 
the  dry  sine  white  is  mixed  with  4*8  per  cent  of  dryer  and  48  per  cent,  linseed  oil. 
Paint  reedy  for  use  is  made  by  mixing  together  zinc  white  with  76  per  cent,  linseed 
oil,  4*8  per  cent  dryer,  and  8  per  cent,  of  turpentine. 

When  the  surface  to  be  covered  has  a  strong  tendency  to  absorb,  as  is  the  case  with 
plaster  of  Paris  walls,  etc.,  the  quantity  of  oil  used  in  the  first  coating  is  increased 
threefold.  The  use  of  much  turpentine  is  to  be  avoided,  not  only  on  account  of  the 
slow  rate  of  evaporation,  the  unpleasant  smell,  and  the  formation  of  a  resinous  coating, 
but  also  because  it  leaves  the  zinc  white  in  such  a  loose  condition  that  it  adheres  ver}' 
badly.    Benzin  may  be  used  instead  of  turpentine  when  desired. 

Zinc  white  admits,  like  white  lead,  of  being  made  into  an  oil  colour  while  in  a 
moist  condition ;  the  oil  displaces  the  water,  which  may  be  easily  drawn  off. 

The  following  table  gives  the  percentage  amounts  by  weight  of  different  pigments 
requisite  for  producing  different  tints  with  zinc  white : 

Azure  blue 1     part  indigo 

Pearl  blue 1       »f     charcoal 

Slate  blue 100    parts  zinc  dust 

Stiaw  yellow                 .  2*5    „     zinc  or  lead  chromate 

Chamois 3       „     yellow  ochre  and  3  parts 

cinnabar 
Lamoo  yellow  .  2*5    „     chrome  yellow  and  2)  parts 

Prussian  blue 

Ooldooloiir 10       „     chrome  yellow 

Water  green         ....        8       „     Prussian  blue 

Orais  green  ....     100      „     chrome  yellow  and  8  parts 

Prussian  blue 

Olive  green 60       „     yellow  ochre  audi  2  pts  black 

Bronze  green        ....  chrome  yellow,  6  parts  Prus- 

sian blue  and  6  parts  black 

The  black  employed  is  either  ivory  black,  bone  black,  lamp  black,  or  manganese 
peroxide,  etc 

Vses.— Zinc  white  admits  of  being  substituted  in  all  cases  for  white  lead,  and  its 
use  is  advantageous  in  all  cases  where  the  atmosphere  is  liable  to  contain  sulphuretted 
hydrogen.  Besides  the  use  of  zinc  white  in  the  preparation  of  printed  goods,  writing 
paper,  wall  paper,  cards,  wood,  stone,  and  gypsum  painting,  etc.,  it  has  of  late  been 
Qsed  for  stopping  teeth  when  mixed  with  zinc  chloride ;  it  is  used  for  polishing  optical 
glasses,  for  decolorising  glass,  for  preparing  artificial  meerschaum,  for  printing  loose 
&bnc8  so  as  to  give  them  the  appearance  of  lace  or  embroideiy  work. 


FoRicuLA  ZnS.    MoLBCXTLAB  Wbight  97. 

■lstorj.---Thii  substance  occurring  naturally  as  blende,  was  first  shown  to  be 
an  ore  of  zinc  in  1786  by  Brandt ;  prior  to  that  time  it  had  been  regarded  as  a  useless 
lead  ore,  galena  vumis.    It  is  now  one  of  the  chief  sources  of  metallic  zinc 

^  OooarreBoe. — Zinc  sulphide  occurs  very  abundantly  in  various  geological  form- 
stioos,  frequently  associated  with  galena,  heavy  spar,  copper  pyrites,  spathic  iron,  and 
silver  ores. 

Zinc  sulphide  is  a  constituent  of  several  metallurgical  products,  as,  for  instance, 
copper  regulus ;  it  gives  rise  to  the  formation  of  accretions  in  the  furnaces  where  lead 
or  copper  ore  is  smelted. 

It  also  occurs,  combined  with  various  other  sulphides,  in  some  of  the  varieties  of 
&hl-ore. 


^ne  sulphide  when  pure  is  colourless,  and  in  the  crystalline  stAte 
tiansparent  or  translucent ;  the  sulphide  obtained  by  precipitation  is  white  and  pul- 
▼erulent.  As  it  occurs  naturally  it  has  more  frequently  a  yellow,  brown,  or  bhck 
eoloor,  owing  to  the  presence  of  impurities ;  and  the  mass  has  either  a  scaly  crystalline 
tntme  or  is  granular  and  compnct.    Blende  often  contAins  a  large  amount  <n  iron  in 

aa2 
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the  staU  of  ■olpbide^  and  has  th(>n  a  black  colour,  on  wbieh  account  it  is  t«niied 
black  jack. 


• 

Sulphur  . 
Zinc 

Cadmium 
Iron 

£r :    :    : 

Antimony 

Now  Jersey 

ClAOSthal 

OftrinthU 

New  Hunp* 
Rhin 

TntoMiy 

Henry 

Knhlemann 

KemtMi 

JackBon 

Beochi 

32*22 
67*46 

3304 

66*39 

0*79 

1*18 

013 

0-63 

8210 

64*22 

trace 

1-32 

0*72 

0-80 

82-6 

620 

8*2 

11*8 

88*65 
48*11 

16*28 

• 

99-68 

10116            9916 

99*1 

97*99 

Zinc  sulphide  in  the  form  of  blende  rej^uires  a  very  high  temperature  fbr  meltiiiff, 
and  it  volatilises  at  a  white  heat ;  it  oxidises  but  riowlv  when  heated  in  contact  ima 
atmospheric  air,  and  less  readily  than  most  other  sulphides.  SiUphurous  oxide  is 
given  off,  and  there  is  formed  a  mixture  of  sine  oxide  with  zinc  sulphate,  from  whidi 
greater  part  of  the  sulphuric  oxide  is  given  off  at  a  higher  temperature.  Part  of  the 
zinc  sulphide  always  remains  unoxidised.  By  fusion  with  nitre  sine  sulphide  is  easily 
and  completely  converted  into  sulphate;  it  is  decomposed  slowly  by  ados  with  evolu- 
tion of  sulphuretted  hydrogen.  The  amorphous  hydrated  sulphide  obtained  by  pre- 
cipitation, £nS.H,0,  oxidises  veiy  rapidly  on  exposure  to  the  air,  and  is  dissolved  very 
readily  by  acids  even  when  dilute. 


ro  sv&v] 

Formula  ZnSO«.    Molbculas  WmoHT  161. 

/• — This  salt,  commonly  known  as  white  vitriol  or  white  coppera% 
was  certainly  manufiictnred  as  an  article  of  commerce  at  GFoslar  in  the  Harts  about 
the  middle  of  the  sixteenth  century;  but  it  was  mentioned  at  an  earlier  date  by  Basil 
Valentin,  and  was  probably  known  long  before  that  time.  The  relation  of  white 
vitriol  to  sine  and  calamine  was  partially  recognised  by  Geoffioy  in  1713,  but  its  com- 
position was  not  established  until  1736,  when  Lemery  pointed  out  that  it  was  diffbrent 
from  green  vitriol  or  ferrous  sulphate,  and  Hellot  prepared  it  by  dissolving  sine 
with  sulphuric  acid.  Shortly  afterwards  Brandt  demonstrated  that  this  salt  contained 
zinc,  both  by  preparing  it  from  the  metal  and  by  making  brass  by  melting  the  calcined 
salt  with  charcoal  and  .copper. 

Ooourrenoe*— Zinc  sulphate  occurs  naturally  as  goslarite  at  several  places, 
together  with  blende,  and  is  probably  a  product  of  the  oxidation  of  this  mineral.  A 
considerable  quantity  of  zinc  sulphate  is  now  obtained  as  a  secondary  product 

duuraotam* — Zinc  sulphate  is  coloarlcss,  has  an  astringent  metallic  taste,  and 
is  a  poweifiil  irritant  poison  ;  it  is  readily  soluble  in  water  and  usually  crystallises 
with  7  molecules  of  water  in  right  rhombic  prisms,  which  effloresce  in  dry  air,  give  off 
37*6  percent,  or  6  molecules  of  water  at  about  100®,  but  retain  1  molecule  until  heated 
up  to  260®.  At  a  full  red  heat  the  dry  salt  is  decomposed,  ^ving  off  sulphuric  oxide, 
which  is  partially  converted  into  sulphurous  oxide,  and  yielding  zinc  oxide,  whidi 
remains  i^i  a  white  powder.  The  crystalline  salt  dissolves  in  less  than  its  weight  of 
boiling  water  and  rather  more  than  twice  its  weight  of  cold  water ;  it  is  quite  in- 
soluble in  alcohol. 

Prepamtloii* — Zinc  sulphate  may  be  prepared  by  dissolving  either  rinc  or  the 
oxide  or  carbonate  in  dilute  sulphuric  acid,  and  it  is  made  on  the  large  scale  by  roast- 
ing the  native  sulphide  or  blende  until  it  is  converted  into  sulphate  by  oxidation,  then 
dissolving  out  the  salt  with  water,  and  evaporating  the  solution  to  dryness.  Since 
the  blende  used  for  this  purpose  generally  contains  other  minerals,  the  salt  obtained 
in  this  way  is  impure,  containing  iron,  copper,  lead,  etc. :  it  is  therefore  slightly  cal- 
cined to  oxidise  ferrous  sulphate,  redissolved  in  water,  and  the  solution  left  in  contact 
with  plates  of  metidlic  zinc  until  the  foreign  metals  are  precipitated ;  the  clear  colour- 
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Um  foliition  is  then  evaporated  down  to  a  small  bulk,  and  on  cooling  the  zinc  sulphate 
leparates  in  small  czyBtaU  as  an  opaque  white  granular  mass. 

Uies. — Zinc  sulphate  is  used  in  medicine,  as  a  mordant  in  dyeing,  in  calico- 
psinting,  and  in  the  preparation  of  drying  oil  for  painting. 


FoBMXTLA  ZnCl^.    MoLRcuiAB  Wbioht  186. 

This  salt  is  a  white  translucent  solids  fusible  without  decomposition  when  anhy- 
drous, and  Tolatile  at  a  red  heat.  It  is  very  soluble  in  water  and  deliquesces  when 
exposed  to  moist  air ;  it  is  also  soluble  in  alcohol.    The  specific  gravity  is  2*753. 

Zinc  chloride  may  be  prepared  by  dissolving  zinc  in  hydrochloric  acid  and  evapo- 
rating the  solution  to  dryness,  or  by  heating  the  metal  in  an  atmosphere  of  chlorine 
gas. 

Zinc  chloride  combines  with  ammonium  chloride  and  other  chlorides,  forming 
doaUs  salts ;  and  with  albumen  or  gelatin  it  forms  sparingly  soluble  compounds.  A 
solution  of  zinc  ammonium  chloride  is  much  used  in  soldering  for  the  purpose  of  re- 
moving oxide  from  the  sur&ce  of  the  metals.  Zinc  chloride  m  the  sohd  state  has  a 
powemil  corrosive  action  on  the  skin  and  is  used  as  a  caustic ;  in  solution  it  is  used 
fSor  preserving  wood,  and  as  a  disinfectant,  the  action  in  both  cases  being  due  to  the 
combination  of  the  salt  with  albuminous  and  gelatinous  substances.  Burnett's  Disin- 
liBCting  Fluid  is  a  strong  solution  of  zinc  chloride ;  it  is  highly  poisonous. 


FOBMXTLA  ZnCO,.     MOLBCULAB  WnoHT  125. 

■Islorj. — ^This  substance  as  it  occurs  naturally  was  probably  known  at  a  very 
eariy  period,  under  the  name  of  calamine,  as  the  earth  by  which  copper  was  coloured 
yellow  in  the  production  of  brass.  The  term  calamine,  however,  was  applied  not  only 
to  the  carbonate  but  also  to  the  silicate  of  zinc ;  and  for  a  long  time  these  two  minerals 
compounded  together  were  the  only  source  from  which  metallic  zinc  was  obtained. 


—Zinc  carbonate  occurs  naturally  both  crystallised  and  as  granular 
or  earthy  masses ;  when  pure  it  is  colourless,  transparent,  or  translucent,  but  is  more 
frequently  coloured  by  the  presence  of  iron,  manganese,  copper,  etc. 


Zinc  oxide 

Oubonic  diozido 

Ferrous  carbonate     . 
1  Lead             „ 

Mansanous  „ 

Calcium        „ 

Magnesium  „ 

Cupric          H 
1  Zinc  silicate 

80ica 
.  Water 

SomerBSt- 
■hixe 

KobeU 

Aix-la-GhapeUe 

Mexico 

Monheiin 

Oentb 

o                                                eao» 

I    r  1  1  1  1  1    w^A 

96-00 

203 
1-12 

99-15 

1 
60-35 

32-31 

402    ■ 
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u — Zinc  carbonate  is  colourless  and  insoluble  in  water,  it  is  decomposed 
dowly  at  300^  and  readily  by  a  red  heat,  and  giving  off  carbonic  dioxide  is  con- 
verted into  one  oxide.  As  usually  obtained,  by  grinding  and  washing  native  cala- 
mine,  it  presents  the  appearance  of  a  palo  flesh-coloured  powder ;  the  colour,  however, 
is  merely  due  to  the  presence  of  accidental  impurity,  generally  iron  or  manganese. 

WrmpmnMLon, — The  precipitate  obtained  by  mixing  solutions  of  zinc  salts  and 
tzsd  alkaUne  carbonates  is  not  zinc  carbonate,  but  a  mixture  or  compound  of  the  car- 
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booate  with  zinc  hydrate,  and  the  only  method  of  preparing  neatnl  line  eaitaatt 
to  dissolve  the  precipitate  by  charging  Uie  liqnid  with  carbonic  dioxide,  and  to  i 
the  solution  in  an  atmosphere  of  the  gas. 

The  substances  precipitated  from  solution  of  zinc  salts  by  alkaline  carbonates 
in  composition  acooiding  to  the  nature,  strength,  and  temperature  of  the  soIutL^ 
used.    Cold  concentrate  solutions  yield  a  precipitate  containing  less  carbonic  < 
than  that  formed  in  very  dilute  cold  solutions  or  in  boiling  solutions. 

A  similar  hydrocarbonate  occurs  naturally  as  zinc  bloom,  and  in  oomUn^tlfla 
with  copper  compounds  as  aurichalcite  and  buratite. 

All  tnese  hydrocarbonates  give  off  water  and  carbonic  dioxide  at  200^,  yielding  ane 
oxide  ZnO.    The  precipitate  produced  by  a  fixed  alkaline  carbonate  dissolves  in.  anlv- 
tion  of  ammonic  carbonate  and  yields,  on  evaporation,  crystals  of  a  double  mtL 
Similar  double  salts  containing  potassium  and  sodium  can  be  obtained. 

The  native  zinc  silicate,  which  is  so  often  confounded  with  the  carbonate,  oeean 
both  crystallised  and  oompsict,  frequently  associated  with  the  native  oirbonate.  It  if 
white  when  pure,  but  generally  coloured  in  consequence  of  the  presence  of  ferric  oxidt 
or  other  impurities.  A  specimen  analysed  by  Kammelsbeig  had  a  compofttion  flon** 
sponding  to  the  formula  2ZnO.Si02  +  H,0.  F^irt  of  the  zinc  is  sometimes  n^Lud 
by  iron  or  load. 

Anhydrous  zinc  silicate  often  occurs  as  willemite  in  deposits  of  zineoni^tf' 
very  abundantly  in  New  Jersey;  a  variety  called  troostite  occurs  associated  ^^ 
franklinite  in  the  same  locality. 


ro 

Formula  Zn2(C2H,02).    Molbculab  Weiout  183. 

The  salt  dissolves  in  three  times  its  weight  of  cold  water  and  half  its  wugiit ^ 
boiling  water,  crystallises  with  3  molecules  of  water,  melts  at  100^,  and  gifee  of  iti 
water  with  partial  decomposition.  It  is  used  bv  dyers  as  a  mordant,  and  is  ofUili** 
pared  for  that  purpose  by  mixing  solutions  of  zinc  sidphate  and  of  lead  acetate^  VB^ 
decompose  each  other  according  to  the  following  equation : 

ZnSO<   +   Pb2{C,H,0,)     -     PbSO,   +  Zn2(C^,0,). 

The  clear  liquid  drawn  off  from  the  precipitated  lead  sulphate  is  thm  wtfOOid 
until  sufficiently  concentrated  to  crystallise  on  cooling. 


Symbol  Cd.    Atomic  Wmoht  112. 


This  metal  was  discovered  by  Stromeyer  in  1817.  and  about  the  same  tiai  If 
Hermann.  It  occurs  either  as  sulphide,  carbonate,  or  silicate,  associated  with  vactK* 
in  small  amounts,  and  its  name  is  derived  from  the  term  cadmia  fouQu  bj  «U 
calamine  was  formerly  known. 

Cadmium  is  a  white  metal  resembling  tin  in  appearance  ;  its  densihr  is  8*60^  tf^ 
after  hammering  8*694  ;  it  is  very  malleable,  melts  at  a  red  heat,  and  is  venrfoSilil^ 
Like  zinc,  it  is  divalent,  and  forms  but  one  series  of  compounds ;  the  oxide  OdK)  btt* 
pale  brown  colour,  is  infusible,  and  absorbs  carbonic  dioxide,  formine  carbonate.  Iki 
chloride,  bromide,  and  iodide  are  soluble  salts.  The  sulphide  CdS  is  a  bright  yeOofV 
crystalline  powder,  that  is  used  as  a  pigment  on  account  of  its  fine  colour.  It  oectf 
naturally  asgreenockite.  The  other  salts  and  compounds  of  cadmium  prasent  cot* 
siderable  an^ogy  with  those  of  zinc  in  character  and  composition. 
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Symbol  Fb.    Atoxic  Wbioht  207. 

Blstory. — The  earlieat  definite  mention  of  this  metal  h  to  be  found  in  the  works 
of  Plinj,  who  called  it  plumbum  nicrum^  and  thus  distin^^shed  it  from  another 
metal  called  plumbum  candidum  or  tubumt  which  was  probablj  either  tin  or  an  alloj 
oontainiDg  tin ;  but,  prior  to  that  time,  the  two  metals  )appear  to  have  been  frequently 
confounded  together  under  the  name  iiAXifios,  Lead  was  used  by  the  Bomans  for 
making  water  pipes,  and  its  ores  were  worked  by  them  both  in  Spain  and  in  this 
country. 

Oeevrrenoe* — Lead  does  not  occur  naturally  in  the  metallic  state  to  any  great  ex- 
tent, but  the  compound  with  sulphur  occurs  abundantly  as  galena,  and  combined 
in  several  proportions  with  antimonous  sulphide,  as  zinkonite,  plagionite,  jame- 
sonite,  feather  ore,  boulangerite,  geokronite,  kilbrikenite;  with  anti- 
monous sulphide  and  cuprous  »jlphide  as  bournonite;  with  cuproui!  si^phide  and 
bismuth  sulphide  as  needle  ore,  and  with  some  other  sulphides.  Lead  also  occurs 
in  the  oxidised  state  as  minium,  as  peroxide  and  litharge ;  the  sulphate  as  lead 
yitriol,  the  carbonate  as  white  lead  ore,  and  in  combination  with  the  sulphate  as 
leadhillite  and  sulphato-carbonate,  thetungstateas  scheeletine,  the  molyb- 
date  as  wulfenite,  the  chromate  as  melanochroite,  the  aluminate  as  lead  gum. 
Lead  also  occurs  in  combination  with  chlorine  as  cott unite,  and  the  chloride 
occurs  combined  with  the  phosphate  and  arsenate  as  pyromorphite,  combined  with 
the  carbonate  as  horn  lead,  and  combined  with  the  oxide  as  mendipite. 

The  most  abundant  ore  of  lead  is  galena,  and  it  almost  invariably  contains  silver, 
the  amount  varying  from  mere  traces  up  to  such  proportions  that  this  ore  is  an  im- 
portant source  of  silver. 


u — Lead  has  a  bluish-grey  colour  and  considerable  lustre  when  free 
from  the  thin  film  of  oxide  which  is  readily  formed  by  contact  with  atmospheric  air. 
The  metiil  is  so  soft  that  it  can  be  easily  scratched  or  cut  with  a  knife ;  it  is  very 
malleable  and  ductile  when  pure,  and  can  be  rolled  into  very  thin  sheets  or  drawn 
into  wire ;  but  these  characters  are  considerably  modified  by  the  presence  of  very  small 
proportions  (»f  other  metals  or  of  lead  oxide.  The  tenacity  of  lead  is  but  slight,  and 
a  wire  ^  inch  diameter  will  not  support  a  weight  of  20  pounds.  The  specific  giayity 
is  about  11-35  or  11*44. 

Lead  melts  at  325°  to  335°,  and  at  a  red  heat  it  volatilises ;  its  specific  heat  is 
0*0314,  and  it  has  a  low  conductive  power  for  heat  and  electricity.  When  exposed  to 
dry  air  or  to  water  free  from  air  it  is  not  altered,  but  in  contact  with  moist  air  it  is 
lapidly  covered  with  a  film  of  oxide ;  and  in  water  containing  air  and  carbonic  acid  it 
soon  becomes  covered  with  a  white  coating  of  carbonate  and  hydrate,  whi<di  is  par- 
tially dissolved  by  the  water. 

Heated  in  contact  with  air  lead  assumes  at  the  surface  an  iridescent  appearance 
as  a  result  of  oxidation,  and  it  is  soon  covered  with  a  yellowish  coating  of  oxide. 
When  the  temperature  is  sufficiently  high  to  melt  the  oxide,  it  is  absorbed  by  the  un- 
oxidised  metal,  whieli  then  becomes  dull  and  brittle. 

Acids  which  do  not  readily  yield  oxygen  do  not  act  upon  lead  except  when  it  is 
also  in  contact  with  air ;  moderately  dilute  nitric  add  dissolves  lead  very  readily, 
forming  a  nitrate.  Strong  sulphuric  acid  converts  it  into  sulphate  when  heated  to  the 
boiling  point,  bat  when  the  acid  is  dilute  it  has  little  action  upon  lead ;  hydrochloric 
add  has  but  little  action  upon  lead.  Weak  acids  like  acetic  acid  exert  a  considerable 
solvent  action  upon  lead,  especially  when  it  is  in  contact  with  atmospheric  air ;  and 
on  this  account  leaden  vessels  are  not  fit  to  be  used  in  the  preparation  or  preservation 
of  articles  of  food  containing  acids. 

The  action  of  water  upon  lead  is  of  great  importance  in  a  sanitary  point  of  view, 
sinee  this  metal  is  extensively  used  for  cisterns  and  water  pipes.  Water  containing 
only  a  small  amount  of  saline  substances,  such  as  sulphates,  carbonates,  or  phosphates^ 
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does  not  dissolye  tlie  lead  oxide  formed  on  Uie  surface  of  the  metal,  and  water  eootam- 
ing  acid  calcium  carbonate  does  not  act  npjon  lead  to  any  appreciable  extent  alter  a 
film  of  lead  carbonate  has  been  formed  on  its  snrface.  With  water  free  from  saline 
impregnation,  but  containing  carbonic  acid,  like  rain  water,  the  case  is  veiy  diflbirent ; 
since  lead  carbonate  is  dissolyed  by  the  carbonic  acid  sufficiently  to  cause  a  dangerous 
contamination  of  the  water. 

FreparatiOB. — Since  galena  is  the  most  abundant  ore  of  lead  and  the  most  im- 
portant source  of  this  metal,  the  yarious  operations  of  lead  smelting  are  chiefly  xmi' 
lated  in  accordance  with  the  chemical  characters  of  lead  sulphide.  The  ores— consist- 
ing either  wholly  or  in  part  of  carbonate,  sulphate,  phosphate,  or  other  oxy-salts  of 
le^ — require  somewhat  modified  treatment ;  but  sucn  ores  do  not  furnish  mora  than 
one-tenth  part  of  the  material  used  in  the  production  of  lead. 

Lead  ores,  howovor,  frequently  contain  admixtures  of  other  minerals,  some  of  which 
— like  fiuor  spar,  quartz,  calc  spar,  or  barium  sulphate — do  not  yield  metal  in  the  pro- 
cess of  smelting  and  are  comprised  under  the  general  term  gangue;  while  others, 
like  pyrites  of  different  kinds,  blende,  etc.,  contain  metals  which  are  reduced  together 
with  the  lead  and  remain  alloyed  with  it.  In  many  instances  such  a  result  would  not 
be  desirable,  and  therefore  such  lead  ores  are  submitted  to  mechanical  operations  of 
picking  and  sorting  before  being  smelted,  in  order  to  separate  as  &r  as  poasihle  the 
admixtures  from  the  galena.  Very  often,  howeyer,  the  foreign  minerals  are  intimately 
mixed  with  the  galena,  or  eyen  combined  with  it,  so  that  their  separation  by  mechanicid 
means  is  impracticable ;  and  in  such  cases  the  operations  of  smelting  are  modified  in 
certain  details  with  the  yiew  of  effecting  the  separation  of  the  lead  from  the  other 
reducible  metals  associated  with  it.  Sometimes  the  subsidiary  operations  carried  out 
for  this  object  are  extremely  complicated. 

As  regards  the  extraction  of  lead  frx)m  galena,  the  operation  of  smeltinff,  as  most 
frequently  carried  out,  is  based  upon  the  b^iayiour  of  lead  sulphide  when  heated  to- 
gether with  lead  oxide ;  mutual  decomposition  takes  place,  the  srdphur  combining  witJi 
the  oxygen  of  the  lead  oxide  to  form  sulphurous  oxide  gas,  while  the  lead  of  both 
substances  is  separated  in  the  metallic  state,  according  to  the  following  equation : 

PbS  +  2PbO     -     SPb  +  SO, 
239  446  621  64 

A  precisely  similar  reaction  takes  place  when  lead  sulphide  is  heated  together 
with  lead  sulphate ;  and  in  this  case  also  the  products  of  the  chemical  change  are 
sulphurous  oxide  and  metallic  lead,  according  to  the  following  equation : 

PbS  +  PbSO,     «     2Pb  +   2S0, 
289  808  414  128 

When  lead  sulphide  is  heated  in  contact  with  atmospheric  air,  it  is  gradually 
oxidised,  sulphurous  oxide  is  given  off,  and  the  lead  eyentnally  remains  partly  in  the 
state  of  oxide  and  partly  as  sulphate,  as  shown  in  the  following  equation : 

2PbS  +   70     =     SO,  +  PbO  +  PbSO, 
478         112  64  228  808 

•  Consequently,  the  substances  requisite  fbr  effecting  the  separation  of  sulphur  fitnn 
galena  so  as  to  obtain  the  lead  in  the  metallic  state  may  be  produced  by  operating 
upon  the  ore  in  such  a  manner  as  to  effect  the  oxidation  of  part  of  the  lead  sulphide 
and  the  formation  of  lead  oxide  and  lead  sulphate  sufficient  to  decompose  the  lead 
sulphide  that  remains  unoxidised.  The  smelting  of  rich  load  ores  consisting  of 
galena  is,  in  most  instances,  effected  in  this  way,  and  sometimes  the  operation  is 
carried  out  in  two  distinct  stages,  in  the  first  of  which,  termed  the  calcination,  the 
finely  powdered  ore  is  exposed  to  the  action  of  atmospheric  air  at  a  moderate  heat,  and 
constantly  stirred  about  meanwhile,  until  the  sulphide  has  been  oxidised  to  a 
sufficient  extent.  The  true  smelting  of  the  ore,  or  the  reduction  of  the  metal  it  con- 
tains, is  effected  in  the  second  stage  of  the  operation,  and  it  requires  a  much  higher 
temperature  than  the  calcination. 

It  is  obyious  that,  in  order  to  obtain  the  whole  amount  of  lead  contained  in  the 
ore  operated  upon,  the  proportion  of  lead  sulphide  oxidised  should  bear  exactly  the 
relation  to  the  unoxidised  portion  that  is  indicated  by  the  equations  giyen  aooye. 
Practically  it  would  be  impossible  to  obtain  such  a  result  eyen  with  ore  consisting  of 
pure  p:alena;  and  in  all  cases  some  portion  of  the  lead  remains,  either  in  the  state  of 
sulphide,  or  as  oxide,  sulphate,  etc.  Besides,  lead  ores  always  contain,  together  with 
galena,  other  nnltstances  which  must  be  separated  in  the  smelting,  either  as  slag  or 
uthorwii$u;  and  the  conditions  under  which  this  result  is  brought  about  also  determine 
tht^  fumiation  of  lead  compounds,  which  escape  reduction  .'ind  remain  in  the  slag  or 
other  by-products.    In  this  way  it  happens  that  in  smelting  lead  ore  there  are  obtainedi 
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■  meUUie  l«ad,  vsrioiu  other  prodacti  eontaitiing  an  HmouDt  of  the  mgt&l 
tdt  to  ba  worth  extTacttng  by  further  tieatment. 

Aaother  method  of  naBlting  Isod  orM  U  baled  npan  the  actioD  of  mebtllic  inm 
VpoB  lead  nl{iliide  at  &  high  tempantnra,  u  Aown  in  the  fbUoviiig  equation: 
PbS  +   Fa     -     FeS  +   Pb 
230         fiS  88         20r 

A.  pcatum  of  the  lead  mlphlde  combiDsa  with  the  femaa  sulphide  formed,  pro- 
dndng  a  rrgnlne  approximating  to  the  compoeition  FeS  +  FbS. 

FeiTODi  silieatA,  in  the  form  of  alag  from  iroQ-reflning  or  from  copper-cmelting 
woit^  ia  ■ometimea  mbotitntad  with  adTantage  for  metallic  iron  for  the  reduction  of 
lead  from  galena,  by  emalting  a  mixture  of  the  ores  and  slog  in  contact  with  coke  in  a 
Matt  fnioaee. 

TIm  eoanar  kinds  cf  toe  Eonlaioing,  Leaidea  galena,  ndmiit-jrea  of  iron  pyritM  or 
other  nilliddM  in  coitnderable  amount,  jleld,  when  amelted  with  scrap  iron,  odIj  a 
■DaU  noportioii  of  metallic  lead,  together  with  a  large  quantity  of  regulus  rich  in 
lead.  To  noder  ntch  orsa  more  suitable  for  amdtiuf;  thej  are  olten  submiUad  to  a 
pcelimiDalT  roasting,  either  in  open  heapa,  atalls,  or  rereriicrator]'  fnniacee,  bj  maani 
of  iriiieh  ua  inlphur,  anenic,  antimony,  zini.',  etc,  are  paitiallj  Tolat:li>ed.  and  the 
othat  nlfdudea  are  partiallj  converted  into  oxidea,  which  cnn  be  diisolred  b;  melting 
tbaroMtad  ore  with  liliceoua  alag  in  contact  with  reiluclng  agenla,  while  the  more 
nailj  reduced  lead  oxidB  jielda  metallic  lead.  A  certain  praponton  of  lead  regnlna 
ii  generallj  formed  at  the  aame  time  b;  the  reduction  of  the  aolphateB  into  whi(£  the 
•alpUdw  are  partlj  eonrelted  in  the  roaatjng  operatJon. 

At  Frnba^  the  lead  ore  is  roaatad  in  a  finely  divided  stale  io  reverberaUnr  fnt- 
naees  witil  the  amount  of  sulphur  remuning  does  not  exceed  S  per  cenL ;  and  the    ' 
Ulowing  BDaljaii  by  Mraxek  represents  ita  compositioD  after  toastJi^  : 

Silicn 17-4 

AlamiDH 1'8 

Lime 20 

Magnaia U-6 

FarroBoforric  oxide a3'3 

Zinc  oxide 16'0 

Hangunoua  oxide trace 

I<ead  oxide 320 

Cnpric  oxide 03 

Antimonic  oxide trace 

Arsenic  oxide                   .  , II 

{^nl[d]unc  acid (race 

■Sulphur  in  inilphidas 3'63 

Silver 013 


Fta.  ^^as. 
kid  down,  as  shown  upon  a  larger  acale  in  flg. 
13S,  which  represents  onljono  fourth  the  area  i 
of  the  bed.  in  such  a  waj  as  to  f  >rm  channels 
far  the  acccMi  of  air  beneath  th?  heap,  and  a 
vnodea  shaft  (c)  is  built  up  in  the  centre ;  tha 
lar^rr  Inmpa  of  ore  are  then  spread  upon  the 

wood  abora  the  opening  (c)  in  the  form  of  a  na.  ■iim. 

conical  haap(iiO.  up  to  the  level  of  the  central 

riaUt.  and  covered  over  with  layers  (//")  of  the  dust  or  rmaller  fragments  of  ore, 
damped  ilowti  to  prevent  access  of  nir.  Ths  wood  is  wt  Are  to  below,  and  the  cou- 
taitiiNi  nplated  by  dosing  or  opening  the  air  channels  beneath  the  wood.    A  hmp 


362  LEAD. 

DftbukiiMlaintaiiu  from  100  to  200  tona  af  uraawl  ramuna  bvBliK 

%1-ekM.  A  Dumlior  of  onitics  («  j  >  i)  an  formed  at  the  top  of  tba  ha* 
tor  tlie  cotJ«ciion  of  ths  Biilphnr  (^vcn  otT  from  t)i«  an  io  anffidaDtaB 
tha  coot  of  roasting.  T]ii«  operatioD  is  somotimea  rapcated  one  or  t 
ore  haa  beea  mfficientlj  oxidised.  Ore  coDtaiuing  mneh  blmda  U  «a 
uud  after  the  Ent  masting  in  ordci  to  dinolTe  ont  the  line  aol^Wta 
oiidiitioD  of  tiiat  snbatunce. 

The  Bmslting  of  lead  ores  ii  mnduttcd  eithar  in  low  foiDBCaa  lalW 
ah^ft  furnaces,  or  in  rsTorbemLorr  fontaeea. 

HuELToio  a  Hbarths. — By  heating  Inmpaofgnlena  in  eoataet  liti 
part  of  the  lead  is  reduced  lo  the  metallic  state  and  part  nmains  in  tt 
phatA.  Such  a  method  of  nmclting  coold  only  be  applied  to  Taij 
moreoTer  it  vould  ioTolru  a  very  conBiderabla  waste ;  it  ia,  ho««n 
■ome  extent,  aod  tha  rudest  furm  of  lead  smelting  is  nniad  out  in  6 
back-vooda  hearth,  represented   by  ig.   237,  and 
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iluction  of  boUowB  worked  by  water  power,  tlity  w 

to  be  exposed  to  the  prevailing  wind.     At  the  present  day  an  artificial 

always  used. 

The  simplest  farm  of  blast  funiareis  (Jint  known  by  the  nomeof  the 
in  which  the  ore  is  rcluced  by  huuting  it  in  contact  with  fuel.  One  foi 
nace,  called  the  Scotch  ore  h>'Jtrth,  in  much  used  in  Scotland  and  the  no 
the  country  ;  a  aomowhnt  siniitar  furnace  is  uaoi  in  America. 

The  Scotch  ore  hearth  is  represented  in  rcrtical  eectioa  by  Sg.  218. 
s  rectangular  chamber  (c)  about  22  inches  square  and  2  feet  high,  boil 
material  or  lined 
plates.    At  the  fro 
nace  is  the  sloping 
I  S^*— 1     (").  over  which  th( 

1 C-T'    I      I     flows  out  of  the  fin 

yond  it  is  a  cast-ii 
receive  the  metal. 
pipe  ia  placed  in  a 
bnck  of  Che  health, 
ahoTs  the  lerel  of  tl 
The  ore  cftD  be  ' 
hearth  either  raw  a 
it  is  now  Diual  to  i 
vionaly;  it  is  placeil  upon  the  lurfBCo  of  the  burning  fuel  in  the  h 
and  when  submitted  to  the  action  of  Iho  blast  for  about  five  minatea  i 
reduced,  running  down  between  the  fuel  into  the  hearth  bottom,  Fh 
ore  are  addeii  iu  this  way  at  intervala  until  the  henrth  becomes  filled  * 
which  floats  a  mass  of  burning  fuel  miinl  with  partiallT  meltad  am 
wluch  ia  termed  browao.  From  time  tn  (itjiu  a  poker  is  ihnist  into  tl 
to  raise  up  and  open  ths  mass  as  welt  as  to  lirin^  some  portion  forwaid 
stone  to  make  room  for  fresh  supplies  of  i>re.  The  browse  thus  brou 
thsn  examined,  any  lumps  that  haTo  been  furmwi  are  broken  np,  and  thi 
become  vitrified  or  hardened  bytJieheal  iiri' pickoit  out  for  working  by  a- 
Such  lumps  ore  called'  grey  slag.'  A  little  aiNkerl  lime  is  then  spnok 
jrork  stone  ;  if  it  has  a  pasty  appeorancu  frrsh  fuel  is  addei  and  tlie 
back  into  the  hearth  is  covered  with  a  furl  her  quantity  ot  frsiili  ore. 


Fio.  338. 
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Eitlm  pe»t  01  vood  ia  lued  si  fuel  in  this  opemtioD,  and  as  it  proc««dB  tba  r»- 
docad  lead  silika  down  into  llio  hmrth  bottom  until  it  tlowB  orer  tiin  work  atons  into 
the  iiao  pot  (p),  from  irhicli  it  it  transferred  b;  Indies  inM  moulde. 

la  voAii^  the  ore  bMrth  tho  Tegul&tion  of  (he  blaat  is  au  important  point.  Too 
vaak  a  blast  woold  not  produce  snfficisnt  hent  far  the  reduction  of  tho  ore,  and  tm 
■tninga  blast  would  lanse  the  production  of  slog  cODtaining  lead.  The  nature  of  t]ie 
on  opented  upon  alto  reqnireii  to  be  considered. 

liie  on  hearth,  when  constructed  in  the  mnDnor  above  deecrtbod,  allows  lead 
foDiM  to  eacapa ;  and  besides  the  loas  thus  occasioned  tliere  is  a  possibility  of  detri- 
ment to  the  workpeople.  In  order  to  obviate  (his  objection  the  mo<lificatioD  reprs- 
bj  ^.  239  has  been  introdneed.  the  heacth  being  coveml  with  a  brickvoik 


a),  at  the  back  of  irhich  there  ia  an  opening  into  the  flae,  and  the  area  of  this 
opNUBg  can  be  ngnlated  b; means  of  a  dampertnnvable  from  outside  at  A.  The  onSD- 
tog'  in  fhint  can  also  be  adjnetod  by  the  movable  iron  pUto  (c),  which  can  be  raised 
crlowarad  sa  requisite.  The  brickwork  hood  is  securely  bound  with  iron  bands  (dii), 
through  vhidi  bolla  pam  ftom  aide  to  side  of  the  hood.  The  opening  (e)  undor  the 
aich  (/)  admits  of  access  to  the  tuyere  at  the  back  of  the  heitrth  for  the  regulation 
vt  the  Uaat,  and  the  opening  (g)  at  the  side  is  for  introducing  the  chargee  of  ore  and 
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The  woric  stone  (b)  is  made  of  cast  iron,  with  a  gutter  for  the  melted  lead  to  Kbw  into 
the  iron  pot  (c).  The  form  of  the  ore  hearth  is  used  in  Carinthia,  and  it  is  worked 
essential^  in  the  same  manner  as  the  Scotch  hearth. 

In  smelting  lead  ore  in  these  hearths,  waste  products  containing  partially  reduced 
lead  ores  accumulate  in  course  of  time  under  the  name  of  hearth  ends,  wliidi  are 
generally  washed,  roasted,  and  smelted  in  the  same  way  as  fresh  ore.  Tlie  xitiified 
product  known  as  grey  slag  contains  lead  chiefly  in  an  oxidised  condition*  and  it  it 
smelted  in  the  slag  hearth  described  below. 

The  slag  produ^  in  working  the  ore  hearth  has  been  analysed  by  Flmttoir  tod 
found  to  have  the  following  composition  * 

Silica 6-260 

Lead  oxide 37*710 

Sulphuric  acid 6*038 

Ferric  oxide 19*600 

Zinc  oxide 19*200 

Lime '     .  8866 

Magnesia  and  manganous  oxide  1*417 

Alumina,  cupric  oxide,  and  alkalies    .                 .  1*760 

Molybdicacid *460 


09*201 


The  rich  slags  resulting  from  the  smelting  of  lead  ore  either  in  hearthB  or  lerer- 
beratory  furnaces,  and  containing  lead  in  an  oxidised  condition,  are  smelted  hj  a  mo- 
cess  of  reduction ;  either  in  contact  with  the  fuel  used  for  producing  the  requisite 
temperature,  in  blast  furnaces,  or,  with  the  addition  of  carbonaceous  materials,  in  re- 
Terberatory  furnaces.  Lead  sulphate,  which  is  a  frequent  constituent  of  the  rich  slsffs 
from  lead  smelting,  is  reduced  at  a  red  heat  by  carbon,  with  formatioo  of  CBrbomc 
dioxide  and  lead  sulphide : 


PbSO^  +   2C 


2C0,  +  PbS; 


Fio.  241. 


and  when  lead  sulphide  is  heuted  to  a  sufficiently  high  temperature  with  lead  sulphate, 
both  substances  are  decomposed  in  the  manner  alr^y  mentimied,  with  production  of 
sulphurous  oxide  and  metallic  lead.  The  smelting  of  slags  containing  lead  silicate 
would  be  facilitated  by  the  addition  of  ferrous  silicate. 

The  slag  hearth  (known  in  Germany  as  the  Krummofen,  and  in  France  as 
the  fourneau  4  manche),  represented  by  figs.  241  and  242,  is  a  small  rectangular 
blast  furnace  somewhat  similar  to  the  ore  hearth.    The  sole  (a)  is  a  cast-iron  plate 

sloping  towards  the  fore  hearth  (6),  into  which  the  melted 
material  is  discharged.    On  each  side  of  the  sole  plate 
there  are  strong  cast-iron  beams  (oo),  called  bearers, 
which  support  the  side  walls,  and  the  cast-iron  plate  (cI) 
called  the  fore  stone,  which  carries  the  front  wall  of 
the  shaft^  leaving  an  open  space  above  the  sole  plate 
about  7  inches  high.    The  back  of  the  hearth  is  lined 
with  an  iron  plate  reaching  up  to  the  tuyere,  which  is 
about  20  inches  above  the  sole  plate.     The  cistern  (e)  in 
front  of  the  fore  hearth  is  kept  full  of  water,  so  that  the 
melted  slag  flowing  off  from  the  surface  of  the  lead  in  the 
fore  hearth  is  suddenly  cooled  and  granulated,  and  thus  ad- 
mits of  the  more  easy  separation  of  the  lead  mechanically 
mixed  with  it.     The  lead  runs  off  from  the  fore  Jiearth  into 
an  iron  pot  (/)  which  is  kept  hot  by  a  fire. 

In  working  the  slag  hearth  the  bottom  is  filled  with  coke 
or  cinders  up  to  within  4  or  5  inches  of  the  tuyere,  and  when 
the  fire  has  been  got  up  the  slag  to  be  smelted  is  thrown  on,  the  alternate  addition  of 
fuel  and  the  material  to  be  smelted  being  repeated  at  intervals.  The  process  is  one 
of  reduction,  effected  chiefly  by  the  carbonaceous  portion  of  the  fuel,  with  production 
of  metallic  lead  and  a  fusible  slag  nearly  free  from  lead. 

The  loss  of  lead  in  smelting  by  the  slag  hearth  is  very  great  in  all  cases,  but  very 
much  depends  upon  the  manner  in  which  the  operation  is  conducted.  In  all  cases  the 
hearth  should  be  covered,  not  only  to  protect  the  workmen  from  the  efl^ts  of  the 
fume,  but  also  to  reduce  the  loss  of  le^id  by  volatilisation,  by  making  the  frunace  gas 
pass  into  a  long  flue,  where  the  lead  is  condensed  and  deposited. 

Though  the  slag  hearth,  as  its  name  indicates,  is  specially  intended  for  working 
up  by  products  which  contain  too  much  lead  to  be  thrown  away,  a  modification  of  it 
is  sometimes  used  for  smelting  ores  containing  only  a  small  amount  of  lead,  which  is. 


Fio.  242. 
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ahM^  in  Ba  oxidiwd  state.    Id  Spain,  tot  instanea,  otm  occur 
aiatiiig  «f  earth;  oarbonntM  mixed  with  lead  corbooate,  and  containing  from  A  to  lo 
par  c«Bt.  of  lead,  togsther  with  silver  amannting  to  about,  IS  or  20  ounces  per  ton, 
and  the  imeltiDg  of  thaie  ores  la  conducted  in  fornacos  sinular  to  the  algig  hearth. 

The  S^onigh  ilai;  hearth  repieeented  by  flga.  243,  2il.  and  245,  has  been  iotio- 
dneed  into  this  conntiy,  and  is  much  used  for  Bmelting  poor  and  easily  fniible  dag* 


Fio.  240. 


Tta  laad  in  tl 


Fio.  244. 


conluning  lead.  It  congiste  of  a  hollow  shaft 
of  Are  brick,  the  upper  part  of  which  ia  sap- 
parted  upon  four  CBst-irun  pillare  (////),  to 
ndmit  of  the  bod;  of  the  furnace  being  renewed 
when  requieite  without  interfering  with  the 
upper  part  The  hearth  (y)  is  dieh-shaped  and 
made  of  a  mixture  of  coke  dust  and  fbe  ela;. 
The  breast  of  the  furnace  is  made  of  a  senil- 
circnlar  p!ate  of  cast  iron,  with  a  lip  to  can;  off 
the  slag  and  a  slot  furnished  with  a  da;  plug, 
b;  withdrawing  which  the  lead  accumul^ng  in 
the  hearth  is  let  off  into  a  pot  (_!i)  at  the  eide  of 
the  furoace.  There  an  generallysereral  tajetea 
a  short  distance  above  the  level  of  the  Lreast 
plate. 

Id  working  this  fiimtce  it  is  charged  ini  U> 
the  level  of  the  door  (i),  and  the  lead  nime 
passes  off  throngh  the  apertnr    


le  materials  smelted  exieta  chiefl;  in  the  oxidised  stale  es  silicate,  etc., 
ana  me  twncing  sgeat  is  either  metallic  iron  or  slags  containing  ferrous  silicaCea. 
HnOT  spar  is  often  used  as  a  flax,  and  when  the  matMials  contAin  barium  sulphate  it 
i*  ispaciall;  useful  The  slag  is  either  allowed  to  run  into  the  breast  pan  (i)  rantain- 
iig  vatai,  ot  into  cast-iron  waggons,  and  turned  out  in  blocks  when  it  baa  aolidiBed. 

Ia  Spun  a  fnmaca  is  used  for  lend  imelting.  the  worliag  part  of  which  reaemblea 
the  slag  baarth  in  its  constroction,  but  the  ore  is  worked  without  a  blast,  the  draught 
briog  pntdoced  b;  a  cbimnev  instead,  as  shown  bjflgi.  246,  247,  and  24S.  The  bod; 
of  tbe  foTDBce  is  about  6  feet  high,  nnd  4  feet  wide.  Six  openings  (□  □)  are  left  in 
Ibc  walls  fci  the  admisuon  of  uir  and  for  drawing  off  the  slag.    The  fhriuce  is  con- 


uir  holes  {aa)  are  12  inchu  high  and  IS  incbea  vide  ootsido,  tapenng  isairiil* 
amallecdimeniiionSiBixiliowninfigii.  247  and  248.  Above  them  are  other  hd<i(rT),itJA 


I.  2Jr. 


(ice  general  I J  bricked  up,  hut  cnn  bo  opened  if  requisite.   TheinGliDadpUM(a)  MM 
for  raking  out  the  atag,  Atid  the  door  (d)  ti>r  rhargiiig  the  taraatt.    Id  tlie  nMM 
view  of  this  forntwe,  fig.  247,  tlie  nhnpu  of  the  sole  (f)  is  ehowa.    It  ia  midttf  ■ 
refract*^  argillaceouB  mBterisl,  groand  to  fine  powder  with  one  third  itivdjMj,.  . 
mht,  moiatened  with  water,  and  Ktnmptd  <lnira  into  a  rompiif t  maaa.    The  eraoMH  '"i 
IH  tlien  cut  oat,  and  in  working  lliu  funiuoo  tlie  roiluced  land  collecting  in  it  !l  !■<■    ' 
into  ametAl  pot  (t,  fig.  248). 
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Skeltoto  nr  Shaft  Furnacbs. — Lead  ores  containing  earthy  admixtures  in  con- 
■iderable  amount  ore  advantageously  smelted  in  shaft  furnaces,  together  with  materials 
suitable  for  acting  as  fluxes  upon  the  foreign  substances  in  the  ore,  and  converting 
them  into  a  sufSciently  fusible  slag.  The  decomposition  of  the  sulphide  or  other 
lead  compounds  may  be  in  this  case  effected  by  metallic  scrap  iron  added  to  the 
charge,  or  by  ferruginous  materials  which  are  capable  of  yielding  iron  when  heated  in 
contact  with  carbon.  The  ferrous  sulphide  formed  in  this  way  by  the  combination  of 
the  reduced  iron  with  the  sulphur  of  the  galena  does  not  mix  with  the  metallic  lead 
sepamted,  neither  is  it  dissolved  by  the  slag,  and  when  the  melted  contents  of  the 
furnace  are  run  out,  it  separates  as  a  distinct  layer  between  the  reduced  metal  and  the 
slag,  forming  what  is  termed  remdus  or  matt.  In  smelting  load  ores  by  means  of  iron, 
pvut  of  the  lead  contained  in  the  ore  is  almost  always  retained  in  the  regulus  by  the 
combination  of  the  ferrous  sulphide  with  some  of  the  lead  sulphide,  and  consequently 
further  operations  are  necessary  for  obtaining  the  whole  of  the  lead,  or  there  is  a  loss 
of  this  metal  proportionate  to  the  amount  of  regulus  produced. 

The  proportion  of  lead  retained  in  the  regulus  is  to  a  great  extent  dependent  upon 
the  temperature.  The  higher  the  temperature  the  more  completely  is  the  lead  sul- 
phide decomposed,  and  hence,  so  far  as  the  yield  of  lead  is  concerned,  the  use  of  coke 
as  fuel  has  given  better  results  than  wood.  However,  this  method  of  smelting  has 
not  been  found  advantageous  when  the  ores  worked  are  rich  in  galena,  and  do  not 
contain  copper ;  in  which  case  it  is  desirable  to  avoid  the  production  of  regulus. 

One  of  the  chief  advantages  resulting  from  the  use  of  iron  in  smelting  poor  sul- 
phuretted lead  ores  consists  in  the  separation  of  any  copper  they  may  contam  ;  since 
the  sulphide  of  this  metal  is  less  readily  decomposed  by  iron  than  the  lead  sulphide 
associated  with  it,  and  as  it  combines  more  readily  with  ferrous  sulphide,  the  greater 
part  of  the  copper  in  the  ore  is  retained  in  the  regulus  formed.  In  the  case  of 
argentiferous  lead  ore,  the  greater  part  of  the  silver  is  obtained  in  the  metallic  lead 
and  a  smaller  proportion  is  retained  in  the  regulus ;  but,  in  order  to  secure  this  result 
with  the  greatest  advantage,  it  is  requisite  that  the  proportion  of  silyer  to  lead  in  the 
charge  should  not  be  too  great,  and  since  silver  sulphide  combines  readily  with  ferrous 
sulphide,  it  is  often  necessary  in  smelting  ores  rich  in  silver  to  liout  the  amount  of 
silver  in  the  regulus,  by  smelting  the  ore  in  such  a  manner  that  a  htrge  proportion  of 
the  lead  remains  in  the  regulus.  In  some  cases  it  is  even  necessary  to  add  metallic 
lead  to  the  materials  smelted  in  order  to  prevent  the  retention  of  too  much  silver  in 
the  regulus. 

Among  the  other  minerals  associated  with  galena  in  mixed  ores  blende  is  to  some 
extent  dissolved  in  the  slag ;  part  of  it  is  decomposed  by  metallic  iron,  and  the  zinc 
volatilised  gives  rise  to  the  formation  of  deposits  in  the  upper  pirt  of  the  furnace, 
where  it  comes  into  contact  with  atmospheric  air.  The  sulphur  compounds  of  arsenic 
and  antimony  are  also  decomposed  by  iron,  and  the  metals  are  either  volatilised,  or 
they  combine  with  iron,  copper,  nickel,  and  cobalt,  forming  the  product  known  as 
ipeise.  Some  portions  of  the  zinc,  antimony,  and  arsenic  are  retained  by  thft  lead  and 
by  the  regulus,  and  part  of  the  antimony  in  an  oxidised  state  is  taken  up  by  the  slag. 

The  substitution  of  slags  consisting  of  ferrous  silicate  in  the  place  of  metallic  iron 
for  smelting  sulphuretted  lead  ores  is  no  doubt,  to  some  extent,  an  economical  plan  of 
supplying  iron  for  the  decomposition  of  the  lead  sulphide  in  the  ore  ;  but  it  is  also 
proljable  that  there  is  a  more  direct  reaction  between  the  lead  sulphide  and  part  of 
the  ferrous  oxide  of  the  silicate,  resulting  in  the  formation  of  ferrous  sulphide  and 
lend  oxide,  which  again  reacts  with  a  further  portion  of  the  lead  sidphide,  forming  sul- 
phurous oxide  and  metallic  lead.  The  final  effect  of  these  reactions  may  be  repre- 
sented by  the  following  equation  : 

2(2FeO,Si02)   +   /iPliS     =     3Pb   +   2(FcS,PbS)   +   2(FeO,Si02)   +   SO, 
408  1195  621  654  264  64 

Ores  containing  a  large  proportion  of  pyrites  or  other  sulphides  besides  galena 
would  yield  a  large  quantity  of  regulus  when  smelted  with  iron,  and  in  order  to  avoid 
this  result,  as  well  as  to  economise  iron,  and  to  obtain  lead  free  from  arsenic  or 
antimony,  such  ores  are  roasted  sufficiently  to  oxidise  the  excess  of  sulphides,  and  to 
volatilise  some  of  the  impurities.  ThcRe  ores  are  sometimes  roasted  to  such  an  extent 
as  to  oxidise  the  lead  as  well  as  the  other  metals,  and  then  smelted  in  shaft  furnaces 
with  slag  capable  of  dissolving  the  metallic  oxides,  which  are  not  so  readily  reduced 
as  the  lead  oxide  by  contact  with  carbonaceous  gases  at  a  high  temperature.  Even  in 
this  case  a  certain  amount  of  regulus  is  always  formed,  since  the  sulphates  produced  to 
wxne  extent  by  roasting  lead  ores  containing  sulphides  are  deoxidised  in  the  smelting, 
and  again  converted  into  sulphides.  In  smelting  according  to  this  plan  some  lead 
is  also  reduced  by  the  ri^action  of  oxygenated  compounds  with  lead  sulphide. 

Very  poor  lead  ores  containing  argentiferous  minerals  and  small  quantities  of 


niiel[«d  togedwr  witb  flazM  and  am 
^ th    ■     ■     ■■  -  ■    ■• 

KfttrWBrdB  masled  and  amalted  in 

The  fnmaces  employed  in  smtjting  ImwI  or«a  bf  tb«M  nslliodf  diflbt  I 
slag  hearths  chiefly  is  harlng  the  Literal  nlli  earned  iq>  to  a  nradi  smMi 
■0  that  they  contam  a  canaidsnible  qitaiitit;  of  the  mat«ri*l  to  be  BmUi 
colamn  eiteoding  WTeral  feet  above  the  lerel  of  the  toyere.  HwdkUgabE 
■al^JBCted  for  lome  length  of  time  to  the  oclioo  of  Tedneing  bbm  ia  tha^^ 
the  shaft,  and  ia  gndwily  heated  to  a  tampeFatnre  at  vhi<£  tha  Tariooi  m 
GUDlained  in  it  are  decompoaod  by  heat,  or  tn-  the  action  (tf  redaeug  8*^ ' 
acting  upon  each  other,  Oving  to  the  solnbility  of  lead  and  ita  *?TW*t 
alvaye  a  cooaiderable  portion  of  the  metal  carried  off  in  the  enmnt  a  gM  i 
from  the  thrdt  of  the  fnnuKa  and  on  thia  accoiuit  it  is  gonerally  l«aililil<> 
long  flue  or  a  sencs  of  Lhsmbere  in  irhich  tbe'roUiiliaedlndiagndMllyda 

Ja  Silnia  a  fomace  is  uwd  of  the  form  represented  by  fig.  34B.  ItcoM 
brick  ihaft  (aa}abont  13  feet  hi^,  and  for  aome  diftanee  mva  tlw  ti^w 
■ugDlar,  abora  that  1 


the  ore  and  flax  are  mixed 
tblowD  intn  the  fnniace;  and  tl 
pUM«  off  from  the  top  of  tha  fan 

In  v<^ng  thia  ftunaee  it  it 
witli  lead  ore  or  ilag,  eaat  iron,  a 
■lag.  The  melted  product^  ccb* 
metallic  lead,  regtUna  and  il^  ni 
into  the  hearth  and  are  eithar  n 
the  breoat  (o)  ac  by  tapjuns  a  dw 
panes  to  Uie  bottom  A  tSa  hiail 
regulni 


and  iroiied  again,  but  otherwiaa  ii 
on  the  waste  heap.  Thealagoonral 
of  fernma  silicate,  but  Mmetimcait 
sufficient  l»Bd  to  be  woAed  agaii. 
The  regulas  obtainad  in  Ulia  O 
Bt  some  other  voika  contuns  a* 
30  per  cent,  of  lead,  together  witi 
Bidnrable  amoant  of  copper  and aDa 
and  It  19  worked  in  nuiona  ways  a 
to  Its  compoailion.  For  the  conj 
traction  of  the  lead  sereral  ameltiii 
tionB  ore  sometimes  neeesauy,  aodl 
luB  ultimately  oblained,  containing 
port  of  the  copper,  is  rich  an 
this  metal  to  be  worked  Ibr 
Regqlus  ^r  in  lead  is  sometimai 
and  liiirJHtiid  to  extract  the  Mil 
phales  of  copper  or  rinc,  and  the 


Fio  24B 


obtained  by  precipitatiou  with  iron     When  thf     

ia  lane,  it  I8  again  used  as  a  flux  in  smelting  ore 

Tte  lead  ores  snuilt«d  by  the  iron  method  in  the  Upper  Harts  contaii 
tnlied  with  some  copper  pj^les,  fahl-oro,  bournoni'e  and  blende.  The  as 
silvOT  variee  considerably,  and  in  some  ingtwices  tho  argentiferous  galena  i 
panied  by  true  silver  onw,  iis  well  as  miiicralfl  containing  large  amounta  U 
nickel,  antimony  and  arsenic  The  prinripnl  giintnio  substances  are  qnait^ 
and  heavy  spar. 

These  ores  are  smelted  both  in  the  state  of  lum^  and  as  a  coarse  pow 
th^  arf  miied,  according  to  the  nature  of  the  substances  conatitnting  the  gt 
snch  a  manner  ,va  to  give  rise  to  the  production  of  a  fueible  slag,  and  so  aa  tt 
on  the  aTemgp  about  6S  or  B3  pec  cent,  of  lead,  in  proportion  to  tho  amonnt  i 
in  the  material  smelted.  Materials  containing  lead  oiide  are  also  added,  n 
^5"  I^*  ^  Pilrnctiiig  the  lead  they  contain  and  pertly  to  focilitote  the  ei 
■"*  smelted.    The  separation  of  the  quarti  is  effected  ly  i 


of  silver  f 
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an  additjoa  of  ilag  contaimug  a  Eofficientl;  large  proportiun  of  ferraiu  oiido  to  diEsoW* 
tlw  quart!  and  form  a  fusible  slag,  while  at  the  same  time  it  preTeaU  the  formatioQ 
of  lead  ailicate.  In  «ome  catee  the  ore  coataioe  a  considenible  smonnt  of  bluide,  and 
then  it  ii  nacauarj  to  increaae  (lie  proportion  of  banc  siag.  The  slag  produced  m 
thetmeltingof  regnliuCp.  371}iaiued  for  ttue  purpose,  as  it  always  contains  tome 
lead  which  augments  the  jietd  from  the  ore. 

I^e  ibaft  fOmace  lued  at  Clsosthal  in 
tlMBus,rapnsentedb7%s.  2a0and2al,  is 
aboot  31  teet  in  height  from  the  breast  to 
tlw  chaiging  dooc  (t).  and  the  ojmet  fait 
(ODUunnicatas  with  a  senes  of  condensation 
cbamben  (c  c).  The  tnvam  is  18  inches 
above  tlie  sols;  and  the  heaitli,  projecting 
bejond  the  breast  (6)  of  the  fanutM  s  opes 
at  the  bottom  from  the  back  to  tbe  front 
The  alag  Bows  oat  at  the  breast,  and  as  t 
soltdifiM  it  ie  drawn  down  the  incline  (] 
At  the  side  is  an  iron  pot  (a)  to  receive  t 
melted  lead  whan  the  tap  hole  leading  to 
the  boUom  of  tbe  hearth  le  opened. 

Ilia  heaitli  is  formed  of  refrsctAiy 
sandMone,  and  is  lined  with  a  mixture  of 
day  and  chareosl  ttamped  dowu  to  form 
a  boUo*  ipaee  or  cmcible,  in  which  the 
mellad  prcducta  of  the  operation  collect 
anU  separate  in  lajeis  before  escaping  from 
the  furnace. 

In  charging  this  fiirnacetheore IB  alvays 
thrown  towards  the  back  agaiost  the  tnjere 
and  the  ftiel  towuds  the  breast  of  the 
fbmaca  ;  br  this  means  a  channel  or  nose 
of  tolidified  alag,  about  B  or  10  inches  long 
is  formed  oppoaite  the  tujere,  and  the 
■nccaatfol  wottiDg  of  tbe  furnace  depends 
Ttrj  ronch  upon  the  wbj  this  is  managed. 

As  a  result  of  this  method  of  charging,  the  m 
(bnni  a  Tertical  lajer  above  the  nose  of 
the  tuyere,  and  the  blast  pasaingthrongh 
tbe  nose  impinges  directly  upon  ^e 
fuel,  which  forms  a  similar  hiTer  against 
the  front  of  the  furnace.  Ilie  mghest 
tsmperature  Is  therefore  at  the  centre 
of  the  furnace,  near  the  level  of  tbe 
tajsre^  When  coke  is  used  as  foel, 
there  ia  greater  difficult  in  relating 
tbs  operation,  as  the  furnace  is  liable 
to  barame  too  hot ;  but  it  has  neverthe- 
len  b«en  subetitnted  almost  entirely 
for  charcoal.  The  throat  of  tbe  furnace 
is  not  allowed  to  become  red  hat,  in 
(ader  to  prevent  the  oiidation  of  tbe 
ifon,  and  to  limit  as  much  as  poasible 
the  loss  of  lead  as  fume  and  dust. 

Tb«  charge,  consisting  of  flnel;. 
divided  ort^  old  hearth  bottome,  or 
other  materials  containing  lead  oiide, 
together  with  granulated  cast  iron,  and 
a  qoantity  of  slag  from  previous  opera- 
lioDS.  is  gradually  heated  in  the  upper 
fart  of  the  shaft,  and  the  lead  Diide 
contained  in  it  is  probably  to  some  bi- 
tsnt  reduced  by  the  asceoding  current 
of  gas ;  but  the  reaction  between  the 
ircm  and  lead  sulphide  does  not  take 
nisce  ODtil  tbe  materials  of  the  charge 
■ava  sujik  down  to  a  point  □eiu'  'he 
tayere,  and  before  reaching  the  level 
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of  the  tuyere  Uus  reaction  should  be  complete.  It  is  at  'this  part  of  the  shaft 
also  that  the  combination  of  silica  and  other  gang^e  constituents  with  the  fermginons 
slag  takes  place,  and  the  melted  products  of  these  reactions,  sinking  into  the  hearth, 
separate  according  to  their  density,  but  do  not  undergo  much  further  change.  The 
higher  the  temperature  of  the  furnace  at  the  point  where  the  reactioo  of  the  iron  and 
lead  sulphide  takes  place,  the  more  complete  is  the  decomposition  of  the  leadsnli^ude, 
and  the  smaUar  the  prc^rtion  of  lead  retained  by  the  regulus  produced ;  but  at  tiie 
same  tlaie  tihere  is  a  greater  risk  of  loss  from  volatilisation  of  lead,  unless  the  fiimaoa 
be  proTided  with  ample  means  of  condensation.  Since  the  greater  part  of  the  lead 
in  UM  materials  smelted  is  in  the  state  of  sulphide,  there  is  less  nak  of  loss  l^  the 
formation  of  lead  lilieate  and  the  production  of  slag  containing  lead  than  there  is  in 
smelting  roasted  ores. 

The  psodui  ts  of  the  operation  consist  of  metallic  lead  containing^  silTsr,  regulus,  or  a 
mixture  of  fsROus  sulphide  with  lead  sulphide  and  cuprous  sulpmde,  also  containing 
some  silTer,  and  a  black  glassy  slag  consisting  chiefly  of  ferrous  silicate,  the  com- 
position of  which  approximates  to  the  formula  FeO,SiO^  as  shown  by  Uie  following 
analjssa: 


Silica  . 
Alumina 
Ferrous  oxide 
Lime  . 
Magnesia    . 
Lead  oxide 
Antimouous  oxide 


Bodemann 


48-80 
4*62 

3600 
3*26 
1-24 
6*30 


99-22 


Bammelsberg 


45-00 
462 

35-83 
6-31 
0-75 
7-80 

0*50 


100-81 


The  lead  obtained  contains  from  0*1  to  0-2  per  cent,  of  silver,  from  0*4  to  0-76  per 
cent,  of  copper,  0*2  to  8*46  per  cent,  of  antimony,  sometimes  with  traces  of  iron,  sine, 
and  sulphur. 

This  lead  matt  or  regulus  is  frequently  crystalline ;  it  has  a  bluish  grey  colour 
somewhat  like  that  of  lead  and  iron,  and  soon  becomes  tarnished  by  superficial  oxida- 
tion of  the  ferrous  sulphide,  and  then  it  presents  the  colour  of  magnetic  pyrites ;  it 
contains  a  considerable  amount  of  metallic  lead  disseminated  through  it  in  a  veiy 
minute  state  of  division,  and  has  a  very  variable  composition,  as  shown  by  the  follow- 
ing table : 


Silphur 

BrUel               ! 

Bodemann 

Joy 

15-34 

16-40 

17-27 

18^92 

19-88 

1612 

Usid          .        .        . 

73-35 

60*69 

6578 

59-33 

58-31 

52*27 

Iton  .... 

9-90 

20*55 

1315 

19-79 

21-77 

28-82 

Ctepper 

0-39 

0-49 

115 

110 

0^28 

1-42 

Zinc  .... 

•20 

0-66 

0-67 

0*17 

2*25 

1-66 

Antimony  . 

•40 

•36 

018 

013 

038 

0*31 

Silver 

-12 

•11 

— 

— 

— 

99*70 

9915 

98-20 

99-44 

97-27 

10000 

On  account  partly  of  the  presence  of  metallic  lead  in  this  regulus,  the  relative 
proportions  of  sulphur  lead  and  iron  deviate  from  that  of  the  double  iion  and  lead 
sulphide,  FeS  +  PbS,  which  contains  19*57  per  cent,  of  sulphur,  63*33  per  cent,  of  lead, 
and  17-10  per  cent,  of  iron.  However,  it  is  probable  that  this  compound  constitutes 
the  greater  part  of  the  regulus,  together  with  varying  amounts  of  copper,  antimony, 
zinc,  silver,  etc,  in  the  state  of  sulphides. 

In  order  to  extract  the  lead  retained  in  the  regulus  or  matt,  it  is  first  roasted  so 
as  to  separate  the  greater  part  of  the  sulphur  as  sulphurous  oxide  and  ultimately  convert 
the  metals  into  the  state  of  oxides.  A  considerable  portion  of  the  lead  sulphide  is  left 
in  the  state  of  sulphate,  when  the  amount  of  lead  in  the  regulus  is  large. 

The  roasting  of  this  regulus  is  conducted  in  heaps  under  sheds,  and  it  gradually 
becomes  bluish-grey,  earthy,  and  friable.  It  is  then  smelted  with  cast-iron,  materials 
containing  lead  oxide  and  some  silicious  slag  from  previous  operations  in  a  slag  hearth, 
the  construotion  of  which  is  represented  by  figs.  252,  253,  and  254.  The  shaft  (▲  b) 
is  about  4  feet  6  inches  high,  and  wider  above  than  below. 
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Cokt  U  oMd  u  fuel ;  and  dnring  tha  melting,  part  of  the  iron  in  the  im^ied 
ngnlnB  combinea  with  the  silica  uf  tha  slag,  forming  a  more  liuible  silii^e,  and  Ihe 
lau  mlpbide  is  radocad  either  b;  the  oiidiaed  material!  or  bj  the  nietBllic  iron,  jield- 
ingmatallie  lead  and  another  regnluA.    The  carbon  of  the  fuel  alea  helpa  the  reduction 


anlaining  lead  oxide  ii  om 
jwrj  littla  iMd,  but  almost  all  the  copper  that  vaa  cc 


e  la<t  melting,  whan 
ed,  a  regolua  is  obtained  irith 
ained  in  the  original  ore. 


Fia  253 

The  furnace  is  worked  tntJi  a 
Bingle  tD;ere(Tt  [Inced  at  tbebocki 
the  eola  eloiien  tharplr  downwaida 
from  the  level  uf  tlie  tujeie,  and  tha 
loweflt  point  eitamlH  beyond  the 
Ireaet  of  the  fumece,  forming  a  era- 
cible  (b)  in  which  ihe  melted  materials 
LMllect  und  are  drawn  off  at  interrala 
by  tapping  into  the  receptacle  (r) 
outiide,  Sg.  25i  roprewntiiig  ft  bori- 
zontal  section  at  the  level  of  the 
""■  "*■  tuyere,sndfig.  263  ftfertital  iectioD; 

1  X  to  I  ahov  the  mode  in  which  the  sole  and  crucible  are  formed,  cbaivoal 

clay  (tamped  down  npon  the  slsbs  of  atone  (a,  b,  e)  at  the  bottom  of  tbe  ftirnace. 

rhe  composition  of  the  elag  obtained  in  smelting  llie  lead  leguloe  h  ahown  by 

following  aoalyeee : 


The 


Bilif*        ■        .        . 
Ferroujlorfde    .        . 
L«d  oxide        .        . 
Lime 

Ffrroue  aolphide 

Cupricoiide      . 
Potsah              .        . 

Bodanenn 

1 

39-79 

9-17 
2-12 

32-34 
«3-90 
10-01 
2-07 
S06 
3-SO 
1-20 
■06 
■05 

2S-90 
33-60 
234 
2-07 
312 

11 
21 
13 

e 

79 
44 

se 

S3 
98 

97fi2 

3818 

- 

~    1 

The  loet  two  colnmna  of  tbe  table  give  tha  m 
the  NTersl  constituents  of  UiP  slag  elilaioed  in  (melting  the  lead  rc^ns.  Aeompaiiaon 
with  the  table  at  p.  370  will  shoH-  that  thie  nlag  is  moch  more  basic  than  that  pro- 
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duced  in  smelting  the  ores,  in  consequence  of  its  haying  disaolyed  part  of  tha  ftnons 
oxide  formed  in  the  smelting  of  the  roasted  regulus. 

The  lead  obtained  by  smelting  regulus  contains  a  larger  amount  of  copper  and 
antimony  than  that  obtained  in  smelting  the  original  ore,  but  at  the  same  tima  tha 
greater  part  of  the  copper  in  the  materials  operated  upon  is  retained  in  the  regulus 
that  is  obtained  in  each  successive  smelting  together  with  metallic  lead,  unless  the 
roasting  of  the  regulus  has  been  carried  too  far,  and  too  much  iron  has  been  used  in 
smelting  it,  in  which  case  some  copper  would  pass  into  the  slag,  and  the  lead  obtained 
would  also  contain  too  much  copper. 

The  following  analyses  show  the  effect  of  the  operation  in  augmenting  the  relative 
proportions  of  copper  to  lead  in  the  regulus,  until  at  last  it  presents  the  compositioD 
of  a  copper  regulus : — 


Sulphur 

T*ad 

Iron 

Copper         

Antimony 

Silver 

No.  3  regains 
BrUel 

Kg.  4  zfgnhiB 
Bodemaan 

17-12 

4807 

8.08 

80-46 

0-74 

012 

15-55 
82-07 
1815 
84*01 

2-67 
0-07 

09*54 

97-51 

The  further  treatment  of  such  regulus  for  the  extraction  of  the  copper  will  be  de- 
scribed under  the  head  of '  Copper  Smelting.' 

Lead  ores  containing  arsenic,  antimony,  nickel,  and  cobalt^  yield  in  smelting  a 
peculiar  product  called  s  p  e  i  s  e,  which  separates  as  a  distinct  layer  in  the  hearth,  between 
the  metallic  lead  and  the  regulus :  it  has  a  steel-grey  colour  generally,  but  is  some- 
times almost  as  white  as  silver.  The  fracture  has  a  metallic  lustre,  and  is  granular  or 
laminated,  like  specular  pig  iron ;  it  is  brittle,  magnetic,  and  has  a  spedfie  gsavity  of 
7*381.    The  composition  is  shown  by  the  following  analyses : — 


Jordan 

Abrend 

Banuneltlwrg 

Sulphur  

7-82 

2-86 

204 

Arsenic  . 

6-05 

12-98  ( 
5-21  ( 

2913 

Antimony 

3-85 

Iron 

68-03 

5-54 

51-74 

Copper     . 

5-68 

44-56 

3-55 

Nickel      . 

6-52 

0-71 

8-85 

•  Cobalt 

1-67 

1-68 

2-89 

Lead 

0-60 

2611 

trace 

Silver 

•003 

-13 

— 

68-723 

99-73 

98-20 

These  products  consist  essentially  of  arsenides  and  antimonides  mixed  with  sul- 
phides. Speise  of  this  kind  is  always  produced  to  some  extent  at  the  Lower  Harts 
lead  works. 

Formerly  the  lead  speise  was  repeatedly  roasted  and  melted,  in  order  to  concentrate 
the  cobalt  More  recently,  it  has  been  the  practice  to  melt  it  with  wood  under  a  blast, 
so  as  to  obtain  black  copper  containing  cobalt  and  nickel,  together  with  a  greenish- 
black  slag,  which  finally  becomes  red,  and  contains  about  2  per  cent,  cobalt  with 
twice  as  much  nickel.    (See  Nickel  and  Cobalt) 

The  lead  ores  smelted  in  the  neighbourhood  of  Qoslar  in  the  Lower  Harti  contain 
only  a  small  amount  of  galena  together  with  iron  pyrites,  copper  pyrites,  blende, 
arsenical  pyrites,  and  antimonial  compounds.  The  gangue  substance  consists  of  heavy 
spar,  calc  spar,  quarts,  and  schist,  so  that  the  amount  of  lead  in  the  ore  is  not  more 
than  from  4  to  10  per  cent  On  account  of  the  large  proportion  of  foreifl;n  admix- 
tures these  ores  are  roasted  before  being  smelted,  and  by  this  means  the  arsenic, 
antimony,  zinc,  and  sulphur  are  partlv  volatilised.  Sulphates  are  at  the  same  time 
formed,  and  by  the  reduction  they  undergo  in  the  smelting  of  the  ore  there  is  always 
a  considerable  production  of  regulus.  The  amount  of  lead  in  the  regulus  is  sometimes 
as  much  as  20  per  cent.    The  large  proportion  of  sine  in  these  ores  gives  rise  to  the 
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fimiation  of  deponto  in  the  upper  part  of  the  fhmace,  and  it  is  sometimes  so  consider- 
able that  metallic  sine  is  obtained  as  a  by-product  of  the  smelting  operation.  Ores 
containing  a  yeir  large  amount  of  one  are  sometimes  lixiviated  after  the  first  roasting 
to  remoTe  the  nnc  svdphate. 

On  account  of  the  large  amount  of  metallic  oxides  in  the  roasted  ores  it  is  neces- 
saiy  in  the  smelting  to  use  silicious  fluxes,  in  order  to  dissolve  the  basic  oxides  and 
prevent  the  formation  of  deposits  in  the  hearth,  in  consequence  of  the  reduction  of 
iron  and  copper.  Another  reason  for  adding  a  sufficient  proportion  of  silica  is  that 
alag  containing  too  much  basic  oxide  solidifies  rapidlpr  and  is  so  dense  that  it  does  not 
separate  readilj  from  the  regulus,  thus  causing  considerable  loss.  Too  large  a  pro- 
portion of  silica,  on  the  contrary,  is  disadvantageous,  since  it  promotes  the  formation 
of  lead  silicate,  which  dissolves  in  the  slag  and  causes  loss  of  lead. 

In  the  lead  vorks  near  GkMlar  the  silicious  ore  slags  produced  in  the  Upper 
Harts  district  (p.  870)  are  used  as  fluxes,  together  with  waste  materials  containing 
lisdoadde. 

In  smelting  lead  ores  bv  this  method  lead  is  produced  partly  by  the  reaction  of 
oxidised  matenals  and  lead  sulphide,  partly  also  by  the  action  of  metallic  iron  upon 
lesd  sulphide.  The  regulus  obtained  amounts  to  as  much  or  even  more  than  the  lead. 
It  is  roasted  and  smelted  again  several  times  in  succession,  until  the  lead  is  sufficiently 
separated  from  the  copper,  and  the  copper  regulus  finally  obtained  is  then  worked  in 
the  same  manner  as  tne  copper  regulus  above  referred  to. 

The  slags  produced  in  copper  smelting,  and  consisting  of  ferrous  silicate  with  traces 
of  oop^r  and  silver,  have  recently  been  employed  as  the  source  of  iron  for  the  de- 
composition  of  lead  ores  containing  galena.  The  furnace  used  for  this  purpose  is 
elliptical,  with  six  tuyeres  on  ea<m  side  and  a  tap  hole  at  each  end.  It  boars  the 
name  of  the  inventor  Bachette.  The  copper  slag  used  in  ore  smelting  has  the  follow- 
ing composition : — 


Silica 

Alununa       

Ferrous  oxide       .... 

Lime 

3(agnesia 

Cupric  oxide         .... 
Manganous  oxide  .... 

Zinc  oxide 

Cobalt  oxide         .... 
Sulphur 

Streng 

1717 
2-73 

60-84 
3-27 
0-83 
1-77 
054 

1                1-54 

1-68 

16-96 
3*69 

70-27 
3-37 
1-30 
1-90 
007. 

0-98 

1-73 

9027                              100-26 

This  ftimace  has  been  tried  for  some  time  at  the  Harz  lead  works,  both  by  using 
the  cast  iron  obtained  by  smelting  the  copx)er  sla^  separately  and  by  smelting  the 
lead  ore  with  the  copper  slags.  The  lead  ootainod  m  this  was  not  more  impure  than 
th^  from  the  ordinary  shaft  furnaces,  and  both  the  regulus  and  the  slag  produced  at 
the  same  time  contained  very  much  less  lead  than  those  from  the  old  form  of  furnace, 
as  will  be  seen  1^  the  following  analyses :— 


Snlphur 
Iron 

Lssd      . 
Oofpper  . 
Zine            } 
Hangansse  >  * 
Antimony  )   , 
Azisnic      ( 

Kcgrultu 

Silica 

Alumina  .         .         .• 

Ferrous  oxide   . 

TiflAd  oxide 

lime 

Magnesia . 

Zinc  oxide        .    ) 

Manganous  oxide 

Copper  and  antimony 

Slag 

HUgenberg 

By 

Kerl 

4610 
8-40 

33-40 

1-02 

7-80 

•90 

3-40 

traces 

10002 

Hllgeuberg 

24*43 

40-69 

2916 

3-71 

1-41 
0-13 

26-67 

6600 

10-88 

3-33 

1-13 
0-27 

41-06 
7-28 

38-37 

0-88 

7-68 

•93 

1-60 

traces 

99-52 

9818 

97-70 

At  FonWilMiid  in  France  the  lead  ore  smeltad  U  A  bigU; oi-gentifuoiumlena con- 
taining adnuitnnw  of  blende,  p7rit«a,  qnirla,  heaxy  spar,  ud  fetipor.  "O*  arenge 
amonnt  of  lead  in  the  ore  it  tram  26  to  SB  per  cent.  The  ore  ia  thortniaUj  moatad 
on  the  nppar  hearth  (a)  of  a  Tererberatoij  fiunace,  flgs.  2M  and  267,  and  irtua  oom- 


Fm.  257. 
pletdy  oiidiBod  it  is  trausferred  throngh  the  fine  (rf)  to  the  loirer  hearth  (e),  where  it 
u  EofBcfently  heatod  to  make  the  duub  melt  before  it  is  draim  imt.  "DlU  lower 
hearth  is  concare.  rs  shown  in  fig.  256,  vhich  represents  a  transverse  section  on  the 
line  1 B  of  figs,  255  and  257.  Part  of  the  sutphntcs  formed  in  (he  roasting  are  thai 
decomposed,  and  the  solphuricoiidedriTenoff  pnises,  together  irith  gaseous  prodocU 
of  combustion,  through  the  outlet  (I'i)  nt  the  end  of  the  heart]]  into  the  condensation 
chamber  {i).  This  chamber  is  connected  with  the  chimnejr  (I)  and  with  a  fine  (•)), 
through  which  the  gae  can  be  Raised  for  the  condensation  of  fnme  if  reqain 


this   state   the  material  o 


a  about  one-third  i 


reight  of  gangne  sabstance, 
reaotof 

cent,  of  lead  sulphide. 

The  smelting  of  the  roasted  ore  is  carried  ont  in  low  shaft  Fomacos.  about  0  ftet 
high,  with  the  addition  of  metallic  iron,  finer  spar,  limestone,  materials  containing  lead 
oxide,  and  glags  from  previous  operationB.  The  products  obt^ned  are  metallic  lead, 
contuning  from  0'35  to  OS  per  cent,  of  silrer,  and  a  slag  which  does  not  contain  nun 
than  S  per  cent,  of  lead  when  the  fnmace  works  well.  Sometimes  a  regoliia  ia  pro- 
duced which  contains  a  large  nmonnt  of  lead,  bat  this  is  due  to  defective  working ;  its 
"'in  is  shown  in  the  following  table  : — 


Solphnr 

Iron 

Zinc 

Bltnt 

BeiUiia 

23 
79-6 
12  2 

M 

j      ... 

*0 

67  0 
22-4 
11 
4-5 

28-6 

6- 
file 

16-6 

OTB 

99'3 

99- 
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The  reduction  of  lead  in  this  case  is  chiefly  due  to  the  action  of  metallic  iron  and 
carbon  upon  the  lead  silicate,  and  the  ferrons  oxide  thus  produced  combines  with  the 
siliea,  forming  a  fosible  slag.  The  lead  sulphate  is  probably  reduced  by  reaction  with 
lead  oxide,  rather  than  by  the  iron,  when  the  operation  is  well  conducted,  and  owing 
to  the  small  amount  of  sulphides  in  the  material  smelted  very  little  regulus  is  then 
produced. 

The  following  analyses  of  the  slags  formerly  produced  at  these  works  will  show 
that  the  operation  was  very  defective : — 


Berthier 

RiTOt 

Silica  .... 

27- 

39- 

40- 

88- 

Alumina 

7*6 

1-6 

1-7 

1-4 

Ferrous  oxide 

82- 

21-2 

18-7 

19*2 

lame    . 

18- 

11- 

16- 

24-1 

Baryta 

26- 

8-2 

3-3 

Magnesia 

— 

21 

3-2 

2-9 

Lead  oxide  . 

18-6 

18-2 

18-1 

60 

Zinc  oxide    . 

1-7 

1-6 

1-6 

Sulphuric  acid 

— 

10 

2*8 

21 

— 

98-7 

98-6 

At  Freibeig  lead  ores  consisting  of  argentiferous  galena,  and  containing  from  20  to 
30  per  cent  of  lead,  aze  smelted  with  the  twofold  object  of  obtaining  the  lead  from 
them  and  of  wintitig  it  serve  at  the  same  time  to  extract  silver  from  other  ores 
which  contain  little  or  no  lead,  but  consist  chiefly  of  quartz  containing  argentiferous 
inm  pyrites,  copper  pyrites,  and  blende.  For  this  purpose  the  several  ores  are  mixed 
80  that  the  average  amount  of  lead  is  from  20  to  35  per  cent,  and  roasted  in  order  to 
ozidifle  the  pyritic  minerals,  as  well  as  to  volatilise  arsenic,  antimony,  and  zinc.  Some 
of  the  Freibezg  ores  which  contain  too  little  lead  to  be  worth  smelting  for  this  metal 
abne,  but  contain  a  considerable  amount  of  silver  and  some  cooper,  are  smelted  to- 
gether with  slags  produced  in  smelting  lead  ores,  so  as  to  obtain  toe  metallic  sulphides 
they  contain  in  the  state  of  a  regulus,  which  is  roasted  and  mixed  with  the  lead  ores 
when  they  are  smelted,  with  the  object  of  furnishing  in  the  furnace  ferrous  oxide  to 
combine  with  the  silica  of  the  ores  and  form  a  fusible  slag.  Formerly  such  poor 
pyritic  ores  were  smelted  in  shaft  furnaces,  but  recently  these  have  been  superseded 
by  reverberatory  furnaces,  and  the  ores  are  worked  together  with  lead  slags  containing  a 
small  amount  of  lead,  which  is  by  this  means  extracted,  and  passes  into  the  regulus  to- 
gether with  the  silver,  lead  and  copper  of  the  ores.  The  composition  of  the  r^ulns  is 
given  in  the  following  table : 


Sult^ur    . 

Lead. 

Lf»»n  . 

Copper 

Zinc  . 

Silver 

Nickel 

Antimony  . 

Arsenic 

SUica 

Oxygen  slags 


Plattner 

26-49 

8-86 

67-33 

3-27 

1-38 

•16 

•61 

•19 

1*24 


99-42 


Owing  to  the  large  amount  of  pyrites  in  these  poor  ores  and  to  the  circumstance 
of  their  being  fmieltod  in  the  raw  state,  no  metallic  lead  is  obtained,  and  the  effect  of 
the  operation  consists  chiefly  in  the  concentration  of  such  small  amounts  of  lead  and 
copper  as  the  ore  contains,  while,  at  the  same  time,  the  lead  regulus  left  in  the  slag 
produced  in  smelting  the  richer  ore  is  extracted. 

The  slag  product  at  the  same  time  consists  chiefly  of  ferrous  silicate  containing 
about  1  per  cent  of  lead,  0*24  per  cent,  copper,  and  a  trace  of  silver :  it  is  cast  into 
blocks,  which  are  either  used  at  once  for  building  purposes  or  thrown  away. 


The  riuher  lead  oiei  are  >melt*i  id  »  Bhsft  fnimo*  of  tin  bod  Km 
SI.  2fiS  to  281.  ltiBCODrtrnctodof«ab«t«ntUl  itone  walla  ^i{«^)liiiad«nb 
ni  and  npon  a  solid  fooitdadoD  (o)  nndtr  which  thers  mo  drainB  {«  6)  to  cm^ 
Mow  the  hearth  there  ia  a  bed  of  ilag  (o)  connd  by  a  layer  of  loam  [py 


Fio.  9M. 

IB  separated  b^  a  partitMO 
parts,  and  ia  tnimgalBr  in  I 
ahowD  by  fig.  260.  The  I 
projocta  bejond  the  IffaMt  ■ 
which  the  elag  flows  off  into 
(m)  Rod  it  is  formed  of  a  lay 
duat  and  fire  clay  (g)  suppnt 
by  the  dam  plate  (n).  TAa 
tnjerea  (i  i)  set  at  an  angl 
eliued  downwatds.  The  i 
thrown  ia  through  the  doon 
holes  (f)  are  £w  remorin^  aa 
lion  while  the  famace  ii  in  o 
In  ameltdng  the  TOMted  i 
i*  mixed  with  rautad  ng 
previous  opemtions,  floor  ^ 
and  nlirioDs  slag.  Coka  il 
Aial,  and  the  ameldng  opanti 
dnetfll  BO  thnt.a  moa  is  taa 
,^  the  tnyere  anid  withont  tta 

""■  SOO-  tnnoel  head  of  the  fornaos. 

The  pndnctB  are  metallic  lead,  ngnliu^  and  slag;  aometimei^  *1m^  »  ■ 
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riltiog  pnncipnlly  of  iron  and  WKDic,    The  lead  thui  obtained  contains  about  -6  pat 


Mii  nlT«r,  logatlier  irith  iome  copp«r,  antimony,  arsenic,  and  iron,  unol 
to  about  8  per  cant,  of  the  metal  obtained. 

The  ib^  piadneed  ha*  the  composition  given  in  the  fallowing  table : 


mttngr 

Blchtffl                1 

SiUca 

Sfi'lS 

43-26 

28'U 

Alomiu     . 

108 

3-20 

6-1$ 

6  85 

FeiTOOi  oxide 

38-25 

3315 

37-23 

4121 

Umo.        . 

6'9a 

6-41 

7-68 

8-B4 

B^rjU        . 

3-87 

Laa  oxide' 

0-63 

oen 

711 

3-SO 

Sue  oxide. 

8oe 

7-83 

780 

S'S2 

Oopric  oxide 

0-73 

061 

0-50 

100 

a^^    . 

3-80 

0-31 

2-*7 

368 

so'ea 

10013 

lOl'Sfi 

101-eo 

B  regalng  mecbonicall;  diueminated  thnogh  th» 
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and  while  the  ferrous  oxide  it  coDtains  serves  as  a  fiox  for  the  siUciou  iogndiotitf 
those  ores,  the  lead  and  sUvcr  it  contains  are  extracted  and  obtained  in  the  ngatu. 

The  regnlus  produced  in  smelting  the  lead  ore  in  the  shaft  fnmace  amonnti  to 
about  half  the  -weight  of  the  lead  obtained  with  it,  and  on  the  aTerage  it  ccmtuu  SO 
per  cent,  of  lead,  20  per  cent,  of  copper,  and  0*2  per  cent,  of  silrer. 

The  re^ns  from  the  blast  fomaoe,  after  having  been  roasted,  is  snbmittad  tot 
second  smelting  with  slag  and  various  l^-products  containing  lead,  by  which  t  fMliK 
quantity  of  metallic  lead  is  obtained  from  it»  together  with  a  sinaller  qnsBti^of 
rcgulus  containing  some  of  the  lead,  the  composition  of  which  is  shown  by  theftUov- 
ing  analyses,  2,  3,  4,  as  compared  writh  the  composition  of  the  first  regulns  1 : 


Plattner 

Sulphur      

1 

s 

3 
19-85 

i 

10-63 

21-31 

22-83 

JjOH'i 

2513 

20-25 

23-29 

31-82 

Iron 

3312 

2705 

36-02 

87-20 

Coi>l>«T 

1210 

27-61 

16-28 

12-94 

Nickirl 

— 

101 

2-33 

•64 

Zinc 

— 

0-23 

0-14 

1-44 

Silvn- 

•20 

012 

0  12 

0^10 

Arsci'io 

2-46 

0-65 

1-25 

ra 

Antiiiior.y 

4-75 

100 

0-85 

•7S 

Cirlion 

1        

— 

— 

99-23 

9913 

98-34 

It  is  probable  that  part  of  the  load  in  this  regulns  is  in  the  metallic  state,  leiqg^ 
Ki>Ivod  by  the  molted  ferrous  sulphide  of  which  it  chiefly  consists.  From  the  fntgoiBi 
figures  it  will  be  seen  that  in  the  regulns  from  the  ore  smelting  the  propoitian  of 
copper  to  iron  and  load  is  much  smaller  than  it  is  in  the  regains  obtained  hytbenb* 
sequent  operation  of  smelting  the  first  rcgulus  from  the  shaft  furnace  with  matefiili 
containing  lead  oxide.  The  effect  of  this  operation  is  in  fact  not  only  to  sepsnte  Vti 
in  the  metallic  state,  but  also  to  concentrate  the  copper  in  the  regulns. 

The  8u}>sequent  treatment  of  the  rcgulus  is  intended  to  efiect  a  further  s^niam 
of  the  lead  and  silver  from  the  copper ;  for  this  purpose  the  robins  is  slightly  nwli' 
in  kilns  so  as  to  convert  the  greater  part  of  the  iron  and  lead  into  the  state  of  OGodft 
while  leaving  the  copper  as  sulphide.  It  is  then  smelted  together  with  hlast>fiiBBM 
slag,  which  is  sufficiently  silicious  to  dissolve  the  oxidised  iron.  The  prodndi  of  tn 
o})eration  are  metallic  lead  containing  most  of  the  silver  and  some  copper,  toflth* 
with  copper  regulus,  containing  lead  and  some  silver,  in  the  proportions  shown  ^f  tk 
following  analysis,  and  a  slag  consistin&r  of  ferrous  silicntc  : 


Copper  Rcgulu». 

Sulphur 2100 

Copper 36-20 

Lead 24-80 

Silver 0-16 

Arsenic — 

Iron 15-20 

Nickel ; 

Zinc    (      


Copper  Reffulus  Slag 


2-64 


10000 


Silica 

Ferrous  oxide 
Alumina    . 
Li  mo 

Magnesia  . 
Lead  oxide 
Cupric  oxide 


Bmb 

urn 

61-08 
4-38 


1«(HI 


The  slag  from  this  operation  is  used  as  a  flux  in  smelting  silidons  ORii  or  ii 
smelting  regulus,  and  according  to  the  amounts  of  lead  and  silver  in  the  copper  zifdS ; 
it  is  either  roasted  and  smelted  again  with  materials  containing  lead  oxide,  iW >• 
regulus  is  obtained  containing  50  or  60  per  cent,  of  copper  writh  abont  10  per  OHtV. 
copper,  or  treated  at  once  for  copper.     (See  Copper  Smelting). 

SMELTTiro  IN  Krverberatort  FiHUTACKs. — In  the  extraction  of  lead  from  gil**  i 
by  this  method,  the  ore  is  in  the  flrst  instance  partially  roasted,  so  as  to  convert 
of  the  sulphide  into  lead  sulphate  and  lead  oxide  (see  p.  360) ;  the  heat  is  then 
to  such  a  degree  that  these  substances  react  upon  the  unaltered  portion  of  self 
yielding  in  both  cases  metallic  lead  and  sulphuric  oxide,  according  to  the  €dU( 


equations:  PbS   +   PSO^     -     2P1>  +   2S0^  and  PS   +   2PbO 


8Pb  *!-  90 
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In  order  tx>  obtain  this  result  in  the  most  advantageous  manner,  it  is  eridont  that 
the  roasting  operation  must  be  regulated  so  as  to  furnish  lead  oxide  and  sulphate  in 
snch  proportion  relatively  to  the  unaltered  sulphide  as  is  indicated  by  the  foregoing 
equations.  An  essential  condition  of  this  method  of  smelting  sulphuretted  lead  ores 
in  that  they  should  consist  chiefly,  if  not  entirely,  of  galena.  Ores  containing  ad- 
mixtures of  other  sulphides,  oxides,  etc.,  are  not  so  advantageously  worked  by  this 
method  (see  p.  384),  and  the  presence  of  silica  or  silicates  is  very  prejudicial  on 
account  of  the  liability  to  the  formation  of  fusible  lead  silicate  which  does  not  react 
with  lead  sulphide  in  tho  same  manner  as  the  sulphate  does,  and  mixing  with  the  slag 
causes  very  great  loss.  The  lead  ore  is  therefore  carefully  prepared  so  as  to  separate 
quartz  and  other  substances  ^m  the  galena,  but  since  the  puriflcation  of  the  galena 
by  such  preparatory  operations  is  neyer  complete,  the  slag  produced  in  smelting  lead 
by  this  method  always  contains  some  lead,  and  very  frequently  sufficient  to  admit  of 
being  worked  by  other  methods  for  the  extraction  of  the  metaL  Even  when  pure 
galena  is  operated  upon  in  the  reverberatory  furnace,  a  certain  amount  of  the  lead 
remains  in  the  slag. 

The  reyerberatory  furnace  employed  in  lead  smelting  is  somewhat  differently  con 
stnicted  in  different  localities,  and  the  hearth  is  either  cup-shaped  with  the  lowest 
point  ^  the  centre,  or  it  is  uniformly  inclined  towards  the  end  of  the  furnace,  and  is 
slightly  hollowed  in  the  same  direction  at  the  slope.  The  former  mode  of  construction 
is  designed  for  melting  down  the  charge  in  one  mass,  and  retaining  it  in  a  melted  con- 
dition long  enough  to  allow  the  separation  of  the  reduced  metal  from  the  slag,  and 
fumaoes  of  this  £nd  are  chiefly  used  in  England,  Brittany,  and  Savoy.  The  furnaces 
with  sloping  hearth  are  used  in  Carinthia,  Qermany,  Spain,  and  they  are  intended  to 
udmit  of  the  gradual  separation  of  the  lead  from  the  roasted  ore  without  melting 
dewn  the  charge,  but  merely  heating  it  to  such  a  degree  that  the  reactions  between 
lead  sulphide  and  the  sulphate  or  oxide  may  take  place.  The  temperature  requisite  to 
prodnce  this  result  is  above  the  melting  point  of  lead,  and  consequently  the  metal 
flows  away  from  the  heated  mass  along  the  sloping  hearth  to  the  point  where  it  escapes 
into  a  receptacle  placed  outside  the  furnace. 

The  Fbntshire  furnace  is  represented  by  flg.  262  in  vertical  section,  and  in  hori- 
smtal  section  by  fig.  268. 

On  each  side  of  the  smelting 
chamber  of  the  furnace  there  are 
three  doors  (///)  by  which  tho 
workmen  have  access  to  the  charge 
for  the  purpose  of  stirring.  The 
fireplace  {a)  is  separated  from  the 
smelting  chamber  by  the  fire  bridge 
(c).  The  h<^per  (A)  in  the  arch^ 
roof  <d)  of  the  furnace  serves  for 
introducing  the  charge  of  ore.  The 
hearth  is  nearly  square,  and  it  slopes  down  from  the  fire  bridge  and  fhmi  the  opposite 
end  of  the  smelting  chamber  towards  the  centre,  where  it  is  about  two  feet  deeper 
than  the  sill  of  uie  middle  furnace 
door  (/) ;  the  tap  hole  (<;,  fig.  262), 
is  at  a  level  with  the  bottom  of  the 
hearth,  and  through  it  both  the 
reduced  lead  and  the  slag  are  run  off 
into  the  cast-iron  pan  (t).  The  hearth 
of  the  furnace  is  formed  of  slag 
obtained  in  previous  operations  ;  this 
is  heated  mntil  it  assumes  a  pasty 
condition,  and  then  spread  into  the 
required  shape  by  means  of  paddles. 
The  flues  (ffff)  carry  off  the  gaseous 
products  from  the  fuel  as  well  as  those 
•volred  by  the  treatment  of  the  charge, 
and  since  there  is  a  considerable 
quantity  of  lead  carried  off  in  the 
state  of  vapour,  or  as  an  extremely  ^'^*  '^^• 

fine  dust,  the  flues  of  the  smelting  furnaces  are  often  connected  with  condensing 
diambers  which  serve  no  less  for  the  recovery  of  lead  that  would  otherwise  lie 
wasted,  than  for  preventing  injury  to  vegetation  and  animal  life  by  its  discharge  into 
the  air.  In  such  instances  several  furnaces  are  connected  together  as  shown  in 
flg.  2M,  and  the  waste  gas  from  all  the  furnaces  (a  a  a)  is  led  into  a  common  flue 
{ece)  eommonicating  with  the  condensing  chamber  (e)  and  the  chimney  (A). 


Fio.  262. 


ThB  ordinary  charco  of  ore  in  th«Bc  fimaccs  ii  about  20  ewk :  aAer  Imb| 
thnmgh  Lhv  hopper  («),  it  is  spread  aniformlj  arm  the  uppor  put  of  tba  ha 
„  „  J.  ^  ^  iDodentelj  heated  dnnngtlw^Msgftl 
rn  p^  pn  r^  f^  white  llie  fiunaes  doM  an  doNd  t 
1^     L  J     UJ     L'j     L^    diBBght  cfaecked  bj  lovniu  the  dMpi 

j^^~"^^^^^~  the  firet  fire,  the  on  is  oxidind,  ■ 
tliij  process  bu  beao  cmiried  ta  wv 
dsmpeis  are  portly  nised,  fresh  fad  aA 
the  beat  iDcreoaed  to  blight  ndnaa  fat 
dorn  Ilie  ehaige  by  the  eeeoDd  (ita, ' 

kept  np  for  26  ir ►—    J--—  -"* 

caasiderable  qDa~ 
and  (xiU«:ta  at  th 

I  then  opened  and  the  vork . 

SUfiKe  of  the  slag,  which  rendera  it  suffidentlj  postj  to  ollov  of  being  poA 
from  the  meltfll  metal  to  the  higher  parts  of  the  heaiu.  Meanwhile  the  nm 
down  a  little,  and  the  slag  and  on)  upon  the  upper  pnrta  of  the  heortli  on 
with  ntkee,  and  af^r  nbont  three  houcs  fresh  fuel  is  added  for  Uw  thiid  f 


^ 


The  fnmace  doors  a 


T  2b  minntaa,  dniiw  iriU 
a  qoooti^  tt  ndnced  lead  ii 
I  at  the  bottoa  of  the  beoitb. 


hare  tbs  efirct  mffiuilitBtiDg  Iho  separation  of  the  lead,  and  the  addition  d 
tecta  the  milled  metal  from  oxidation,  bnidee  n'udenng  the  slags  leas  hqaa, 
is  termed  drj.  After  giTing  a  fourth  fire  the  doon  are  opened  aod 
hole  (t,  Sg.  2fl2)  ta  pierced  so  as  to  let  the  melted  lead  flow  from  the  hearth 
pot  (i).  Some  more  lime  is  then  added,  and  then  the  dried  alag  is  pnshed  b 
raked  oat  of  the  doon  at  the  buck  of  the  famaoe. 

The  whole  opemtion  termed  a  smelting  shift  ocenpiea  about  fosr  hou 
half  from  the  time  of  charging  the  fivnace.  In  the  north  of  ir.ngUmt  amalfal 
are  worked,  Tailing  from  13  to  U  cwt.,  and  in  Conwall  the  choig*  ii  u  I 
30  cwt  or  even  3  tons. 

Somedmet  the  operatioDs  of  routing  and  smelting  are 
funiaMi  which  are  conaect«d  together,  as  shown  bj  flg.  2eA,  which  i 
or  tapping  oidn  of  the  taitiKce. 


lIusplaD  is  followed  in  ComwuU,  and  tin;  (n-o  operations  of  roiistlngandi 
are  termed  the  caleination  and  the  flowing.  The  calduin^  f umaca has i 
the  bed  through  which  the  n»Btod  uru  is  riiked  down  into  an  arched  Ttdtl 
^e  flowing  fomace  is  similar  to  that  used  in  "Wales,  and  the  operation  iaoi 
caaentially  ia  the  same  manoer  aa  the  aerond  stage  of  the  troatmsnt  jaat  dt 

After  topping  off  the  reduced  lead  which  has  melted  ozid  run  down  into  tk 
|iart  of  the  heuUi,  the  mdled  (lag  is  mixed  with  lime  and  eo«]  dut.  and  vfa 
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nadvMd  PA«l7  oi  diiad  ap  as  it  ia  termed,  it  is  spread  upon  the  highar  part  of  the 
bwth.  Some  scrap  iron  is  gsnerBily  add^d,  whic^  halpe  the  rednetion  of  lead  sul- 
phide, and  floor  apor  is  added  as  a  flux.  The  furnace  doors  are  tlien  dosed  and  tli* 
charge  melted  down  again.  The  le&d  oiiile  in  the  slag  is  decomposed  piutlj  bj  ths 
catboD  added  in  the  shape  of  coal  dust,  and  by  the  action  of  the  iron  upon  lead  ml- 
phide,  a  further  qaanUt}r  of  lead  is  produced,  together  with  ferrous  snlphide,  that 
fcnna  a  regvlua  and  rateins  greater  port  of  the  copper.  In  tapping  the  furcace,  this 
nit^ua  is  separated  and  subjected  to  further  LreatmsDt  for  sepanttiog  any  Irad  it 
ma;  contain. 

The  reTerberatory  fnmace  employed  at  Bleiberg  in  Cariathia  for  lead  emeltjng  is 
represented  by  figa.  2S6  to  260.  The  hearth  (i)  is  long  and  narrow,  with  a  connder- 
sue  inclination  from  one  end  to  the  other,  and  hollowed  out  so  as  to  form  a  gotter- 
Uk«  ehuDsl  aa  shown  in  the  tranirerae  section,  flg,  269.  The  ^replace  (a)  ia  at  the 
side  <rf  the  hearth,  and  leparoled  from  it  by  a  Are  bridge,  and  the  Are  gu  after  passil^ 
ttouagh  the  vorkiog  chunber  of  the  fOmace,  escapes  through  the  flue  (s)  into  the 


M: 


Fio.  268. 


Fm.  a«9. 


The  hearth  is  formed  of  two  layers,  as  shown  in  figs.  267  and  269,  the  lower  ooe 
Knosdiig  of  day  and  the  upper  one  of  slag,  rammed  down  and  hanlensd  by  heat. 
Ihne  ftunaees  are  generally  bnilt  in  pain  with  a  common  chimney,  as  shown  in  flg. 
MM,  which  represents  a  front  eleTBtion.  The  sloping  hearth  is  intended  to  aflbrd  an 
ewiott unity  for  the  lead  resulting  from  the  reaction  between  lead  sulphide  anij  lead 
onde  or  snlphata  to  flow  out  at  once  into  ths  receptacle  {d)  placed  onteide  the  work* 
iag  door  of  the  fnmaes.  The  quantity  of  Ore  worked  does  not  amoant  to  more  than 
J  or  4  hundredwaght  at  eich  diarge. 

In  working  this  furnace,  the  roasting  operatjon  is  carried  out  very  gradually,  and 
•hen  soffidently  br  advaticed,  the  heat  is  nised  to  bring  about  the  reaction  between 
the  oiidiBad  portion  and  the  lead  sulphide.  The  separation  of  the  metal  is  promoted 
by  rigomuily  stirring  the  mass,  and  increasing  the  temperature  until  the  whole  of 
the  lead  snlphide  is  decomposed  and  no  more  lead  flows  ont  into  the  receptacle  (d). 
The  Ie«d  which  separates  at  first  when  the  temperature  is  lowest  ia  the  moat  pure. 
and  that  obuined  utter  raising  the  hest  is  leas  purs.  When  the  pasty  mass  from 
which  lead  has  ceased  to  run  out  begins  to  melt,  it  is  mixed  with  coal  dust  and  again 
hsated  strragly  ;  the  lead  oxide  it  contains  is  thas  reduced,  and  a  further  separation 
ef  lead  takes  place,  until  at  last  when  the  furnace  haa  attained  a  full  r«l  heat,  the  slag 
Knaining  contains  but  very  little  lead. 

nia  method  of  smelling  is  eipDnsiveanaocountof  the  time  and  labour  it  reqnires. 
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"Witb  psM  on  rich  in  l«ad  it  yieldi  lead  of  wrj  good  qnali^,  but  it  vonld  not  ba  kp- 

plicabfa  in  the  mm  of  ore  containing  Kdmixtima  of  Mbsi  minenU. 

The  rerarbentoi;  inmace  employed  for  lead  smelting  in  Tnnee  is  repnMntfld  bj 
Bga.  270  to  272,  the  flnt  being  a  longitudinal  gectioa  on  the  line  A  B,  flg.  271,  tlw 
second  a  horiiontiil  section  on  the  line  0  D,  Og.  270,  and  the  tbitd  a  tieBBrena  aadioD 
on  the  line  ■  f,  Og.  270.  The  working  doon,  three  in  nnmber,  are  placed  oa  one  mAt 
of  the  Itamace,  and  the  [wt  (i)  tot  nceiving  the  lead  is  opposite  the  middle  door. 


The  flreplAce  is  sepftrated  ftom  tiie  smelting  chamber  b;  tha  bridge  (A),  and  tlia  hearth 
ig),  besides  beiag  slightl;  hollowed  from  end  to  eo^  as  shown  in  Sg.  270,  dope* 
fram  (Hta  side  of  the  fumnc<e  bi  the  other,  as  shown  in  fig.   272,  the  lowest  side 


being  next  to  the  leceptaclo  (i). 


formed  on  the  inrfoce.  The  tem- 
peiatnre  is  then  rednced,  and  Ifaa 
charge  stiFred  nntil  at  the  end  of 
abont  fbor  honrs  it  befpns  to 
soften,  and  globnles  of  lead  appeu 
aa  the  nsnlt  of  the  reaction  be- 
tween lead  milphale  and  lead 
Ifsnlpliide.  At  tfaiSBtageaqnanlil; 
of  wooil  or  smnll  ooal  is  thiown 
n^n  the  mass,  and  it  is  adiTfllj 
stirred,  while  mttnlltc  lead  runs 
iniu  the  well  of  the  heertb,  baa 
vhence  it  ih  tAppad  off  into  the 
Fill.  272.  pot  (i).    A  necond  roasting  then 

follows,  and  some  coal  or  wood  is  thrown  upon  the  diatge  in  order  to  reduce  the  lead 

oxide,  folbwed  Ij  further  stirring  to  sepuntte  the  rednced  luad. 
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The  chief  point  in  which  the  French  method  differs  from  that  practised  in 
Carinthia  consists  in  roasting  the  ore  so  that  a  mnch  larger  proportion  of  the  lead 
sulphide  is  converted  into  sulphate,  before  the  temperature  is  raised  to  the  point  at 
which  the  reaction  between  lead  salphate  and  lead  sulphide  takes  place.  Consequently 
there  is  only  a  small  quantity  of  lead  produced  in  this  way,  and  the  product  of  the  re- 
action is  chiefly  lead  oxide,  as  shown  in  the  following  equation : 

PbS  +   SPbSO^  =  4PbO   +   4S0,. 

The  lead  oxide  thus  formed  is  readily  decomposed  by  carbon,  the  products  being 
metallic  lead  and  carbonic  oxide,  according  to  the  following  equation : 

4PbO  +   4C  -  4Pb  +   400. 

Any  lead  sulphate  that  remains  in  the  charge  is  partly  converted  by  the  carbon  of 
the  wood  into  sulphide,  with  formation  of  carbonic  dioxide,  and  then  by  reaction  with 
another  portion  of  the  sulphate,  yields  lead  oxide  and  sulphurous  oxide  : 

3PbS0,  +   PbS  =  4PbO  +  480^ 

A  rude  form  of  reverberatoiy  fdmace  has  long  been  used  in  Spain  under  the  name 
of  boliche  for  the  smelting  of  lead  ore.  It  consists  of  two  arched  chambers,  only 
one  of  which  is  used  for  the  treatment  of  the  ore,  and  the  other  probably  serves  the 
porpoee  of  regulating  the  draught.  The  hearth  of  the  boliche  is  sloping,  and  at  one 
extremity  there  is  a  well  connected  with  a  receptacle  outside  the  furnace,  into  which 
the  reduced  lead  runs  out  by  tapping. 

The  slog  produced  in  smelting  lead  ores  in  reverboratory  furnaces  is  always  rich 
in  load ;  but  as  will  be  seen  from  the  following  table  of  analyses,  it  varies  in  composi- 
tion according  to  the  nature  of  the  gangue  substance  in  the  ore. 


Silica . 
Alumina 
Ferric  oxide 
Zinc  oxide  . 
Lime  . 
Lead  oxide. 
Lead  sulphate 
Uiirium  sulphate 
Calcium  sulphate 
Calcium  fluoride 
Lead  sulphide 


FUntshlre 

Derbyahire 

PoaUaonen 

Toolcey 

Berihier 

13-52 

--^ 

— 

24- 

801 

— 

•^ 

— 

__ 

2-86 

15-4 

5-6 

1   4-5 

20 

14- 

7-62 

7-2 

8-0 

20 

27* 

12-68 

160 

14-7 

8-0 

80 

^_ 

48-87 

— 

— 

26-5 

9-86 

120 

300 

220 

90 

3-0 

— 

22-0 

24-4 

25- 

300 

^.. 

— 

1-6 

5-6 

225 

330 

— 

72 

8-5 

16- 

13-6 

— _ 

0-90 

170 

2- 

— 

— 

5*0 

99-66 

98-4 

98-7 

98-0 

97-6 

— 

As  already  mentioned,  the  ores  of  lead  always  contain  other  earthy  and  metallic 
compounds  which  interfere  witJi  the  reactions  by  which  lead  is  reduced,  and  thus  in 
rarious  ways  the  result  obtained  in  smelting  sudi  impure  ores  is  different  from  that 
obtained  when  pure  galena  is  operated  upon  in  the  reverberatoiy  furnace. 

Ores  containing  only  small  amounts  of  calcium  carbonate  can  be  worked  without 
inconvenience,  and  even  when  there  is  from  10  to  12  per  cent,  of  this  substance, 
it  fitcilitates  the  decomposition  of  the  lead  sulphide,  besides  preventing  the  charge  from 
becoming  too  liquid. 

Barium  sulphate  is  quite  inert  during  the  smelting  operation,  and  it  is  objection- 
able only  as  mechanically  hindering  the  reaction  of  the  lead  sulphate  or  oxide  with 
the  unoxidised  sulphide.  When  the  ore  contains  15  per  cent,  of  this  subntance,  it  is 
not  suitable  for  smelting  in  a  reverboratory  furnace. 

Fluor  spar  acts  much  in  the  same  way  as  calcium  carbonato,  but  it  is  beneficial 
when  associated  with  barium  sulphate,  since  it  acts  as  a  flux  upon  that  substance. 

Quartz  and  silicates  are  very  injurious  even  when  amounting  to  only  5  or  6  per  cent, 
of  the  ore,  and  when  they  amount  to  12  per  cent,  no  metal  can  be  obtained  by  heating 
lead  ore  in  the  reverberatoiy  furnace.  During  the  operation  of  roasting  these  sub- 
stances do  not  react  upon  the  lead  compounds,  but  when  the  temperature  is  raised  in 
the  smelting  operation,  silica  combines  with  lead  oxide  before  this  reacts  with  lead 
SQlphide,  forming  lead  silicate,  which  melt^  and  renders  the  whole  charge  so  liquid  that 
it  cannot  be  worked. 
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Zinc  sulphide  id  the  form  of  blende  is  often  aaiociated  with  lead  ott,  and  i1m 
the  amount  does  not  exceed  10  or  Id  per  cent,  its  presence  does  not  modi  intaiiK 
with  the  woriung  of  the  reyerberatoiy  furnace ;  it  is  objectionable  chiefly  liv  iU  M 
version  into  oxide  and  sulphate,  whi(£  prevent  the  intimate  mixtue  of  tiis  laidai 
pounds.  The  blende  which  escapes  oxidation  during  the  first  stage  of  the  opMtb 
reacts  afterwards  upon  the  lead  oxide,  producing  metallic  lead,  aine  oxide  nd  id 
phurous  oxide.  When  carbonaceous  matenals  are  added  in  the  smdthi^  till  n 
oxide  is  reduced  together  with  lead  oxide,  and,  the  zinc  being  volatilised,  a  eonidM 
able  quantity  of  lead  is  carried  away  by  the  zinc  vapour. 

The  presence  of  a  small  amount  of  iron  pyrites  does  not  seriously  interfnt  vM 
the  smelting  ia  reverberatory  furuiices.  In  roasting,  the  pyrites  is  oxidised  u» 
rapidly  than  galena ;  the  portion  that  escapes  oxidation  is  afterwards  useful  in  itdK 
ing  lead  oxide,  but  in  the  subsequent  stage  the  ferric  oxide  disseminated  through  tb 
mass  interfercR  with  the  melting  of  the  lead  compounds.  A  large  amount  of  pjrili 
is  very  prejudicial,  since  the  unoxidised  portion  would  form  a  veiy  fiuible  eompoo 
with  Uie  load  sulphide  and  prevent  its  decomposition.  Arsenical  pyrites  is  still  bob 
objectionable,  because  the  lead  obtained  is  contaminated  with  arsenic  and  the  umese 
of  this  substance  in  lead  augments  the  loss  both  of  lead  and  silTer  in  cnpellatioo. 

Antimonous  sulphide  is  always  yery  injurious  even  when  there  is  only  8  «Sp( 
cent.  It  undergoes  the  same  changes  as  lead  sulphide,  a  portion  of  the  antimoff  > 
reduced  and  alloyed  with  thu  lead,  rendering  the  metal  hard  oesides  causing  1(ms  of  ha 
and  of  silver  in  cupellation.  Moreover  the  compounds  of  antimony  fbrm  veij  ftatt 
compounds  with  lead,  which  cannot  be  reduced,  and  owing  to  the  great  volatifitytf 
antimony  as  well  as  of  its  oxide  and  sulphide,  the  loss  of  lead  and  silver  is  veiy  w 
augmented. 

The  presence  of  copper  pyrites  renders  lead  ores  unfit  for  treatment  in  refsta*' 
tory  furnaces ;  even  when  the  amount  is  so  small  that  the  reactions  proper  to  tlv 
method  are  not  interfered  with,  the  lead  obtained  retains  some  copper,  and  is  on  tU 
account  less  valuable. 

Ferrous  carbonate  acts  only  as  a  mechanical  obstacle  to  the  warking  in  tin 
furnace,  as  it  is  gradually  converted  into  ferric  oxide :  in  the  latter  stage  d  t^ 
operation  this  interferes  with  the  melting  of  the  slag  and  retards  the  reactions  O^ 
almost  all  of  the  lead  sulphide  is  oxidised ;  in  small  amount  ferrous  carbonate  ii  nt^ 
advantageous  than  otherwise. 

Besides  the  ores  containing  lead  in  the  state  of  sulphide  some  others  oeetf  » 
various  localities  which  contain  either  lead  carbonate  or  lead  sulphate.  Geotflv 
they  occur  together  with  ores  containing  galena  and  are  worked  with  them,  but  ii  * 
few  instances  these  oxidised  ores  arc  sufficiently  abundant  to  be  smelted  sepsritolj*^ 
the  Russian  lead  works  in  the  Altai  mountains  large  quantities  of  ore  are  sbM 
which  contain  ftrom  8  to  20  per  cent,  of  lead  in  the  state  of  carbonate  associated  w 
cupreous  minerals,  quartz,  heavy  spar,  and  slate.  Shaft  furnaces  are  used  and  the  X 
is  smelted  with  limestone,  common  salt,  and  slag  firom  previous  operations. 

Ores  containing  lead  carbonate  arc  also  worked  to  some  considerable  eKtMt  B 
Spain,  either  in  the  Castilian  blast  furnace  (p.  365)  or  the  ftimace  in  whiehadnft* 
produced  by  means  of  a  chimney  (p.  366). 

JjdsA  sidphate  occurs  even  less  frequently  than  lead  carbonate  in  such  qnutity." 
to  be  workea  separately ;  but  a  large  quantity  of  lead  sulphate  is  produced  is  w^ 
works.  Several  methods  have  been  proposed  for  treating  this  substance.  Thik  * 
Rivot  and  Phillips  consists  in  roasting  tno  lead  sulphate  until  sulphuric  add  ii  >J 
longer  given  off,  then  adding  about  20  per  cent,  of  quartz  and  some  coal  daiti  •>" 
heating  the  mass  until  it  melt^  and  ceases  to  give  off  sulphurous  and  sulphuric  osi^ 
In  this  way  the  lead  is  for  the  most  part  converted  into  silicate,  which  can  be  omM 
with  the  addition  of  scrap  iron  or  with  lime  and  coke  in  a  shaft  furnace.  InbothetfiJ 
the  yield  of  lead  falls  short  of  the  quantity  that  should  be  obtained  and  theeort* 
the  operation  is  considerable.  By  smelting  the  silicate  with  iron  p^Tites  less  lei^ 
retained  by  the  slag,  but  a  regulus  is  produced  unless  the  pyrites  is  vexr  intiBiA 
mixed  with  the  silicate.  The  iron  pyrites  is  then  decomposed  in  the  smeltmg^  ^^^^ 
being  driven  off.  and  the  feirous  sulphide  reacts  with  the  lead  silicate,  produdBgH' 
sulphurous  oxide  and  ferrous  silicate. 

Most  lead  ores  contain  some  silver,  and  since  this  metal  is  always  redaeid  ■ 
smelting  argentiferous  leiid  ores,  the  load  thus  obtained  is  often  of  great  valii  M * 
source  of  silver.  The  methods  of  cupellation  and  crystallisation  by  which  thi  f 
metals  are  separated  will  be  described  in  detail  under  the  head  of  *  Silver.' 

In  the  separation  of  these  metals  by  one  method  the  lead  is  entirely  converted 
leai  oxide  or  litharge,  and  in  order  to  obtain  metallic  lead  this  oxide  hull 
reduced  by  an  operation  analogous  to  the  smelting  of  oxidised  lead  oiea  cithK 
reverhenitrtry  f\iruaces  or  shaft  furnaces.     On  the  continent  lithaige  it 
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imelted  in  shift  fhrnaees,  sinoe  the  redaction  is  rapidly  effected  and  less  labour  is 
required,  bnt  the  lead  thus  obtained  still  contains  some  copper  and  antimony  and  is 
inferior  in  qnalitj  to  that  reduced  in  reverberatory  fomaces. 

The  shaft  fiimaces  employed  for  the  reduction  of  litharge  are  similar  to  those  in 
irhich  lead  ore  is  smelted,  but  generally  they  are  not  so  high  and  they  are  worked 
vith  flame  issuing  from  the  throat.  To  prevent  loss  of  lead,  lumps  of  coke  are  piled 
npaboye  the  throat  of  the  furnace,  so  as  to  be  heated  by  the  flame  sufficiently  to  reduce 
tne  lead  oxide  carried  up  by  the  ascending  gas. 

The  reduction  of  leaa  oxide  is  in  this  country  generally  effected  in  a  reverberatoiy 
fomaoe  of  the  kind  represented  by  figs.  273  and  274.  a  is  the  fireplace,  b  the  ash  pit, 
c  the  fire  bridge,  d  the  hearth,  b  the  working  door,  f  the  iron  gutter  by  which  the 
lead  is  run  off  into  the  pot  o. 


Fm.  278. 


Fio.  274. 

The  oxide  is  mixed  with  about  10  per  cent,  of  coal  dust  and  placed  on  the  hearth 
r  the  fire  bridge  where  it  is  soon  reduced,  and  the  metal  flows  down  to  the  lower 
part  of  the  hearth.  To  prevent  the  action  of  the  lead  oxide  upon  the  material  of 
which  the  sole  is  made,  a  layer  of  small  coal  is  spread  upon  it  before  the  charge  is 
pot  in. 

QmdenMiinn  of  lead  fume. — Owing  to  the  volatilisation  of  lead  sulphide  and 
metallic  lead  which  alwavs  takes  place  in  smelting  lead  ores  either  in  shaft  nimaces  or 
nrerberatory  furnaces,  the  gas  escaping  from  the  smelting  furnaces  carries  away  a 
large  quantity  of  lead,  for  the  collection  of  which  very  efficient  means  of  condensation 
tie  required.  In  some  cases  the  condensation  is  effected  by  making  the  gas  pass 
through  flues  of  great  length,  where  the  vaporised  lead  is  gradually  deposited  together 
vith  that  held  in  suspension  in  the  state  of  finely  divided  particles.    The  quantity  of 
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lead  rolotiliied  in  »n»ltiiig  l«d  oca  ii  vwj  mneh  inflnanceil  by  the  prumiMOtcOm 
Toluiliinble  nbitBiica  in  the  on,  aueb  u  ddc,  satimonv,  ftnd  anatdo,  aad  tluaa 
■DbataDce.1  are  found  chiefly  i  n  kd  oxldiaed  coodition  hsatAer  with  the  lead  in  the 
depcait  fbnned  in  the  OatH,  which  ia  eommoiilj  known  by  the  name  of  lead  fame. 


of  atmoa[Jierie  air  upon  the  Tspotiaed  lead,  or  b;  Uia  action  <^  ml^nioni  oida  aod 
ralphnntted  hydngen  within  tbe  Ones.  Since  the  lead  in  thia  depoait  amaanti  to 
turn  I  to  10  per  cent,  of  the  total  anannt  in  the  on  (melted  it  U  STidant  tliat  the 
ftime  ia  worth  colleeting  IndcpeDdentlr  of  the  deletoriona  eflbot  tliat  would  Mmlt 
fern  ita  being  allowed  to  eacape  into  the  atmosphaie.  ne  following  taUe  gina  tlw 
CMnpoaition  at  the  ftime  from  aerenl  lead  worka,  wheM  the  oiea  aie  imelted  in  iludt 
flinuKea  and  nterbeiat^ty  famaeee. 
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One  of  the  anangemeott  for  roodenBing  lead  fiinu  by  mechaiucal  means,  known 
aa  Stokoe'e  condenser,  ie  repreaentod  by  flg,  27fi.  At  the  top  of  the  flae  (a)  which 
reeeiTea  the  gae  diacharged  &om  the  smetting  fnmocM  ia  a  &n,  capable  of  being 
diifen  at  a  high  speed,  bj  means  of  vhich  the  gas  ia  drawn  ont  of  the  floe  and  fbned 
into  a  chamber  (r  f,  f  f)  containing  water  at  the  bottom,  and  eaparatel  by  partitioni 
into  nx  or  more  compartmenta ;  aa  that  the  gas  ia  made  to  traTel  up  and  down  in  the 
direction  of  the  arrows  and  come  several  times  in  contact  with  the  water  in  the 
chamber.  Id  ita  passage  thioogh  the  chamber  to  the  outlet  (h)  tbe  gas  haa  abo  to 
pasa  aeveral  times  through  the  horiiootal  perforated  shelTea  (xa),  corered  with  layu* 
of  pebbles  or  other  fitting  material,  and  at  the  gome  time  it  is  exposed  to  the  action  of 
a  shower  of  water  falling  from  the  cistern  (u)  at  the  top  of  the  chamber:  In  Stagg*! 
condenser  the  gas  is  drawn  out  of  the  ftmuteas  by  a  powerfal  double-acting  air-pamp, 
which  also  forces  it  through  water. 


Before  the  iMd  obbuned  from  certain  kinds  of  poor  ore*,  or  by  smelting  in  blast  ftir< 
ruicpn,  can  be  operated  upon  tor  the  extraction  of  the  silTer  it  eonlains  (p.  38-1 ),  a  preliiu- 
tiiirj-  purifirntion  is  requisite  for  the  porposc  of  sepamting  any  antimony,  tin,  ot 
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eomMF  it  maj  oontein,  toffether  with  other  impurities,  which  render  the  metal  hard  and 
uiln  for  the  prooeaa  of  dedlverising.  The  following  table  shows  the  composition  of 
difRnmit  kinds  of  hard  lead,  and  the  natnre  of  the  impurities  it  contains :— 


Lead 

Antimony 

Amnic    • 

Copper 

Iron        .        .| 

Zinc        .        ./ 

Sulphur    . 

EngUah 

Spttnlflh 

Harti 

Pontglbaad 

Freiberg 

Blchardson 

— 

Strang  and  Overbeck 

— 

Earsten 

99-27 
0-67 

012 
004 

96-81 
3-36 

0*32 
0*21 

83-65 
16*00 

0-18 
0-80 

77-76 
21-27 

0.16 
0-49 

91-4 
8-2 
0-4 

91-61 
6-82 
102 
0-90 

0*62 

0*20 

Some  kinds  of  lead  are  so  hard  that  they  are  unfit  for  many  of  the  ordinary  pur- 
poses to  which  this  metal  is  applied,  and  for  this  reason  also  the  softening  operation  is 
essentially  necessaiy.  It  consists  in  exposing  the  melted  metal  to  the  oxidising  action 
of  the  air  fior  a  length  of  time  which  depends  upon  the  nature  and  amount  of  the  im- 
purities to  be  removed. 

The  furnace  employed  for  this  operation  of  calciningor  improyingis  rrore- 
MDted  by  figs.  276  to  278.    It  is  a  reverberatory  furnace,  the  hearth  (d)  of  which 


Fro.  277. 

eoBiists  of  a  east-iron  pan,  separated  by  the 
bridge  (c)  from  the  fireplace  (a).  Below  the 
bed  are  several  channels  (f  f  f)  for  the  escape 
of  moisture,  and  at  the  side  there  is  a  working 
door  (o),  as  well  as  an  opening  (h),  by  which 
the  softened  lead  can  be  run  off  when  the 
operation  is  at  an  end. 

The  charge  varies  from  nine  to  ten  tons,  and 
as  soon  as  the  Aimace  is  at  a  working  heat,  the 
Burfcce  of  the  melted  metal  becomes  covered 
with  a  scum  or  dross,  consisting  of  metallic 
oxides^  which  is  skimmed  off  and  removed 
through  the  working  door  (o).  When  the  lead 
tt  v«fy  impure,  this  scum  often  floats  in  a  semi- 
ISmnd  state  on  the  sur&ce  of  the  lead,  and  then  it  requires  the  addition  of  some  lime, 
iraich  renders  it  dry  and  capable  of  being  removed.  ,.      j 

As  the  operation  progresses,  a  small  quantity  of  the  lead  is  dipped  out  with  a 
ladle,  run  into  a  mould,  and  examined  when  cold,  to  ascertain  whether  it  is  sufnaently 

CO  2 


hST 


Fio.  278. 


pnrifled.  If  itpnMDto  nt  Uie  Bnrface  a,  flaky,  cTfBt&Ilms  ftppMnuu,  and  ia  Kitt,  tiw 
chnrge  ia  rrndj  to  be  run  off.  Tho  apoat  (h)  of  the  iroo  put  ia  then  apansd,  and  tha 
metiit  run  into  moulrls. 

Au  tTuproTed  form  of  fumaoe  for  aoftening  lead  b;  calcination  ia  reprsHnted  Irr 
figs.  27S  nod  S80.    Tho  hard  load  ia  mclU'il  iti  the  put  (a),  heated  t;  a  flro  at  fr,  and 


the  ealciiuag  pan  (r)  ia  fed  with  melted  lead  l^  Tailing  tlie  plag  (iQ.  When  the 
■cdlening  ia  completed,  the  metal  ia  nin  into  the  potje),  and  than  caat  in  moolda. 

The  amouDt  of  eo^  lead  thus  obtained  hom  difitrent  kinds  of  haid  lead  nam 
from  76  fu  83  per  cent. 

The  use  of  a  mixture  of  sodium  niliate,  soda  aah,  and  lime,  has  been  propoaed  with 
(he  object  of  ihortening  the  time  requisite  ftii  softening  lead  I7  oxidation  ;  bat  it  i* 
doubtful  vhrther  anj  real  advantage  is  gained  in  this  wh;,  especially  if  it  be  the  case 
that  the  autimonjin  Irad  coUectB  ae  an  alloy  at  the  surface  in  conseqnence  of  ita 
lower  apeciflc  gravity,  iiLd  is  therefore  readily  ftctal  upon  by  atmospheric  oxygen. 

The  droBs  oblaioed  in  tJie  aoftening  contains  a  considerable  nmonnt  of  antimony, 
together  with  some  copper,  iron,  and  a  cactnin  propoction  of  lead,  yielding  when  re- 
duced by  heating  it  with  carbonaceous  material,  an  alloy  (hat  han  the  fallowing  com- 


Lead       .       . 
Antimony 
Copper    .        . 
Inm 

Withart 

-H'- 

Tirt^iSSSJa"' 

-SST, 

^J:^ 

Kagliih 

SpuUd. 

BdbMi 

S|»nldi 

82-88 
-3S 

ss-70 

40-66 
-32 

■32 

86-63 
11-29 
trawa 
0-34 

84-08 
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100-00 

9S'1S 
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100-00 

The  ttddition  of  a  liUle  ao<la  ash  as  a  Sax  facilitates  the  reduction,  but  th«  mttal 
oljtuned  is  too  hard  to  be  used  for  many  purposes.  By  calcination,  the  imparitiM 
maj  be  sepanted  from  the  lead,  and  the  dross  from  this  operation  gives,  on  redaetion, 
an  alloy  containing  a  still  greater  proportion  of  antimony,  which  can  only  be  used  fiir 
niaking  type  metal  or  as  bullets. 


LEAD  COMPOTIND&  389 

Richardflon  propofled  to  act  upon  tho  dross  of  the  second  calcination  with  acetic 
acid,  80  as  to  dissolve  tho  lead  and  obtain  sugar  of  lead.  The  residue  was  then 
ndiiced  in  the  same  way  as  antimony  ores.  The  same  process  serves  for  the  separa- 
tion of  tin.  In  some  cases,  the  dross  may  be  turned  to  account  for  preparing  lead 
antimonate,  which  is  used  as  a  pigment  under  the  name  of  Naples  Yellow. 

Jfuemm — ^Lead  is  one  of  the  most  useful  metals,  and  it  is  applied  to  a  great  many 
purposes,  such  as  the  lining  of  cisterns,  roofing,  etc. ;  in  the  form  of  pipe  it  is  used  for 
the  supply  of  water  to  houses  and  factories ;  very  thin  sheets  of  lead  are  used  for  pack- 
ing aztieles  requiring  to  be  kept  dry,  and  in  chemical  works  lead  is  employed  for  a 
number  of  purposes,  such  for  instance  as  the  construction  of  sulphuric  acid  diambers. 
Many  of  the  alloys  of  lead  with  other  metals  have  an  equally  wide  range  of  utility. 

CompooBda. — Lead  is  divalent  in  most  of  its  compounds.  There  are  three 
definite  oxides ;  a  suboxide  Pb^O  which  is  of  little  importance,  the  protoxide  PbO  is  a 
powerful  base,  forming  saline  compounds  with  acid  oxides,  some  of  which  are  iso- 
morphous  with  the  corresponding  salts  of  barium  and  strontium,  and  the  dioxide  PbO, 
which  has  to  some  extent  the  character  of  an  acid  oxide.  There  is  but  one  sulphide 
PbS,  corresponding  to  the  protoxide.  With  chlorine,  bromine,  iodine,  and  fluorine, 
lead  fbnns  compounds  represented  by  the  formulae  PbCl,,  PbBr,,  Pbl,,  PF,.  Many 
lead  salts  are  insoluble  in  water,  as,  for  instance,  the  sulphate,  phosphate,  arsenate  and 
cirbonate ;  those  which  are  soluble  have  a  slightacid  reaction  even  when  neutral,  and  a 
peculiar  sweet  taste  ;  all  lead  salts  are  poisonous. 

Melted  lead  mixes  readily  in  all  proportions  with  other  metals  the  melting  points 
of  which  are  lower  than  that  of  lead  or  not  much  above  it,  and  with  some  of  them  it 
forms  definite  alloys,  the  melting  points  of  which  differ  from  those  of  the  constituent 
metals.  Lead  also  unites  with  metals  of  much  higher  melting  point,  but  in  many  in- 
stances the  lead  can  be  separated  &om  such  mixtures  by  heating  them  to  the  tempera- 
ture at  which  leads  melts.  This  process  is  termed  liquation,  and  is  taken  advan- 
tage of  in  metallurgy.  Several  of  the  alloys  of  lead  are  of  great  importance  for  various 
practical  applications ;  thus  the  alloy  of  lead  with  about  one  third  its  weight  of  anti- 
mony constitutes  typemetal.  Pewter  is  an  allov  of  lead  with  one  fourth  its  weight 
of  tin ;  the  difierent  kinds  of  s  older  are  alloys  of  lead  and  tin  in  various  proportions. 
Lead  also  enters  into  the  composition  of  the  alloys  known  as  Britannia  m^tal, 
Queen's  metal,  etc,  and  some  kinds  of  bronze  contain  lead.  The  alloy  of  lead  with 
about  one-fiftieth  of  its  weight  of  arsenic  is  used  for  making  shot. 

Lead  and  zinc  may  be  mixed  together  in  any  proportions  when  melted,  and  the 
alloy  is  harder  than  lead,  takes  a  high  polish  and  is  very  malleable.  At  a  high  tem- 
perature the  zinc  is  volatilised  together  with  some  of  Uie  lead.  The  presence  of  a 
■mall  proportion  of  zinc  in  lead  renders  the  metal  loss  capable  of  being  rolled  into 
iheets. 

The  other  alloys  of  lead  will  be  described  under  the  heads  of  the  different  metals. 


Formula  PbO.     Molbculab  Wbigut  223. 

Mlatory.— This  substance,  commonly  called  litharge  or  massicot,  was  known 
at  a  very  remote  period  under  the  names  of  \iOdpyvpos  and  CKtapia  fio\6p9ov,  plumbum 
uttuMt  etc. 

OoeorreBoe* — Lead  oxide  occurs  naturally  as  lead  ochre  in  volcanic  districts 
and  aoBodated  with  lead  ores,  but  not  to  any  great  extent  It  is  obtained  by  oxidation 
of  ,lead  as  a  by-product  of  the  cupellation  method  of  extracting  silver  from  aigenti- 
fflzous  lead. 

cnuurttotara* — Lead  oxide  when  pure  is  a  lemon-yellow  substance,  but  is  met 
with  in  several  different  forms  which  depend  upon  the  conditions  under  which  it  is 
produced.  When  in  the  crystallised  state,  in  which  it  is  obtained  by  the  solidification 
of  the  melted  substance,  it  has  a  pale  reddish-yellow  or  buff  colour,  the  particular 
•hade  varying  according  to  tho  state  of  aggregation.  In  this  state  it  is  called 
litharge.  When  formed  by  the  olidation  of  lead  at  a  temperature  below  the  melting 
pobt  of  the  oxide,  it  forms  a  dull  yellow  amorphous  powder  known  as  massicot. 
The  specific  gravity  varies  from  0*2  to  9*6.  Lead  oxide  melts  at  a  red  heat»  forming  a 
dnylr  red  transparent  liquid.  It  is  blatixl  by  Foiimet  to  be  volatilised  at  a  white  heat, 
hot  \em  readily  than  metallic  lead. 

Lead  oxide  is  decomposed  when  heated  to  redness  with  carbon  or  carbonaceous 
nihatancea,  and  in  some  cases  at  lower  temperatures,  metallic  lead  being  produced 


890  LEAD. 

together  with  carbonic  dioxide;  it  is  also  deoompoeed  when  heated  with  inii,n^ 
copper,  etc.,  to  a  sufficiently  high  tempemtnre,  and  is  on  thisaooonnt  firaqatntlTwhl 
as  an  oxidising  agent  in  some  metallnrgical  operations.  Mdt«d  lead  osideaw  &• 
solves  a  number  of  other  oxides  which  cannot  be  melted  thsnuMlTes  or  oolj  li  mi 
high  temperatures.  With  silica  or  silicates  it  readily  comfainei,  ftnning  t  im 
fosiblo  glass  which  is  colourless  unless  it  contains  a  very  large  amount  of  lead.  Lbh 
silicate  is  a  constituent  of  several  kinds  of  glass,  and  especially  that  known  ai  fit 
glass  or  ciystaL 

Lead  oxide  combines  readily  with  most  oxyacids  forming  salts,  many  of  vhidiai 
soluble  in  water ;  the  oxide  also  dissolves  in  solutions  of  caustic  potash,  soda,  hupM, 
or  lime ;  it  is  also  soluble  to  some  extent  in  water,  but  requires  horn  7*000  to  ISJM 
parts  of  water  for  solution. 

Lead  hydrate  PbH^O,  is  a  white  pulverulent  substance  which  loses  watsr  iIm 
heated  above  100°,  and  is  converted  into  anhydrous  oxide.  When  metallic  lad  ii 
immersed  in  pure  water  lead  hydrate  is  formed,  and  to  some  eoEtent  dissolfod.  Tb 
hvdrata  readily^  absorbs  carbonic  dioxide,  and  is  converted  into  carbonate;  it  iIn 
absorlM  ammonia  and  retains  it  in  combination. 

Frepumttoa.— Lead  oxide  is  prepared  on  the  large  scale  by  the  oxidatioo  (/ 
melted  lead,  and  it  is  obtained  as  a  product  of  the  operation  by  which  silver  ii  Mp* 
rated  from  lead.    (See  Silver.) 

Vses. — In  the  forms  of  litharge  and  massicot,  lead  oxide  is  used  for  preparing  ^' 
ing  oil,  by  boiling  linseed  oil  wit^  a  small  quantity  of  the  oxide.  It  is  also  oed  ■ 
the  preparation  of  a  cement  for  repairing  the  stone  work  of  buildings  by  minog  vitk 
8  or  10  times  its  weight  of  brick  dust»  and  sufficient  linseed  oil  to  form  a  stiiT  pMtii' 
This  preparation  is  ^led  Dhil  mastio ;  it  rapidly  hardens  by  exposure  totMtf< 
Lead  oxide  is  also  used  as  a  flux  in  assaying,  and  for  several  pharmaceutical  jngiOr 
tions. 
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This  substance  occurs  naturally  as  plattncrito  in  brilliant  prismatie miiihi 
and  is  formed  when  chlorino  is  brought  into  contact  with  lead  oxide  soipeiidid  ii 
water,  or  when  the  oxide  is  acted  upon  by  melted  potassium  chlorate.  A  nose  m^ 
way  of  obtaining  the  peroxide  is  to  digest  red  lead  with  weak  nitric  add.  Ai  p** 
pared  artificially  it  is  a  brown  powder  insoluble  in  water  and  dilute  adds;  itiidM*' 
posed  by  strong  hydrochloric  acid  and  converted  into  lead  chloride  with  mlvlO»^ 
chlorine  PbO,  +  4HC1 »  PbCl,  +  2H,0  +  2G1.  It  reacts  violentlv  with  sulphuroof  ood^ 
absorbing  the  gas  and  forming  lead  sulphate  PbO,  -i-  SOs  +  PbSO^,  with  nitnw  aod 
it  forms  lead  nitrate.  A  mixture  of  the  oxide  with  one-sixth  its  weight  of  nlplff 
takes  fire  when  rubbed.  Lead  peroxide  when  heated  gives  o£f  half  its  o^fgen,  taiit 
acts  as  an  oxidising  agent  towards  many  organic  substances. 

Lead  peroxide  combines  with  bases,  forming  a  series  of  compounds  called  pli** 
bates,  in  which  it  acts  the  part  of  an  add.  It  has  also  to  a  slight  extent  the  poV 
of  forming  salts  with  acids. 

RxD  Lead. — This  substance  is  a  compound  of  load  oxide  with  the  peroxide^  gpM^ 
ally  in  proportions  approximating  to  tho  formula  Pb022PbO.  It  occurs  natoziQji* 
minium  together  witn  ores  of  1^,  and  is  formed  when  lead  oxide  is  ezpossdirMM 
length  of  time  to  the  action  of  atmospheric  air  at  a  dull  red  heat  insumdent  to  wd 
the  oxide. 

Cmanusters. — Bed  lead  is  a  scarlet  crystalline  powder.  The  spedfle  gnt^ 
varies  from  8'62  to  908.  When  heated  the  colour  becomes  tempoFanly  dazlur,M* 
gradnidly  passes  into  violet,  becoming  red  again  on  cooling:  at  a  red  heat,  oongtiii 
given  off  and  lead  oxide  remains.  Red  lead  is  also  reduced  by  many  oxidisaUs  M^ 
stances  such  as  sulphurous  oxide,  sugar,  and  other  organic  substances;  when  wtA 
with  hydrochloric  acid  it  is  convertea  either  into  lead  diloride,  peroxide  and  mVtt 

PbO,  +   2PbO   +  4HC1  =   2PbCl,  +   2H,0   +   PbO^ 
or  into  lead  chloride,  water  and  chlorine  according  to  the  proportion  of  add, 
PbO,   +   2PbO   +   8HC1  -  SPbCl,  +   4H,0   +   2C1. 

When  red  lead  is  digested  with  glacial  acetic  add,  or  cold  concentrated  sohitiBl- 
of  phosphoric  acid,  or  arsenic  acid,  it  dissolves,  forming  solutions  containing  t^  ^ 
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the  peroxide  which  are  readily  decomposed.  Strong  acids  decompose  red  lead ;  tml- 
phnric  acid  conyerting  it  into  sulphate  with  evolution  of  oxygen ;  nitric  acid  dissolves 
the  lead  oxide  and  leaves  the  peroxide  as  a  brown  powder. 


u — Red  lead  is  prepared  on  a  large  scale  by  oxidising  lead  in  a  re- 
verberatory  furnace,  at  a  temperature  insufficient  to  melt  the  lead  oxide  formed.  By 
this  means  the  lead  oxide  is  obtained  in  the  state  of  massi  cot,  which  is  then  ground  to 
a  fine  powder,  again  placed  in  a  rorerbemtory  itimace,  and  exposed  for  two  days  to  a 
careAilly  regulated  temperature  until  it  has  absorbed  sufficient  oxygen  and  a  portion 
taken  oot  has  a  bright  rod  colour  when  cold.  The  furnace  is  then  closed  and  allowed 
to  cool  slowly. 


FofiMVLA  PbS.    MoLBCULAB  Wbioht  239. 

This  substance  occurs  very  abundantly  as  galena,  and  the  most  important  ores 
of  lead  consist  chiefly  of  this  mineral. 

The  following  table  gives  the  composition  of  galena  from  diffisrent  localities : 


Lead  .... 

SUver 

Iron  .... 

Zine  .... 

Sulphur 

Enghiiid 

Ifanover 

Uohcmia            ' 

bcheninits 

Thomson 

Wcstrumb 

Lerch 

Beudant 

86-61 
13-39 

85-13 

060 

13-02 

8300 
•08 

16-41 

81-80 

3-59 
14-41 

99-80 

83-61 

2-18 
14-18 

79-60 
7-00 

13-40 

100-00 

98-65 

99-49 

99-97 

100-00 

The  amount  of  silver  in  galena  generally  ranges  between  0*01  and  0-03  per  cent., 
but  sometimes  is  as  much  as  0*5  or  even  1  per  cent.  Argentiferous  galena  almost 
always  contains  a  recognisable  amount  of  gold. 

Lead  sulphide  has  in  the  cirstalline  state  a  dark  grey  colour  and  high  metallic 
lustre;  the  specific  gravity  is  from  7-25  to  77.  The  sulphide  formed  by  melting 
t4jgether  lead  and  sulphur,  and  by  melting  the  precipitate  obtained  by  treating  solu- 
tions of  lead  salts  with  sulphuretted  hydrogen,  has  a  specific  gravity  of  7*605. 

Lead  sulphide  melts  at  a  full  red  heat,  above  the  melting  point  of  lead ;  it  vola- 
tilises at  a  higher  temperature,  and  if  kept  out  of  contact  with  air  sublimes  without 
decomposition.  Hence  it  is  often  found  in  this  state  in  smelting  furnaces  in  which 
ores  containing  lead  have  been  smelted. 

When  moderately  ignited  in  contact  with  atmospheric  air  lead  sulphide  is  gradually 
oxidised,  and  gives  off  part  of  its  sulphur  as  sulphurous  oxide,  with  production  of 
lead  oxide  and  some  lead  sulphate. 

The  following  analyses  of  roasted  galena  show  the  nature  of  the  material  operated 
upon  in  different  localities  : 


Lead  oxide 

resoy 

Holiapfel 

Fontgibaad 

18 

35 

31-0 

52-6 

16-9 

62-9 

f,     sulphate 

86 

19 

8-0 

80 

12-1 

— 

„     sulphide 

10 

4 

11-8 

— 

Ferric  oxide 

— 

6 

9-0 

130 

21-3 

4-9 

2Snc  oxide 

— 

27 

30-2 

90 

21-6 

3-7 

Manganous  oxide 

— 

2 

— 

—~ 

— 

Arsenic  oxide 

— 

— 

0-4 

1-0 

— 

Barium  sulphate 

— 

— 

140 

19-8 

0-7 

Silica 

— 

7 

10-0 

3-0 

6*2 

23-0 

Lime 

114 

100 

1000 

— 

— 

31 

100-0 

98*9 

99-2 
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Lead  sulphide  is  iusoluble  in  most  dilute  acids;  when  boiled  with  dthtomtm 
acid,  it  is  converted  into  nitrate  with  separation  of  sulphur.  Strong  hydzodikrieidd 
conyerts  it,  with  the  aid  of  heat,  into  chloride,  with  evolution  of  sulphuretted  hjdnpi; 
fuming  nitric  acid  cunvortjj  it  into  lead  sulphate.  When  lead  sulphide  is  hettfld  vilk 
lead  oxide  in  the  proportion  of  2  molecules  to  I  of  sulphide,  the  whole  of  the  kid  ii 
reduced  and  sulphurous  oxido  given  off: 

PbS  +   2PbO     -     3Pb  +   SO,; 

melted  with  alkuline  carbonates,  part  of  the  load  is  reduced  to  the  metallic  state. 

Lead  sulphide  is  decomposed  when  heated  to  a  Aill  red  heat  with  meUUiein^ 
according  to  the  equation : 

PbS  +  Fe     =     FeS  +  Pb. 
239         56  88         207 

The  temperature  must  be  sufficient  to  melt  the  ferrous  sulphide;  and  unlen  taamd 
iron  is  present,  part  of  the  lead  sulphide  combines  with  the  ferrous  sulphids  ftrnd, 
producing  a  regulus  in  which  the  pro^rtion  of  lead  to  iron  varies  aecocding  tD0- 
cumstances.  In  smelting  ores  containing  galena,  the  decomposition  of  lead  milplddi 
is  sometimes  effected  by  means  of  metallic  iron ;  and  in  such  cases  there  is  geMnHf 
obtained,  together  with  metallic  load,  a  r^lus  containins  lead  which  remiini  tol* 
subjected  to  further  treatment  for  extracting  the  lead.  Lead  sulphide  u  putiiltf 
decoAiposed  in  a  similar  manner  when  melted  together  with  ferrous  silieate,  ih 
ferrous  sulphide  is  formed  which  combines  with  the  undecompoeed  lead  floWk 
forming  a  regulus.  Both  these  methods  of  decomposing  lead  sulphide  are  mapafd 
in  the  smelting  of  lead  ores. 

Lead  sulphide  combines  readily  with  ferrous  sulphide  when  the  two  sabstaoeNai 
brought  into  contact  at  a  high  temperature  in  the  melted  state.  The  prodoet  thi 
obtained  is  of  variable  composition  and  is  termed  regulus.  Li  smelting  poor  loi 
ores  the  production  of  such  a  mixture  of  sulphides  is  often  practised  with  &eolfM( 
of  separating  the  lead  from  the  earthy  constituents  of  the  ore  and  obtaining  it  n> 
mure  concentrated  condition.  If  the  ore  does  not  naturally  contain  sufficient  ftoNl 
sulphide,  it  is  mixed  with  iron  pyrites  before  smelting. 


Formula  PbSOf.    Molectlab  Weight  303. 

This  substance  occurs  naturally  both  in  a  ciystallised  state,  as  angleiitavA 
in  amorphous  masses  together  with  galena.  Some  lead  ores  contain  a  coneHwiMi 
amount  of  lead  sulphate.  It  is  also  produced  in  considerable  quantity  as  a  leMahiT 
result  of  the  preparation  of  aluminic  acetate  for  calico  printing  works. 

Lead  sulphate  is  almost  insoluble  in  water,  but  it  dissolves  slightly  in  nitrie  A 
and  freely  in  solutions  of  ammonincal  salts,  especially  ammonium  acetate.  It  bAt 
solved  also  by  concentrated  sulphuric  acid  to  some  extent  Hydrochloric  arid  difldtaf 
it  with  decomposition,  and  the  hot  solution  deposits  crystals  of  lead  chlorides  B 
bears  a  high  temperature  without  decomposition,  but  when  heated  togethff  itt 
carbon  it  is  reduced,  and,  according  to  the  pn^portion  of  carbon,  the  lead  isi 
either  in  the  state  of  metal,  as  sulphide  or  as  oxide. 


FoHMiLA  PbCOj.    MoLECULAB  Wkiobt  267. 

BUtorj. — The  prepamtion  of  white  lead,  which  consists  chiefly  of  tUitft^ 
stance,  was  described  by  Diascorides  in  the  fourth  century  before  Christ,  and  at  ftlif 
period  by  Theophrastus,  Pliny,  and  Vitriirius.  The  Arabians  prepared  whit*  lui 
Geber  writing  in  the  eighth  century  recommended  for  its  preparation  exposing  Uidll 
the  vapour  of  vinegar.  The  art  was  afterwards  introduced  into  Venice,  HoUsii 
England,  Germany,  and  France. 

Oomurenoe. — Lead  carbonate  occurs  naturally  in  a  well  •crystallised  oondikioii 
but  in  comparatively  small  quantity,  as  cerusite,  a  minei^l  fband  in  Scotliiii 
Germany,  France,  etc. 

Composition. — The  native  carbonate  is  a  neutral  anhydrous  salt  hftTiif  ihl 
composition  represented  by  the  formula  given  alcove ;  but  the  precipitate  foraed  tf 
adding  a  solution  of  alkaline  carbonate  to  solutions  of  lead  salts  is  a  compound  of  M 
carbonate  with  lead  hydrate,  and  the  composition  varies  .icconling  to  the  conditiooitf] 
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ntnUm  and  coDceotiatioD  aaivT  whicli  it  is  prodnced.  The  uitjfii-iallj  prepRrei} 
HeulnDEte,  commonly  called  white  luuil,  i»  alaa  a  baac  sail,  vlikb  naj  be  ra- 
bM  U 1  comtanBlioa  •>(  DeatcuJ  lead  cubouitte  vitb  hydrated  lead  uxido  id  THriouB 
ropJrtiQoi  apprazimatiiig  to  one  or  other  of  the  follovlng  formulic  : 

!PbCOrPliH,0„  3PbC0,  PbH.Oi,  6PbCO,.3PbHA- 

fliilliH  fbnnd  one  nmple  to  have  a  composition  reprpsented  by  the  formnia 


niUiH  fbnnd 
Pi)C(VPbH,0^ 


— In  the  CTJoUUisecl  state,  as  it  Hometimei  axaa  naturally,  lead 

irloute  is  a  tianiparent,  eoloarlesa,  brittle  sobetance.  It  frt'qnently  formi  fibrous 
'  euqoct  opaque  manes;  it  has  a  specific  grsnty  Tsrying  from  S'S  to  6*1. 

Tbe  aitiflci^y  prepared  bydrocarlxniBte  la  a  brilljant  vhito  pukerulent  substanco 
nlobla  in  pore  water,  but  salable  in  irator  contnininR  carbonic  ai^id,  ai  well  as  \a 
Uaa  of  onstic  patuh  or  soda ;  it  is  nlso  easily  stable  in  nitric  acid  or  acetic 
id, the  nlotioD  being  attended  by  effervescence.  It  is  poisonous;  is  decomposed 
'  N^mttod  hydiDgea  and  ammoninm  sulphide,  block  lead  sulphide  being  fbimed, 
d im  llu«  Mconnt  it  cannot  be  employed  nn  pnint  in  the  ricinity  of  places  where  the 
■W|iiiiii  is  contandualed  with  sulphan^tted  hydrogen  gas,  zinc  white  or  baiyta 
nti  being  iarariablj  used  in  sucli  cases,  since  neither  of  these  latt4:r  is  blackened 
HlpfanaUcd  hydnigen.  Ileited  to  dull  redness,  white  lead  loaea  carbonic , acid 
dntcr,  and  is  cnoTertod  into  lead  oxide,  which  sbsorbs  oxygen  when  heated  to  red- 
ail  the  air,  yielding  very  pure  red  lead. 

fMfatMtaii.~8eTera1  methods  are  in  use  for  prspariDg  wbite  lead,  known 
■IKliTely  as  t^e  Dutch,  French,  and  English  methods,  in  esich  of  which  lead  car- 
Mleii  formed  by  the  decomposition  of  4  basic  compound  of  lew]  oxide  with  acetic 
ii  In  ordsT  to  obtain  white  lead  of  good  quality  it  is  desirable  that  tbe  lead  em- 
Tid  rinnld  be  fras  from  copper. 

DtTcs  MiTHOD. — Metallic  lead  is  conreited  into  basic  lead  carbonate  by  the  joint 
tin  of  acetic  acid,  carbonic  acid  and  atmasphDnc  oxygen.  This  method  is  the 
lat,  ud  is  still  the  one  most  practised.  Metallic  lead  is  melted  in  a  cast-iron 
■Hran  (a),  OT«r  which  is  a  sheet-iron  hood  (a'),  thnmgb  which  the  lead  Taponr  is 
liid  into  the  chamber  (*").  The  hood  can  be  closed  by  a  couple  of  sliding  doors  (e). 
•RUgement  that  is  reiy  necessary  in  melting  down  old  lead,  which  gives  off  a 
d  dsd  of  dust.  As  soon  as  the  lead  is  melted,  it  is  ladled  out,  and  cast  in 
■Ids  int<i  thin  plates  16  inches  lung,  4  inches  wide,  and  from  ^f  to  }  in.  thick.  These 
Id  thai  obtvn  a  rough  sur&ce  which  focilitates  the  ensuing  proceea  of  oxidation 
of  the  metal  under  the  influence  of  acetic  acid  vapour.  When  plates 
of  this  kind  are  used,  they  are  rolled  up  into  loose  coils.  In  order 
to  secure  the  exposure  of  a  considerable  eart'oce,  Beaau^n  recom- 
mended the  use  of  moulds  with  rectangular  furrows,  so  that  the 
lead  castings  have  the  form  as  shown  on  a  larger  scale  in  fig.  282, 
and  in  the  manoikctnre  of  whit«  lead  this  plan  is  now  generally 
adopted.  The  advantage  of  using  the  lead  in  this  form  of  grates 
is  that  more  surface  is  exposed,  and  tlie  circulation  of  the  vapour 
throngh  the  stocks  is  facilitated.  The  coating  of  the  grotes  is 
accelerated  by  plocing  the  moulds  upon  a  rotatory  disc  (c)  fig.  281, 
which  the  caster  turns  round  directly  a  mould  has  been  filled,  and  a 
second  workman  empties  the  monlds  that  have  been  filled. 


m 


Fio.  281. 

Oia  BMt  opuration  consists  in  oxpo^ng  the  lead  castings  to  the  nmnltansiius 
nt  of  moist  air,  carbonic  acid,  and  acetic  acid  vapour  nt  a  temperature  of  3G°  toeO°. 
rhaewbonie  acid  re|]aisito  for  this  inirpose  is  often  producoii  by  the  fermentation 
lOTM  dni^  mixed  with  straw,  and  large  quantities  of  the  lead  costjngs  ars  piled 
rith  altamats  layow  of  such  materials  in  pits  or  brick  chambers,  whore  they  ar« 
for  s«ma1  Ve«ks.  The  heat  evolved  by  the  fermenting  material  and  bj  the  oxi- 
»  of  the  iMd  !■  ■oSeiflit  to  keep  up  the  temperature  of  the  stack  to  the  ref  ninta 


1  13  feet  sqni 

ehambm  ure  bttilt  togcthei  }»A  ts  bd. 

Charging  lie  aamierM.—Tl»  loOm 

of  Hich  chanlm'  is  fint  connd  ailki 
lujir  uf  Etmbte  litUr,  apon  vliidi  n 
jiInceilnnuTnlirruf  glazad  mtbnpati  Ml 
nmuiumiE  ubout  half-&-pint  of  liai^ 
I'ive  (ir  !ii  iBTtn  of  lead  gntiiv  m 
laid  iboTelbe  pbls,  thni  MrenliHMtf 
vjo<l,aiiiIalB]-L-rofpliiDksKbara.  tfM 
lh;!>  Ihtct  (N'>.  ],  £g.  2SS)  nni  Mi 
h'jDie  dung  isspniul  with  &  nmilir  liJK 
of  j<ptta  nod  lead  gmtiagn  ftbon  it,  ih 
in  thii  WSJ  a  (tuck  is  bvlt  to  thatar 
of  the  chamber,  ■  thick.  laj«r  of  k«i 
doDg  being  Kpnad  over  thilAlll*.  I> 
order  lu  promata  the  circnIatioD  d  0 
tliiough  the  Etacka,  a  space  is  lift  bMns 
OOP  end  of  each  Ujet  and  the  nil  i' 
the  chamlm  .iltonutelj  at  oppoiitsadK 


the  Teitioil  section,  Ig.  Itt 

In  the  place  of  horse  don;,  lU^ 


J   jnffirient  qniititT  d 

Fro.  283.  straw,  ipmt  tan  may  be  need,  tlu  idi* 

in  both  cawB  being  due  to  the  dcTelopment  of  heat  and  carbonic  add  b;  tbe  d» 
composing  cirfriinic  BubBtunccs.  The  heat  causes  eraporatjott  of  rinegar  and  nH 
which  con  vprt  the  laul  in  contiu]t  witli  utmospbc He  oxygen  into  basic  laid  tcMst^  ul 
thin  salt  is  converted  by  the  carbonic  acid  in  the  air  into  basic  Uad  ealboDitk* 
white  loiid,  the  neutml  lead  acetnte  furinni  iit  the  same  time  being  also  eoomtal  If 
the  moiHt  and  wann  curbonic  acid  inlo  cirljonate.  with  libaratinD  of  aeelie  lai.  S* 
range  of  U'znporaturo  beat  sniled  fi«  (liis  proresB  Ik  fnim  40°  to  M°,  In  tlu  t«» 
of  the  stucks,  eapvcinllj  .it  the  beginning,  when  the  fermentation  is  Teij  ■Oin.lii 
temperuture  FiseB  an  high  aa  90°  or  IUO°.  but  near  the  aidee  of  the  chsmbei  thslM- 
peiHturo  may  be  lower  Iban  10°. 

The  etackH  aro  openwl  nftur  thu  lapse  of  30  or  3S  days  when  horse  dmig  is  oii 
or  after  6  or  7  vvokn  wlii.-ii  spunt  tan  it  employed.  Since  a  fnt-ooiablo  rssnk  depcedi 
Toiy  much  upon  the  mainteniinct  of  a  nniform  tempetsture,  this  ia  prorid^  It  ^ 
means  of  double  walls  nad  i,tber  amingementB,  or  even  by  warming  Uie  sU^  M  ■ 
Cariiithia  niul  Styri»,  where  there  are  very  aitcnsive  white  lend  and  lithaiilp  vtdfc 
Tie  bent  Iwden  plates  are  there  hung  upon  lathes,  in  well-tat«hed  wooden  hocs^il 
the  bottom  of  which  the  Tinier  i<>  placed  and  tailed  with  the  drcompoaing  nitstidb 
auchns  wine  Icee,  fruit,  etc.,  ho  that  the  lnulpU(«s  do  not  ciime  into  omtaet  witkA» 
After  packing,  the  boxes  are  cloned  witli  liilc.  A  iiumlier  of  boxes  of  this  iM  ■* 
plu'cd  together  in  chnmbi'm  which  are  well  dosed,  nttd  fumiahad  with  daahls  vik 
the  apace  litwoen  whicli  is  fUled  in  with  wmifl  bad  conductor  nf  heat,  aid  ii 
ehambcni  nro  gmdually  warmed  by  hot-air  pipes,  hi  that  after  the  Hrst  wsck  fc 
tempeiatnri'  ia  not  ninio  tkin  Si'i^nfler  the  MTondweek  37",  after  the  third  vesfcU*. 
and  after  the  fourth  or  sixth  week  60°.  Then,  nSter  n  few  duya.  air  is  admitlad  h 
the  chamlicra,  and  the  corroded  load  is  removed.  Tliu  process  which  takes  {ibcs  ii 
theso  chnmbcn  is  exactly  the  same  aa  In  (h<-  bLnck  mtthod  nliore  described. 

The  whiti!  IcHtl  thua  produced  is  in  an  extremely  minute  state  of  division,  and&M 
from  crVBtallino  particles,  and  in  this  respect  it  differs  from  the  sabBfauice  obmal 
from  BolntionB  of  lead  salts  liy  prccipitntion  with  cnrbonie  ncid.  This  prcdpitstafe 
gaDOrally  ciratfllline  in  structure,  and  when  nacd  as  paint  it  does  not  covei  the  soiftn 
to  which  it  ia  npplicd  so  well  as  the  white  lend  prepared  by  the  Datch  method.  Hi 
OpatjUD  charactur  of  ihis  muterial. 'ti'bnically  eiprmod  by  the  term  bodj,  ia  nMislf 
daa  t'j  ilH  amorphotis  atructure  nnd  the  very  fine  atala  ot  suliilivi»ion. 

Tile  lead  plates  when  taken  out  arc  covered  with  a  coating  of  crude  white  laA 
but  are  seldom  entirely  converted  intn  white  lead  ;  when  tliia  ia  llie  case,  the  pndMl 
JH  sold  as  flake  white.     To  sepnnito  the  white  lead  from  the  unaltered  metal, (>■ 

plates  are  tappod  with  the  hand,  an  o       -   ■    -        .     ..     .    ^ 

of  the  workmen  ;  Cir  which  reason,  thi 
platea  from  the  chambers,  while  they 
proeaution. 

In  some  works  more  regard  is  paiil  to  the  health  of  the  workmen,  and 

~    ~~D  used  fur  removing  the  white  lead.    An  anongement  of  the  kind  k 


- -  very  injunons  ti 

I  done  immediately  upon  the  nmonl  of  Iha 
atill  moist,  and  in  oil  casea  with  nrjp^ 
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_,^._ iber,  when  u  woitnuin  epre^la  them 

W),  which  panes  them  between  a.  couple  of  paint  of  flADgail 


n  (ylindeoi  {//") 

rtilelcaid  u  robbed  o^  and  blleOTer 
lopag  ihelf  (■)  ioto  •  rcMel  (J)  filled 
ntw,  whiU  the  multered  lead  falla 

Ubn  white  lead  i*  flt  for  use  it  re- 
■  to  be  gmuid  to  ft  bomogenaDiu  iia- 
ihla  pgwdsr.  On  aaconnt  <rf  the 
Bcn  nitnre  of  the  mbatance,  and  the 
tt  of  jnyaxj  to  the  workmen  that 
duiM  ttam  finding  it  in  a  dr;  gtate, 
FNiiwiTi  mixed  with  the  white  lead 
impennoa.  The  miUaiued  for  the 
M  eonAit  of  flat  ptonee  mnniiig 
inlallj,  and  wTezsl  of  them  ureplaced 
7  Bd^  u  ■hows  in  flf .  288,  which  le- 
■U  a  uriee  of  niae  miUa. 
V  ns  ripniKnta  a  mill  of  th«  kind 
■ctioii;  a   ii  Lho  ihaft  with  driviiig 


1  none.  The  white  lead  mixed 
withwnter  is  placed  ia  the  ciBtem 
(k\  and  then  raised  bj  the  ele- 
-  Tatar  (*^  into  the  first  of  the  0 
grinding  mills  (/t,  %.  2SG),  fmm 
which  it  is  discharged  iiito  the 
recoiTers  (m  m).  and  then  tmns- 
tarred  to  the  remaining  mills 
succeBsirel;.  After  baring  passed 
b  7  Hilla  (3  mill*  being  alvajt  outofnse  for  cleaning),  the  white  \wA  iiirc- 
to » nay  Ins  paste,  and  wheiii  it  has  settled  it  is  transferred  tn  unglazed 
I7  ihaped  pots,  baring  a  capacity  of  I  to  fl  pints,  which  are  first  set  to  ilrj 
Mitaad  (■,  Ig.  386)  tn  the  open  air,  asd  ofterwaids  put  in  a  drying  chnmlicT. 
[the  diTugt&tamnratiiTe  mnit  be gradnally  raised,  and  care  must  be  tnken 
d  Middaii  dungs  of  temperatnre,  rince  this  is  apt  to  make  the  Inmps  of  white 
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is  ehi^j  the  better  sc 
i  !■  oftni  mat  with  in  1 

If  this  particular  form  is  n 


K  the  earbonic  aoid  raqnlrad  in  making  v\a.U 


1,  togaUiar  witb  ai 


taining  tie  loml  pluli   .     — 

12  Teet  vids,  Hiid  S  ft'ct  Ligh,  fumisliod  iDt«rDii11y  with  S  tiotfl  of  fr 

■trips  of  lead  30  to  40  ioclira  long  nnd  4  inches  vide  ais  hoDg.    Oo  tba  tow  ■ 

hvng  »  vinegur  pot  or  cauldron.  fnmiBhed  vith  b  auam-jacket  for  hndng  it   tin- 


tubea  ialo  tho  bottom  of  the  wbito  lead  chamben,  acar  tha  naegar  poL  A  i  , 
furnace  for  producing  carbonic  acid  is  leqnired  for  OTcry  4  or  6  chambtn.  Ht 
■upply  of  vinegar  rapour  is  regulated  by  uie  staom  peaaed  into  the  jaekrt,  MdtW 
Eupplj  of  ciirbonic  acid  by  means  of  Etopcocka, 

t^h  of  tho  cbaiubers  above  deacn bed  is  nsnall 7  worked  in  the  ynjimjbi 
3  times  a  dnv.  for  an  hour,  and  nt  inlerrala  of  3  or  1  honn,  the  eompleta  minii 
of  the  Ivud  into  irhitu  lead  requiring  about  30  dajs. 

Fbunch  Mkthod. — Thia  conmata  in  paasing  carbonic  acid  into  a  dear  vlitMi' 
basic  lead  iLcotnte,  co  as  to  precipiliite  basic  lend  carbonate,  and  leare  niDlal  [hJ 
acvtutein  solution,  which  is  agun  conveitnd  into  baaic  lead  acetate  bj  tieatinBitrii 
lead  oxids.    This  proceiu  was  euggeated  by  Th jnaid,  and  practicall j  cunsi  et  If 

The  salution  of  Liiaic  lead  acetate  is  prepared  by  diuolving  lithana  it  in 
rintcar  and  ovnporaring  the  tvilotion  to  18°  B.  Tbe  carbonic  acid  reqmitd  ^^ 
ubtainad  either  b;  lime-baming  or  fermentalion,  by  tbe  action  of  bydiochlwicMl 
npon  limostone.  magnesitc.  etc..  or  by  humicig  charcoal. 

An  apparatus  for  pccpariog  irhitn  lead  according  to  the  French  nnnMii  n^ 
seiiteil  by  fig.  3t>7.    Tho  vat  (i),  uf  about  4,5(10  galluna  capacity,  nan 
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the  litharge  in  ncctli'  nci.l,  the  wlalion  of  the  litharge  being  facilitated  by  (hi  tOBt 
(jCc);  the  prepared  liquid  having  a  HpeciSc  grarityi^  1'134  isruD  thrauf^  tbtegdW 
Into  thu  rcHervoir  (n).  6  feat  deep,  made  of  tinned  copper,  vbein  ths  inaidiblt  ^ 
stances,  such  as  metallic  lead,  copper,  iron,  and  sometinieB  Imoea  of  nlver  dloifc 
are  allowed  to  depuait.  and  the  clear  liquid  it  then  run  into  a  second  t«iik  hariif' 
a  depth  of  2  foet  a  capacity  of  nearly  2,000  gallons. 

This  tank  ig  covered  with  a  ctuae-Htting  lid  secured  by  clunpa.  Into  Ihi  lidM 
soldered  800  tu1-ea  which  dip  12  inches  into  the  liquid  and  nra  conneetid  «itk  X 
tubes  above  the  lid  which  branch  out  from  n  main  (gg).  Chalk  or  limestoM  it  1^ 
with  coke  (2^  {lorts  limustone  to  1  part  coke)  in  n  small  limekiln  (d  n).  S^MW 
and  27  inches  in  diameter  nt  the  widuat  part,  which  is  cb.iiged  six  timet  dtij^.^  V, 
carbonic  acid  is  drawn  nut  throogh  the  lube  IJt)  by  an  arcbimedean  screw,  thaaAt* 
into  the  main  {gg^  and  through  tho  800  bmnch  tubei  into  the  solution  of  leadMMl| 
Afur  carlionic  acid  has  boon  paued  in  for  about  12  or  U  hours  the  predntatiBi' 
the  while  lead  is  eoniplete  ;  it  is  then  allowed  a  few  minutes  to  nettle.  Uie  den  1 
nataEt  liqnid— which  has  then  a  denejty  of  only  6°  B.— is  drawn  off 
and  [lumped  back  through  the  pipe  Q.)  into  the  solution  vnt  (i)  to  prFpue 
quantity  of  boMC  lead  acetate'  eolution. 

The  precipitated  white  load  19  then  atirrod  with  water,  run  off  fivm  the  laig*  <>^ 
into  the  t*nk  {0),  and  after  settling  there  the  gupem;itant  liquid  ia  traufgini  i*: 
the  vat  (a),  together  with  the  firet  eolution.  The  preciuitateil  whits  lead  isviM 
twice  witli  fr«h  water  and  fillod  into  the  ordinary  moulds  to  dry. 
_  _  Instead  of  dissolving  the  litharge  by  stirring  it  with  the  sugar  of  lead  loMiA 
It  IS  n  simpler  plan  lo  fllter  the  solution  through  litharge  containad  in  tinned  eoR' 
cyliadora. 

White  lead  prepared  according  to  the  French  method  bos  essoatiallT  the  bM 
composition  aa  that  prci«ro.l  by  the  Dutch  method,  pnividtid  excMi  of  eubammt 
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u  ftToided  in  the  precipitation,  which  would  give  rise  to  the  formation  of  some  neutral 
lead  carbonate. 

French  white  lead  is  superior  in  whiteness  to  the  Dutch,  which  generally  contains 
some  lead  sulphide ;  it  does  not  cover  so  well,  on  which  account  Butch  wMte  lead  is 
prafeired.  The  difference  in  covering  power  of  these  two  sorts  of  white  lead  is  pro- 
bably due  to  the  fact  that  the  French  variety  is  crystalline  by  reason  of  its  formation 
from  solutions  at  the  ordinaiy  temperature,  while  the  Dutch  white  lead,  prepared  in 
the  dry  way  and  at  a  higher  temperature,  is  amorphous.  In  point  of  fact,  it  has  been 
ascertained  that,  by  precipitating  a  hot  solution  of  basic  lead  acetate,  white  lead  is  ob- 
tained of  better  covering  power  than  the  ordinaiy  white  lead. 

ExoLiSH  Method. — Pure  litharge,  prepared  by  oxidising  lead  free  from  copper  in 
a  reverberatoiy  furnace  in  a  state  of  fine  powder  and  moistened  with  a  1  per  cent, 
solution  of  sugar  of  lead,  is  exposed  to  a  stream  of  carbonic  acid.  The  gas  is  easilv 
absorbed,  and  in  order  to  facihtate  the  action  the  mass  is  either  stiired  about  with 
rakes  or  is  placed  in  barrels  turning  upon  a  hollow  axis,  through  which  the  carbonic 
add  is  passed  into  them.  In  this  way  basic  lead  acetate  is  formed  which  is  decom- 
posed by  the  carbonic  acid,  while  a  further  quantity  of  basic  load  salt  is  formed  witJi 
the  unchanged  litharge,  and  so  on. 

Several  other  methods  of  preparing  white  lead  have  been  proposed  with  the  object 
of  reducing  the  time  requisite  for  the  operation  ;  but  none  of  them  have  been  suffl- 
dently  successful  to  supersede  the  Dutch  method,  which  is  chiefly  practised  in  the 
manu&cture  of  white  lead. 

A  compound  of  lead  chloride  with  tbe  oxide  PbCl,  +  PbO  was  introduced  by 
Pattinson  as  a  substitute  for  lead  carbonate,  and  prepared  by  grinding  powdered 
gslena  with  strong  hydrochloric  add,  and  thus  converting  it  into  lead  diloride,  which 
is  dissolved  in  boiling  water  for  the  purpose  of  separating  particles  of  gangue,  unde- 
eomposed  galena,  etc ;  the  solution  is  then  mixed  with  lime  sufficient  to  decompose 
one  naif  of  the  lead  chloride  and  a  precipitate  is  thus  obtained  consisting  of  oxychloride. 
A  similar  compound  is  obtained  by  decomposing  lead  chloride  with  ammonia,  or  by 
precipitating  basic  lead  acetate  with  sodium  chloride,  its  composition  being  probably 
repwsentedby  the  formula  Pb^HjCljO^  =  PbOl,  +   3PbO  +   HjO. 

Whits  Lsad  fbom  Liud  Sulfhatb. — ^Payen  suggested  that  white  lead  might  be 
VBsdily  prepared  from  lead  sulphate — an  abundant  and  almost  worthless  by-product 
of  calico  printing — by  treating  it  with  a  solution  of  ammonium  carbonate  or  sodium 
carbonate,  and  grinding  the  two  salts  together.  When  the  salts  are  suffidently  sub- 
divided and  mixed,  the  decomposition  takes  place  almost  immediately,  soluble  ammo- 
nium sulphate  or  sodium  sulphate  being  formed,  together  with  lead  carbonate. 

In  order  to  render  white  lead  cheaper  it  is  often  mixed  with  lead  sulphate,  heavy 
spar,  chalk,  clay,  gypsum,  and  other  substances,  which  are  sometimes  added  to  such 
an  extent  that  the  material  does  not  contain  more  than  10  per  cent,  of  real  white  lead. 

A  recent  procedure  in  preparing  white  lead  consists  in  kneading  the  moist 
white  lead  as  it  comes  from  the  wet  mills  (p.  395)  with  oil.  The  oil  displaces  the 
water  and  unites  with  the  white  lead,  settling  to  the  bottom,  while  the  water  swims 
above,  and  only  requires  to  be  drawn  off.  By  this  method  of  preparing  white  lead, 
the  ii^urious  effects  of  lead  dust  upon  the  health  of  the  workmen  are  avoided. 

Mixtures  of  this  kind  are  often  met  with  in  commerce  under  various  names,  such  as 
Venetian  white,  Hamburg  white,  Dutch  white,  etc,  and  the  relative 
qualities  of  these  articles  as  pigments  correspond  to  the  proportion  of  foreign  sub- 
stances mixed  with  the  lead  carbonate. 

These  admixtures  admit  of  ready  detection  by  simply  treating  the  white  lead  with 
dilute  acetic  or  nitric  add,  heavy  spar,  lead  sulphate,  clay,  and  gypsum  renuiining 
undissolved ;  the  solution  may  contain  besides  lead  nitrate  or  acetate  (dissolved 
white  lead),  a  salt  of  lime,  and  by  treating  such  a  solution  with  excess  of  caustic 
potash  the  lime  is  precipitated.  Another  method  of  testing  white  lead  condsts  in  pre- 
dpitating  the  add  solution  of  the  salt  with  sulphuretted  hydrogen  and  filtering  off 
the  lead  sulphate,  when  the  filtrate  ought  not  to  leave  any  connderable  residue  upon 
evaporation.  Small  traces  of  residue,  however,  may  be  due  to  the  use  of  spring  water 
in  washing  out  the  white  lead. 

Vsas. — ^White  lead  is  used  almost  exclusively  as  paint,  for  which  purpose  it  is 
ground  up  with  linseed  or  poppy  oiL  The  denser  its  nature,  the  less  oil  is  it  capable 
of  absorbing.  In  order  to  secure  intimate  mixture,  the  white  lead  requires  to  be  in 
a  very  finely  divided  state. 

White  lead  paint  dries  easily  in  the  air,  pure  white  lead  facilitating  the  drying  of 
the  oiL  Exposed  to  air  and  light,  the  whiteness  of  the  colour  becomes  intensified ; 
btt  when  mixed  with  heavy  spar,  it  assumes  a  greyish  hue.  In  dark  places  white 
lead  turns  yellow ;  the  Dutch  white  load  more  readily  than  the  French  :  exported  to  the 
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silver  and  below  the  melting  point  of  gold.  At  the  ordinary  temperature  itdMMt 
readily  oxidise  in  dry  air,  but  in  contact  with  a  moist  atmoapnere  it  gradoalljbeooHi 
coated  with  a  green  incrustation  consisting  partly  of  cupric  carbonate ;  wbm  iMitri 
to  redness  in  atmospheric  air,  copper  readny  oxidises  and  becomes  oorend  vitkt 
bbick  scale  consisting  of  cupric  oxide.  It  is  scarcely  affected  by  hydrochlorieadiff 
sulphuric  acid  when  dilute,  but  it  dissolves  readily  in  concentrated  solphnrie  uU 
with  evolution  of  sulphurous  oxide ;  nitric  add  dissolves  it  readily,  even  when  iSntd, 
nitrous  fumes  being  evolved ;  and  moderately  strong  acid  acts  violently  opoo  the  uliL 
but  very  strong  nitric  acid  does  not  act  upon  it  at  all. 

The  oxidation  of  copper  is  promoted  very  much  by  contact  with  acidi  whnitii 
exposed  to  the  air,  and  under  these  conditions  the  metal  is  rapidly  cozroded  ud  fl» 
verted  into  a  salt.  It  is  in  this  way  that  a  green  incrustation  is  formed  upoocBfiBHT 
vessels  that  are  not  thoroughly  cleuised  from  fat,  etc.,  or  in  which  liquids  are  sllom 
to  remain  exposed  to  the  air. 

The  presence  of  very  small  proportions  of  arsenic,  antimony,  bismuth,  Bncb  oriM 
in  copper  rentiers  this  metal  inferior  in  malleability  and  tenacity.  The  tondnMlrf 
copper  is  also  very  much  reduced  by  the  presence  of  cuprous  oxide,  which  isoiaahri 
by  the  melted  metal  generally  to  the  extent  of  more  than  4  per  cent  (See  JSiK 
Copper.)  Melted  copper  is  capable  of  dissolving  as  much  as  19  per  cent  of  eipM 
oxide. 

Preparation. — Though  metallic  copper  occurs  naturally  in  Noith  Anuritt  a^ 
some  other  localities,  comparatively  very  little  of  it  is  turned  to  acooont  Tin  Mi 
containing  copper  in  the  state  of  oxide  and  carbonate  are  in  some  instancoe  SBsItfldlif 
themselves,  and  then  the  production  of  metallic  copper  from  them  oonriitf  ehid^k 
the  reduction  of  the  oxide  by  smelting  with  coal  and  suitable  flnxea  for  the  Mfli^ 
tion  of  the  earthy  ingredients  of  the  ore.  These  ores,  however,  generallv  contau  9M 
admixture  of  sulphuretted  minerals,  and  some  of  the  copper  in  them  it  not  tdmd 
by  this  treatment  to  the  metallic  state,  but  is  obtained  as  a  regains  eouutiBg  tf 
cuprous  sulphide  and  ferrous  sulphide.  Sometimes  an  addition  of  iron  pjritss  is  tal 
desirable  in  order  to  prevent  the  slog  from  retaining  copper  in  the  state  of  silieita 

In  most  instances  the  ores  consisting  either  of  copper  pyrites  or  some  otharnbktf 
compound  of  copper  constitute  the  chief  sources  from  which  copper  is  obteinsd.  ui 
extraction  of  the  metal  from  these  ores  is  effected  by  a  series  of  operstkni  BmI 
upon  the  characters  of  cuprous  sulphide,  and  upon  the  fact  that  copper  oombioMiitk 
oxygen  less  readily  than  mm  docM.  These  operations  consist  in  first  separating  salfkv 
irom  the  iron  pyrites  in  the  ore  by  oxidation,  and  at  the  same  time  converting gnitH 
part  of  the  iron  into  the  state  uf  oxide ;  then  melting  the  roasted  ore  with  mOfM 
raaterinl  so  as  to  convert  the  oxidised  iron  into  the  state  of  a  liquid  slag,  from  iUSA 
the  heavier  cuprous  sulphide  separates  by  subsidence ;  lastly,  decomposing  the  e^n* 
sulphide  partly  by  direct  oxidation,  and  partly  by  the  reaction  of  the  cnpzie  osk 
til  us  formed  with  the  unoxidised  sulphide,  according  to  Uie  following  equatMNi: 

CojS  +   2CuO     =     4Cu   +   SO^ 

It  is  chiefly  in  this  way  that  copper  is  reduced  when  the  operation  of  smeltifl|  ii 
carried  out  in  reverberatory  furnaces. 

When  copper  pyrites  is  roasted  at  a  low  red  h^t,  sulphurous  onde  is  givtn  A 
and  after  some  time  the  mass  is  eventually  converted  into  a  reddish-coloured  pib^ 
rulent  mixture  of  ferric  oxide  and  cupric  oxide.  At  the  commencement  101116  noM 
sulphate  and  cupric  sulpliate  arc  formed,  but  these  salts  are  decomposed  at  a  V^ 
temperature. 

When  a  mixture  of  this  kind  is  smelted  in  contact  with  carbonaeeou  sobrtlMM 
and  silica,  the  ferric  oxide  is  reduced  to  ferrous  oxide,  which  combines  with  theite 
forming  a  fusible  slag,  and  the  cupric  oxide  is  reduced  to  the  metellic  state  ehis^tf 
the  action  of  carbonic  oxide : 

CuO   +   CO     «     Cu  +   CO..  ' 

It  is  in  this  way  that  copper  is  reduced  when  the  operation  of  smelting  is  coadaM 
in  shaft  furnaces,  and  in  the  case  of  rich  copper  ores  containing  little  impmifcyAi, 
roasted  ore  might  be  at  once  subjected  to  this  treatment 

Copper  ores,  Iiowever.  generally  contain,  in  addition  to  cuprous  sulphide  and  I 
pyrites,  admixtures  of  other  mineruls  containing  arsenic,  antimony,  silver,  and 
substances,  which  have  to  be  separated  either  to  ensure  the  purity  of  the  oop^^ 
on  account  of  their  intrinsic  value,  and  the  treatment  to  which  the  ore  is  sabjidli 
varies  in  each  case  according  to  the  nature  and  amount  of  those  snbstences. 

Thus,  for  instance,  in  the  first  operation  of  roasting  the  ore  by  which  some  of  04 
sulphur  is  separated  and  the  iron  converted  into  ferric  oxide,  arsenic  and  antiafll 
are  to  some  extent  driven  off  as  vapour  bv  the  direct  action  of  the  heat  or  by  niiditfai 
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Symbol  Cu.    Atomic  Wbioht  68*4. 

jm — ^This  metal  has  been  known  from  the  earliest  times,  and  it  appears  to 
baTe  been  nsed  for  maldng  weapons,  tools,  and  agricoltnzal  implements  bng  before 
iron  was  applied  to  these  purposes.  It  was  termed  mz  ct/prium  by  the  Bomans,  who 
obtained  it  fiiom  the  island  of  Oypros ;  and  this  name  was  ultimately  cormpted  to 
euprmin.  The  Gbreeks  obtained  copper  from  Chalcis  in  Euboea,  and  hence  caUed  it 
XoXstff,  but  hoth  tJiis  name  and  the  Roman  as  appear  to  have  been  applied  indif- 
forently  to  copper,  bronze,  and  brass. 

Hccmraiiee.— Copper  occurs  naturally  in  the  metallic  state,  sometimes  in  con- 
siderable masses ;  but  it  is  much  more  abundant  in  various  states  of  combination, 
chiefly  with  sulphur,  in  the  form  of  cuprous  sulphide,  Ou^,  as  redruthite  or  copper 
glance,  and  in  the  ibrm  of  cupric  sulphide,  CuS,  as  covellite  or  indigo  copper. 
These sah>hides  also  occur  combined  with  other  sulphides,  as  in  copper  pyrites ;  the 
composition  of  which  approximates  to  the  formula  Ch^S.Fe^S,  or  CuS.f  eS.  Another 
compound  of  cuprous  sulphide  with  ferric  sulphide,  varying  in  composition,  occurs  as 
purple  or  Tarieeated  copper,  SCujS.FejS,,  and  a  number  of  other  minerals,  such 
as  the  yarieties  of  fahl-ore,  contain  cuprous  sulphide  associated  with  sulphides  of 
other  metals.  Cuprous  oxide,  Cu,0,  occurs  naturally  as  red  copper  ore;  cupric 
oxide,  CuO,  as  melaconite  orblack  copper;  and  m  combination  with  manganous 
oxide  as  cuprous  manganese,  with  zinc  oxide  as  aurichalcite,  and  wiSi  lead 
sulphate  as  li  na  ri  te;  the  carbonate  combined  with  cupric  hydrate  occurs  as  m  alachi  te 
anaazurite. 

Cupric  silicate  occurs  as  dioptase,  CuO,Si02.H,0,  and  with  a  larger  proportion 
of  water  as  chrysocolla.  Cupric  chloride  occurs  combined  with  cupric  oxide  and 
water  asatacamite.    Cupric  phosphates  and  arsenates  also  occur  nuturally. 

The  sulphur  compounds  of  copper  which  constitute  the  principal  ores  of  this  metal 
occur  as  veins  or  lodes  in  the  older  rocks,  frequently  associated  with  other  minerals  in 
such  large  proportions  that  the  mass  contains  only  a  small  amount  of  copper.  Besides 
the  copper  ores  occurring  in  this  way,  rocks  occur  in  some  localities  so  highly  impreg- 
nated with  copper  as  to  be  available  for  the  extraction  of  the  metal.  The  copper  in 
these  rocks  is  sometimesin  the  state  of  oxide,  carbonate,  or  sulphide ;  but  it  is  probably 
always  of  secondary  origin  and  derived  from  sulphuretted  minerals  by  a  series  of  slow 
chemical  changes,  ihe  first  being  the  formation  of  cupric  sulphate  as  a  result  of  the 
oxidising  action  of  the  atmosphere  upon  cuprous  sulphides,  in  consequence  of  which 
the  water  in  copper  mines  is  often  highly  impregnated  with  cupric  sulphate.  This 
salt  being  soluble  in  water  is  dissolved  by  rain,  and  the  solution  filtering  through 
beds  of  limestone  or  other  rocks  containing  carbonates,  is  decomposed  with  production 
of  cupric  carbonate,  which  is  deposited  in  the  rocks  where  the  decomposition  takes 
place.  At  a  hieh  temperature  the  product  of  decomposition  in  such  cases  might  be 
cupric  oxide,  and  if  the  strata  permeated  by  the  copper  solution  contained  organic 
substance,  the  cupric  sulphate  might  be  deoxidised  and  cupric  or  cuprous  sulphide 
*  formfd  as  a  result  of  the  chemi^  action.  Probably  the  copper  pyrites  in  the 
bituminous  slate  of  the  Mansfeld  district  in  Saxony  has  originatea  in  this  way. 

Copper  also  occurs  very  firequentlv  in  minute  proportions  in  some  meteorites,  in 
iron  ores,  soils,  and  mineral  water.  It  has  also  been  detected  in  sea-weeds,  in  the 
rsd  pigment  of  the  wing  feathers  of  the  Turaco,  and  in  the  blood  of  some  animals. 

Oluuraetars* — Copper  has  a  characteristic  yellowish-red  colour ;  its  density  varies 
ftom  8*910  to  8*960.  It  is  very  hard,  malleable,  and  ductile ;  by  hammering  or  draw- 
ing into  wire  the  hardness  is  increased  and  the  metal  becomes  brittle,  but  it  can  be 
softened  again  by  heating  it  to  redness  and  allowing  it  to  cool  slowly.  The  fracture 
if  gianular  after  melting,  but  after  the  metal  has  been  hammered  it  breaks  with  a 
ibions  fracture.    At  a  rod  heat  it  is  so  brittle  that  it  can  be  crushed  to  powder. 

Copper  melts  at  a  bright  red  heiit  »umcwhat  higher  than  the  melting  point  of 
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hy  wliiph  the  roelled  salpbor  tepatiai  bam  tt 
ranti  iivny  iato  receptiieles  {eet)  oalcide,  ■ 
Kulphur  vnponr  eccapes  thnnigh  th>  ehamwli  ( 
whjch  cammunical«  with  the  fine*  j/.O"*'' 
vapour  is  condeased.  Tbe  nir  leqninla  nvtfU 
in  admitted  through  the  apertntei  (?cec)Ud* 
part  of  tliD  walls. 

Kilns  similaT  to  thoae  used  for  bnniuigliaiB 
used  for  roRHtiug  copfier  ores.  In  all  tliMt  (W 
ore  can  be  roasted  in  lumpe,  and  oa  the  snlpUin' 
IDS  to  bum  and  eTolve  heat.  vei7  littls  fw  ilMf 
f  fine  powder,  il  is  ronstsd  in  n  niTcrbeimtaCJ  fcw 
OreH  contnining  arcenic  and  antimony  in  «ini>ideml>le  amoant  r^iin  * 
thonughlj  roBBtcd.  iind  it  is  often  nece-^fuiry  to  repeat  ths  operatioo  ■ennlli' 
[lieae  substances  are  to  be  got  rid  uf  in  this  Htnge  of  the  treatment.  Aftw  tktw 
been  onee  ronatad  it  is  in  lie  snbsequent  ronsling  mixed  with  mma  fdelto  liiB 
nrarnites  and  antimonstos  formed  hy  oxidntion.  But  in  any  caaa  the  <■■  Wtt^ 
deprived  of  the  whnio  of  its  salphur,  or  if  there  is  a  defidencj'  of  snljhir  > 
loasted  materia]  some  pyriti-x  miiNt,  be  mixed  with  It  when  tbe  sabaaqosat  (f*^ 
smplting  is  carried  out. 

In  roasting  ores  contisining  bioiida  an  !ulmizture  of  eoal  is  nqaisHa  te  Ai 
pose  of  decomposiog  the  nnc  sulphates  formed  by  oiidntion.  la  ■msbiit  *l|j 
ore  containing  line  sulphate  this  salt  would  be  rednrad  to  salphide.  vUdl  ti  W 
Ite  taken  ap  b;  the  slag.  When  this  is  the  case,  the  nlag  ia  rendemd  lesMi* 
it  does  not  readily  separnte  from  the  regains,  couBlderable  Ions  of  copper  is  d*^ 
Ores  containing  only  a  veiy  amall  proportion  of  copper  in  the  atala  tl  4^ 
togsther  with  much  farrona  talpbida,  undergo  a  remarkable  altenb'on  in  ff^ 
reanlt  of  which  is  that  the  copper  accumulates  nC  some  point  in  the  iBtfi*''! 
lumpii  of  ore,  and  while  the  onler  portion  of  the  lumps  consists  almost  entMr" 
Diide  containing  only  a  trace  of  copper,  the  core  or  nueleui  consists  ehi^  iM 
rnmbioed  witb  salphur.  Advantage  is  sometimee  taken  of  this  fact  to  •■>■ 
the  copper  in  poor  orei.  by  roasting  1  hem  until  the  grenler  part  of  the  fsma^ 
hoa  been  vidiaed  and  the  enproas  sulphide  has  colleeted  in  thii  my  at  A(W 
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OOPPEB  SMELTING.  «! 

Bit  at  tha  hbu  timt  UMoatM  uid  vitjiiionabie  ue  formed,  vliich  rsmoiD  in  tlie 
routed  material,  and  wonld  id  the  sabeeqiieat  Emelting  opentioD  either  nve  rise  Ui 
tliB  pnidnetuia  of  tpeiee,  whiah  ia  an  alloj  of  arwnit:  end  antimony  with  copper 
and  other  metali,  or  rendu  tht  copper  ao  impnre  that  it  vanld  be  unfit  foe  nso.  For 
thia  rraann  it  ia  not  found  adrantageona  to  roaat  copper  ore  to  nufa  an  extent  that 
it  vill  fiald  Id  Uie  Brat  amelting  metallic  coppuv  bai  only  lo  tat  that  in  the  fint 
initaiiea  Ilia  eopper  ia  obtuned  in  the  atale  of  caprona  anlphide,  together  with  aome 
tamina  anlphida  and  other  Bulphidaa,  conatitDting  what  is  tanned  coarae  metal  or 
erode  regBlaa. 

AftK  tna  ON  haa  bean  aaffldentlj  roaatad,  it  ia  melted,  together  with  ailiciona 
floMa,  Uneatoite,  floor  ^«r,  etc,  ineontaet  either  with  the  radncingnaea  prndiwed  in 
a  tarcriMnte^flDiMM,  at  with  the  ftul  itaelf  in  sbsft  fumaeea.  The  hme  oxide  ia 
Ihoa  ladscad  to  ferroua  oxide,  and  combining  with  the  ailicaof  the  flnx,  fbmu  a  f^ble 
alag,  ftom  which  the  copper  aepantes  in  the  ■tate  of  ^eguln^  consisting  of  cnproua 
nlphidak  fcrRma  (niphide,  and  otber  anlpliidee.  So  long  as  the  material  operatsd  npoD 
in  thia  waj  '^Titii"*  more  anlphor  than  ia  anfBcient  to  form  cnprooa  anlphide  with  Che 
copper,  noua  of  thia  taatal  is  dissolved  ij  tho  aU^,  and  even  though  aome  coppti 
Buj  hare  been  oxidiiad  in  the  loaating  of  the  ore.  it  will  ba  conrerted  into  oupiona 
aolphida  bj  the  reactioa  with  fbimni  anlphide,  whicb  takea  place  tsij  readily  accord- 
ing to  the  following  eqnatjon:  Ca,0   +   FaS  -  FeO   +   Ci^S. 

Hw  era  regnloa  or  coarae  metal,  obtained  by  smelting  the  roosted  ore.  ia roastod 
la  theore,  for  the  porpose  of  eSecting  a  farther  espantioa  of  anl- 
timony,  as  veil  as  the  conreraion  of  the  iron  into  ferric  oxide. 
le  extent  to  which  thia  raaiting  ii  carried  dependi  upon  the  character  of  the  ore 
woiksd.  If  it  be  free  from  aaj  conaiderable  amoant  of  impniities,  the  coane  metal 
may  ba  roaatad  ao  fkr  that  when  melledit  will  yield  nt  once  metallic  copper  and  only 
a  anall  pnportjon  of  copper  regnloi.  Hare  frequently  however,  when  poor  orea  are 
•orkad,  tha  cojnar  thns  obtained  wonld  be  veiy  impure,  and  it  is  requisite  to  noat 
the  eoane  metal  only  to  each  an  extant  that  in  smelting  it  the  whole  of  the  oopper 
is  obtained  in  the  state  of  cuprous  sulphide  as  a  regulus  differing  from  the  cosne 
Dstal  only  in  containing  a  larger  amount  of  copper  and  a  smaller  amount  of  nraanic, 
antimony,  or  othrr  impuritiea.  In  some  inataacea  these  alternate  openitjuns  of  roast- 
tng  and  smelting  are  repeated  sareEsl  times  before  the  regulni  is  obtained  in  anch  n 
condition  of  pnnty  and  concentration  that  it  can  be  worked  for  metallic  copper. 

The  wsl«r  collecting  in  cooper  mines  and  pumped  out  of  them  in  the  course  of  tha 
Torking  often  contains  a  consiuerable  amount  of  copper  in  the  state  of  sulphate,  to- 
other witb  famnu  aolphate,  these  salts  being  farmed  by  the  oxidation  of  copper 
pyritea,  and  in  soma  places  this  capper  is  extracted  by  bringing  the  water  into  con- 
UKt  with  metallic  iron,  which  predpitatea  the  cojiper  in  the  form  of  a  finely  divided 
•pongy  mass.    This  proceea  ia  termed  cementation. 

Tba  extraction  of  copper  &om  poor  orea  is  also  practised  in  a  similar  manner  by 
Bnt  conTBCting  the  copper  into  a  soluble  salt,  and  separating  it  from  the  earthy  and 
other  inf^edienta  of  the  ore  by  lixiviation,  aRor  which  the  copper  is  precipitated  hj 
metallic  iron.  When  the  copper  is  in  the  state  of  oxide  it  con  be  disaolyBd  hy  dilute 
icida,  prorided  the  other  conatituenta  of  the  on  are  not  also  acted  npon  by  acid  ;  but 

_i      A  . ... !.    ..  1  ■.  .1  ..j.i  _i_i. —  jj.  nmjt  |)(  rendered  soluble  either  by  oii- 

r,  or  by  roaating. 
lae  lemHB  luipnaie  lormea  ac  ma  ume  ume  uy  Diiu;uioa  oi  lerrous  sulphide  is 
readily  cooierted  by  exposure  to  the  air  into  a  basic  ferric  sulphate  which  ii  insoluble. 
It  is  also  mon  readily  deoompoaed  by  heat  than  cnpric  sulphate,  and  ia  thus  eonverled 
into  basic  ferric  salt  or  ferric  oxide. 

Tha  copper  in  one  of  this  kind  ia  often  rendered  soluble  by  coniertina'  it  intn 
CBpri«  dilonde,  either  b^  nssting  the  ore  with  sodium  chloride  or 
mastad  ora  with  a  solution  of  ferric  chloride. 

nw  roasting  at  eopptt  ores  is  sometimes  carried  ont  either  in  heaps  eonstraet«d  in 
ft*  BaoDsr  already  deacribed  at  p.  363,  or  in  stalls  of  the  kind  represented  by  flg. 
tMt  where  the  ore  ia  laid  upon  layen  of  -j=-i^^»«— ^m—  ■  ■  m  i  i.—  i 
bcoahvood  between  the  walls.   Arrange-       ''^^^ 


ing  tha  anlphur  Tolatilised  in  roasi 
«gpp«r  ore*  in  this  way.    If  uecessi   _ , 
•Ik^  the  dialla  are  covered  witb  a  roof   j 
to  pnMct  the  roasting  ore  from  rain  or 
fton    being  too   much  cooled  by   the  ■- 
•eeaa  of  atmoqtharie  air.    Stalls  are 
<Asai  Made  vary  ntich  larger  than  Uioaa  Fro.  288. 

ihan  in  flg.  2S8,  and  capable  of  containing  large  quantitiss  of  ore,  and  thes  they 
D  D 


n  all  Eidee  I>j  wnlls  in  which  flues  an  conitracted  tot  tba  iiiii  |iiwi 
i)f  rondennng  the  lalphnr  rolatiliped,  u  Rbonm  in  l})«  KcompaiiyiiiEdiBwfDgifQp. 
389,  290,  and  201),  vtiiph  rppreHent.  the  fUIU  mri  at  Agordn,  m  tha  Venetiu  iift. 
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Tha  floor  of  the  itall  is  constructed  bo  ns  to  form  ridges  (< 
■'    '       ftpointfrithchannelB  (< 

h  the  melted  mtphur  Beparatfid  fiom  the  < 
runs  away  into  Toceptiicles  (eee)  ontside,  and  the 
sulphur  vaponr  stcapeB  thcongh  Uia  channel*  {$gg) 
which  coramunicat*  with  the  Hubb  (//)  where  the 
T^pour  ia  condensed.  The  air  nqniaita  for  oiidatioD 
n  in  admitted  thcongh  tho  apertnret  (ecee)  at tlw lower 
3  part  of  tile  valla. 

'  Kilne  eimilar  to  tboae  used  for  hnmiiiglimeftre  also 
used  fur  roaating  copper  ores.  In  all  these  ta»m  tha 
ore  CAD  betoaet^inlunpaiandas  tbe«iiIphidM,when 
lue  to  bum  and  btoItb  heat,  veiy  little  faal  ia  nqnired. 
e  powder,  it  is  roasted  in  a  reTerberator7  ftiRMica. 
Ores  containing;  anenic  and  antitnonj  in  coDBiderable  ninDnnt  regain  to  be 
thoraughlf  roasted,  and  it  ia  often  nccenmry  to  repent  the  operation  gereral  times  if 
tlieae  subslancea  ate  lo  be  got  rid  of  in  this  staffo  of  the  treatment.  After  the  ore  haa 
been  once  roasted  it  is  in  the  enbeeqnent  ronxting  mixed  with  some  fast  to  rednce  the 
nrapnitea  and  antimonatai  formi^d  by  oiidHtioQ.  But  in  nnv  case  the  ore  must  not  bs 
deprived  of  the  wliold  of  its  sulphur,  or  if  there  is  a  deflcienc;  of  sulphur  in  the 
toasted  material  nonic  pyriirH  must  be  mixed  with  it  when  the  sabseqnant  opemtion  of 

In  roasting  ores  Eonlaining  blende  an  admixture  oF  eoal  is  requisite  for  the  ptuv 
poce  of  decomposing  the  riao  sulphates  formed  hj  sxidatioD.  In  imeltiiu-  s  routed 
ore  containing  line  sulphate  this  salt  would  be  reduced  to  sulphide,  which  is  liable  to 
be  taken  op  bj  the  slag.  Whea  this  is  the  case,  the  slae  is  rendered  lass  fluid,  and  M 
it  does  not  readily  separate  from  theregnlus,  conBiderable  Iorb  of  copper  is  the  iwulL 

Ores  containing  onlj  a  Teiy  small  proportion  of  copper  in  the  state  of  sulphide 
together  with  iiiu<^  ferrans  sulphide,  undergo  a  rema^able  alteration  in  lOMtilig,  tb* 
r^ilt  of  which  ia  that  the  copper  accumulates  at  Bome  point  ia  the  intfrior  at  the 
lampH  iif  ore,  and  while  the  ontar  portion  of  the  lumps  consists  almost  entinJj  of  forrie 
oiitio  containing  only  a  trace  of  copper,  the  core  or  nucleus  consists  i>hiefly  of  copper 
ciimbined  with  Bnlphnr.  Advantage  is  Bomeliraoa  taken  of  this  fact  to  concentrate 
the  copper  in  poor  ores  by  roasting  ihem  until  the  greater  part  of  the  femme  «ulpl 


bos  been  oxidised  and  the  cuprous  sulphide  has  collected  i 
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Theonier  part  of  the  lamps  is  then  broken  off  and  the  cores  are  separated.  This  opera- 
tion is  termed  core  roasting.  It  is  probable  that  this  concentration  of  tlie  copper 
is  dne  to  the  circumstance  that  cuprous  sulphide  is  oxidised  less  readily  than  ferrous 
sulphide^  so  that  while  a  crust  of  ^rric  oxide  is  formed  at  the  outside  of  the  lump  of 
ore»  the  enproos  sulphide,  merely  melted  by  the  heat,  combines  with  the  unoxidised 
solphidas  at  the  interior  of  the  lump,  and  thus  gradually  accumulates  there. 

Large  quantities  of  iron  pyrites  containing  about  two  per  cent,  of  copper  are  now 
roasted  chiefly  for  the  sake  of  obtaining  the  sulphur  in  the  form  of  sulphurous  oxide 
for  the  nmnuAictnre  of  sulphuric  acid ;  and  since  the  residue  thus  obtained,  known  as 
burnt  pyrites,  is  afterwards  treated  for  the  extraction  of  the  copper  it  contains, 
this  operation  may  be  regarded  as  an  instance  of  the  roasting  of  a  copper  ore. 

Spenee's  furnace  for  this  purpoee,  already  mentioned  under  the  head  of  Sulphuric 
Acid  (sss  p.  122),  is  represented  in  longitudinal  and  transvorse  sections  by  figs.  292  and 
294. 


Fio.  292. 


It  consists  of  a  long  bed  (ccc)  constructed  of  fire  brick,  in  such  a  manner  that  it  is 
heated  by  the  flame  and  hot  gas  passing  from  the  fireplace  (a)  through  the  flues  (b  b  6), 
the  ends  U)  of  which  communicate  with  a  chimney.  The  finely  divided  ore  is  spread 
opon  the  bed  (e)  at  the  end  furthest  from  the  fireplace,  and  when  it  has  b<HX>me  sufii- 
eiently  hot,  it  is  pushed  forwards  towards  the  fireplace  by  rakes  introduced  through  the 
doors  (e>-  «*  to  e'',  flg.  293)  at  the  side  of  the  furnace. 
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The  bed  (e)  of  the  ftimaee  is  corered  with 
abrickworic  sjch  so  as  to  form  a  chamber 
(i),  into  which  atmospheric  air  gains  access 
through  the  aperture  (/)  in  the  brickwork 
at  the  end  of  the  fumat*c,  and  becomes  heated 
fofliciently  in  its  passage  through  the  cham- 
btr(</)  to  oxidise  the  sulphides  on  the  bed  of  _ 
thsfairnace. 

Oerstenhofer*s  kiln,  already  described  at 
p.  123,  is  a  similar  contrivance  which  is  also  ^^^*  294. 

ossd  forroasting  copper  ore  when  it  is  intended  to  make  use  of  the  sulphurous  oxide 
te  ths  manufacture  of  sulphuric  acid. 

In  England  all  the  operations  inyolved  in  copper  smelting  are  conducted  in  rever- 
bsmtory  furnaces ;  but  on  the  continent  shaft  furnaces  are  very  generally  employed 
Ibr  the  melting  and  reduction  of  the  ore,  the  oxidation  of  the  regulus  being  carried 
oat  either  in  stalls,  like  thofie  used  in  roasting  the  ore,  or  in  reverberatory  fun^ces,  and 
the  term  roasting  is  applied  to  both  of  these  operations.  In  this  country,  however,  it 
isevstomary  to  restrict  the  term  roasti  ng  to  that  operation  by  which  metallic  copper 
is  obtained  from  the  regulus,  which  consists  chiefly  of  cuprouH  sulphide,  and  is  called 
wlrite  metal,  and  the  several  operations  by  which  the  ore  and  the  regulus  are 
oiidised  are  termed  calcination.    In  lK>th  cases, howt-ver,  the  chemical  change  pro- 
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laced  etyamaU  in  Uis  osidBtion  of  tbe  nlphidea  in  tha  mfttaiul  <nai«tad  190*,  \m 
itmoiphflrie  0x7^00,  uid  the  onlj  pacalisritj  of  tlia  opramlioo  ttamtA  nMituig  is  tH« 
011DI17  in,  that  part  of  tha  cuprotu  nilphide  ii  dammpoMd  bj  rcaetiiig  wlA  tlM 


eooDliy  IK,  that  part  of  tha  cuprotu  nilphide  u  detmrnpoMd  bj  rcaetiiig  w 
cupioiu  oiids  farmed  at  tbe  ouIaeU 

3iiMLTi!n>  IX  Rktibbbsatobt  Fdbmacu. — The  Mreral  opantlmii  bj  wMdi 
is  aztncted  from  ita  ores  in  (hia  wit  Kn  eoodaeted  in  the  fbUowing 
■melting  wnrka  in  Wales  and  lAncaat ' 


Aeopsm 

ID  «tUM 

CbletnafiOTi.—ThBoltiect  of  this  operation  is  tocfietRpiitiAlsepaimtianaf  ■abhn 

_.  — 7.!...  lentialljof amixtureof coDpeisal[diideairitliiManb^^M; 

Tbnialoc;  f umnco  of  the  kind  jepranentod  bj  <lg«,  Jn  hI 


ftomlbs' 


«,  ooBsistiiig  anentiallj  of 
icted  in  a  reTarbnratocj  i 
2S6,  in  Teitieal  and  horiiontal  aectiona  on  tbo  linea  x  x  and 


The  bad  or  hearth  of  the  fnrnace  is  abont  sixteen  or  twen^  fMt  ImiK,  Mid  if  fiifnid 
of  Ore  bride  aupported  on  a  solid  mam  of  brickirorb  over  tha  vault  v,  vith  vludi  th«n 
i*  a  eommonieatiDn  timmgh  the  apertnrsB  (r  r  r  r) ;  the  roof  of  the  caldning  jhamhw 
elopasdownwBrds&om  the  flreptaca  (r)  so  aa  to  make  the  flame  andgMeoaapndneU  of 
combostion  come  into  tuntactvith  thachugaof  oreaithejpMitowBrdttheHnokBftM 
(bb)  leading  to  a  chinine;,  and  at  the  aides  of  the  fdmace  an  doon  {pppp)  wfaidk 
admit  «flheora  being  atined  from  time  to  time  b;  meana  of  nhblea.   Hie  eMuge  of  ore 
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is  inuodoced  into  the  fiunace  bj  the  hoppers  (t  t),  made  of  aut  fnnt,  and  then  ^TMd 
arenlj  over  t^e  hearth;  and  dnring  the  caldnation  the  apprtores  cominunieating  with 
thevanlt  ware  eloeed  by  iron  plates.  Amiitnreof  anliracitoand  bitnminonaooal  ii 
died  as  fbel,  and  a  connderable  mas>  of  coal  ia  kept  npon  the  fireplace,  so  that  eaibome 
oiids  ia  at  fint  prodnced  by  the  combustion,  andcomiog  into  contact  vith  atmonhario 
air  admitted  through  the  opening  (d,  tg.  296)  nsor  the  Are  bridce,  this  ns  tniras  vith 
a  large  flame  eiteading  thnnighont  the  oniire  leogth  of  the  cal^nalion  ^mbar.  Tb* 
ore  npon  the  hearth  ia  thne  kept  in  contact  with  a  highly  heated  atmocphwa  of  oii- 
diaing  gas,  and  s  conairierable  part  of  the  aolphur  in  the  ore  is  that  conTCited  into 
anlphurona  oiida,  which  paeaea  airay  to  the  chimney,  while  the  greater  part  of  the 
JroB  and  soma  of  tbe  copper  in  tha  ore  nre  at  the  samr  time  oxidised. 
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Hie  oaldnation  is  generally  continned  from  12  to  24  hours,  the  ore  being  {requently 
stirred  meanwhile  so  as  to  expose  fresh  surfaces  to  the  action  of  tiie  oxidisins  gas,  and 
the  he^  is  regnlated  so  as  to  prevent  the  ore  from  caking  together  during  uie  earlier 
stage  of  the  operation.  When  the  calcination  is  completed,  the  iron  plates  covering 
the  aperfcorei  (rr)  are  removed,  and  the  calcined  ore  is  n^ed  down  into  the  vault  (u) 
and  allowed  to  ocioL  A  fresh  charge  of  ore  is  then  introduced  as  before  by  opening 
the  sliding  dampers  at  the  bottom  of  the  hoppers,  and  the  operation  continued. 

The  natore'  of  the  change  which  takes  place  in  the  calcination  of  the  ore  may  be 
seen  by  the  eompariaon  of  Uie  figures  in  the  following  tabular  statement  based  on  the 
analyies  made  I7  Le  Flay : 


Saw  Ore. 

Cahmed  Ore. 

Caproiu  oxide,  Cnfi 

0-4 

.        •        •        • 

.      6-4 

Coppor  pyntes .        .        .        . 

.    22-7 

•        .        •        . 

.     11-2 

Izonpyntea      .        .        .        . 

22-4 

Ferrous  sulphide  . 

.     11-2 

Various  snlphides 

10 

•        •        •        • 

.      0-6 

0-6 

.        •        •        • 

.    11-7 

Various  oxides  •        .        .        . 

0-3 

•        •        •        • 

.      0*6 

Silica       .... 

.    84-8 

•        •        •       .  • 

.    84-3 

Earthy  ashes    .        .        .        . 

20 

•        •        •        • 

.      20 

Water  and  carbonic  dioxide 

0-6 

•        •        •        • 

.  •    M 

84-2 

781 

Atmospheric  oxygen  consumed 

.     16-8 

Water  and  CO^     . 

.      0-6 

Sulphurous  oxide  . 

.    21-4 

1000 


1000 


Thb  loss  of  weight  of  the  ofB  by  calcination  amounts  in  this  operation  to  about  7*6 
per  cent.,  and  about  61  per  cent,  of  the  total  sulphur  in  the  ore  is  removed.  The  actual 
ijuantity  of  sulphur  thus  volatilised  chiefly  in  the  state  of  sulphurous  oxide  amounts 
to  about  13  per  cent,  of  the  weight  of  ore  operated  upon,  and  in  the  South  Wales 
district  sevend  thousand  tons  of  sulphur  are  thus  discharged  into  the  atmosphere  in 
the  ooune  of  the  year.  With  the  object  of  turning  this  large  quantity  of  sulphur  to 
account  for  making  sulphuric  acid,  the  kilns  already  described  (pp.  408  and  123) 
have  been  introduced  in  some  works  for  the  calcination  of  copper  ores. 

It  will  be  seen  from  the  foregoing  table  that  in  the  roasted  ore  there  is  still  a  con- 
siderable proportion  of  the  sulphides  left  unoxidised,  since  the  object  of  the  subsequent 
operation  of  smelting  is  to  obtain  the  copper  not  in  the  metallic  state  but  in  combina- 
tion with  sulphur  as  a  regulus,  containing  a  smaller  proportion  of  ferrous  siUphide 
than  that  originally  present  in  the  ore.  The  sulphur  of  the  fSsrrons  sulphide  in  the 
roasted  ore  is  also  useftil  in  the  smelting  as  an  agent  for  the  reduction  of  the  ferric 
oxide  and  oonvertinj;  it  into  ferrous  oxide  by  the  reaction  which  takes  place  at  a  high 
temperature  according  to  the  following  equation : 

8Fe,0,  +  FeS  -  TFeO  +  SO, 
480  88  504  64 

In  this  way  a  farther  separation  of  sulphur  is  effected  by  the  formation  of  sul- 
phurous oxide,  and  since  the  ferrous  oxide  thus-  produced  is  capable  of  combining 
with  silica  to  form  a  fusible  slag,  a  considerable  portion  of  the  iron  may  also  be  sepa- 
rated by  adding  suitable  silicious  fluxes  to  the  roasted  ore  when  it  is  being  melted. 

If  the  roasting  of  the  ore  be  carried  too  &r,  part  of  the  copper  may  be  reduced  to 
the  metallic  state  in  the  smelting  by  a  similar  reaction  between  cuprous  sulphide  and 
ferric  oxide ;  but  in  the  presence  of  a  sufficient  proportion  uf  ferrous  sulphide  this 
does  not  take  place.  Under  this  condition  also  the  presence  of  some  portion  of  the 
oopper  in  the  roasted  ore  in  the  oxidised  state,  as  cuprous  oxide  or  cupnc  oxide,  is  not 
attended  with  loss  of  copper  in  the  smelting  by  the  formation  of  silicate,  because  the 
ferrous  sulphide  in  the  regulus  reacts  upon  the  slag  and  converts  any  copper  it  con- 
tains into  cuprous  sulphide. 

If,  on  the  other  hand,  the  ore  is  insufficiently  roasted,  the  regulus  obtained  by 
smeltiDg  will  contain  too  large  a  proportion  of  ferrous  sulphide ;  consequently  the  ex- 
tent to  which  any  particulsr  ore  is  roasted  must  be  regulated  according  to  the  amount 
of  copper  it  contains.  In  order  to  economise  fhel  in  the  roasting,  the  ore  should  not 
OQDtain  less  than  0  per  cent,  of  copper,  and  to  prevent  loss  of  copper  in  the  slag  it 
should  not  contain  more,  than  14  per  cent.  Ores  of  different  character  in  this  respect 
aie  therefore  mixed  so  that  the  average  amount  of  copper  is  about  13  per  cent. 
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>ied  of  this  fnniAee  la  formed  of  Snd  irilh  n  hollow  at  B  in  whirh  the  melted  atUU 
rii  ly  Mtlecl.  The  ctinrgu  iKinsiaU  of  ■  iniitiirf  of  nwUn!  ore  vith  tiaK  titUatl  'B 
iiiiotber  openliun  {tei-  p.  4US),  and  Foma  fluor  apar  u  &  Bux.  It  is  intnxInMd  utolh 
fiinuun  thnufih  the  hopper  (t)  anil,  in  melting,  the  ferric  oxide  reiicU  npoB  the  idpMw 
Ni  tut  to  produce  mlphiiRins  oxide,  vbich  escapes  to  the  chimnej  (c),  Bud  aoM 
oxide,  irhTch  combiaes  vilii  the  ailica,  forming  a  fiuible  sing.  At  tna  aame  Lma  Am 
iioblainedart^lni  containing  the  greater  part  of  the  copper  in  the  rtata  of  nlllik 
tuggtber  with  aonie  ferrous  lulpbide.    This  ngnlus  collects  as  it  melli  in  ibtmHf 
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t  is  drawn  off  b;  a  nibble  thnrngk  A 
duor  {^)  intu  the  pile  (ud)  formed  in  alied  of  innd  outside  the  fomace,  while  lliea0 
metal  iH  run  out  through  the  trough  (//)  into  a  ruBerroii  (s)  coDtaining  wmta»Ml) 
roiluce  it  to  H  granulated  candilion.    Tlie  melting  opemtion  lasts  alnnit  4  or  6hi — 

Tile  radius  obtained  hj  thia  operation  is  oilted  coarse  metal;  it  is  of  a  I 
colour,  brittle,  and  easilj  powdered,  and  t)ie  fmctare  is  grannbiT  or  TeeicBlL  . 
generally  contnins  about  33  per  cent,  of  copper,  io  the  state  of  CTiprona  nilphid^  1^ 
neChvT  with  ferrous  lolpbide,  and  it  hai  a  composition  appcoiimatii^  to  tlw  fer^ 
Cu^,2FeS,  ae  shown  hy  the  ibUowiog  anutjNs : 


COPPER  SMKLTING. 


407 


Copper 

LePlay 

Napier 

Cu,S^FeS 

337 

211 

39-5 

380 

Iron     .... 

336 

33-2 

36-4 

33-4 

Nickel,  cobalt,  maugauese 

10 

— 

Tin       ...        . 

0-7 

— 

— 

— 

Arsenic 

0-3 

— 

— 

Sulphur 

29-2 

45*5 

250 

28-6 

Slug     .... 

M 

— 

99-6 

99-8 

100-9 

1000 

The  bhig  produced  in  this  operation  is  a  hard  Te^icular  bhiok  glass,  with  fragments 
of  qoarUe  imbedded  in  the  mass ;  it  consists  chiefly  of  ferrous  silicate,  the  composition 
of  which,  as  shown  below,  approximates  to  the  formula  FeOSiO^,  and  tho  efiect  of  the 
melting  is  therefore  to  separate  part  of  the  iron  as  well  as  a  further  portion  of  the 
solj^ur 


Lc  Play 


Silica 

Ferrous  oxide 

Alumina         .... 

Lime 

Magnesia        .... 
Various  oxides  (Sn,  Mn,  Ni,  Co) 
Fluorine  .... 

Calcium  .... 

Copper  .... 

Ircm    .  .... 

Sulphur  .... 

Quarts  fragments    . 


10  ( 

M 

0-5 

0.9 

0-6 


300 
•28-5 
2-9 
20 
0-6 
1-4 

21 


2-0 


305 


100 


FeOSiO, 


23-75 
.28o0 


45-46 
54-54 


4225 


100- 


The  amount  of  copper  in  the  slag  is  very  small,  and  it  is  chiefly  in  the  stiite  of 
minutely  disseminated  particles  of  the  regulus.  Any  copper  that  may  be  dissolved  in 
the  slag  as  silicate  is  converted  into  sulphide  by  contact  with  the  ferrous  sulphide 
present  in  the  slag;  and  to  ensure  this  result  iron  pyrites  is  sometimes  added  in  smelt- 
ing oxidised  copper  ores. 

CaleimeUion  of  Coarae  Metal, — This  operation  is  conducted  in  a  furnace  very  similar 
to  that  in  which  the  crude  ore  is  calcined ;  free  access  of  air  is  admitted,  and  the 
charge  is  frequently  stirred  during  the  calcination,  which  lasts  from  24  to  36  hours  ; 
towards  the  end  of  the  operation,  the  temperature  is  raised  to  a  higher  degree  than  in 
ore  toasting,  but  not  sufficiently  to  melt  the  material.  Under  tlie  influence  of  atmo- 
spheric air,  the  sulphides  are  oxidised  ;  part  of  the  sulphur  being  removed  in  the  form 
of  sulphurous  oxide  and  sulphuric  oxide,  so  that  the  amount  of  sulphur  in  the  coarse 
metal  is  thus  reduced  from  about  29  to  16  per  cent.,  while  oxygen  is  substituted 
for  it,  and  both  the  copper  and  iron  are  partly  in  the  state  of  oxides. 

The  calcined  product  amounts  to  about  97*5  per  cent,  of  the  coarse  metal  operated 
upon,  and  the  oxidised  material  is  altered  in  appearance  to  a  brownish-black  pulveru- 
lent mass,  but  it  is  mixed  with  many  hard  unaltered  granules  of  coarse  metal. 

MtUin^  of  Calcined  Coarse  Metal  with  Oxygenated  Materials,— The  object  of  this 
operation  is  to  separate  the  iron  oxidised  in  the  calcination  of  the  coars«e  metal  as 
well  as  that  still  remaining  as  sulphide  in  the  roasted  material ;  it  is  effected  partly 
in  the  way  already  described  (p.  401),  and  partly  by  means  of  the  reaction  that  takes 
place  between  ferrous  sulphide  and  cuprous  oxide,  ferrous  oxide  being  formed,  which 
IS  converted  into  sla^,  and  cuprous  sulphide,  which  separates  in  the  regulus,  as  repre- 
lentad  by  the  following  equation  : 

FeS   +   Cu,0     =     Cu.S    +    FeO. 

Ths  materials  added  to  the  calcined  coarse  metal  for  this  purpose  in  melting  it 
US  almost  entirely  free  from  ferrous  sulphide,  and  they  should  coutiin,  in  addition 
to  cnpric  or  cuprous  oxides  an  1  silicious  substances,  only  cuprous  sulphide.    Vecy 
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little  snlpharoiifl  oxide  is  giren  off*,  and  bv  mixing  these  materMli  togetliar  IB  nUli 
prr>portioDJi,  the  product  thus  obtained  maj  consist  almost  entireljof  eiipraafnl|iWt 
Practically,  this  is  seldom  the  case,  and  it  has  been  foiuid  preferable  to  IflaTsacctn 
amount  of  ferrous  sulphide  in  the  regains  as  well  as  a  oonsiderable  amovat  of  aifpr 
in  the  oxidised  condition  in  the  slag,  since  stag  of  this  kind  is  oaeAil  in  oUm  opnp 
tions  which  hare  for  their  object  the  preparation  of  pore  copper. 

The  regains  obtained  in  this  operation  is  called  fine  metal  or  white  nttal; 
when  quite  free  from  iron  it  has  a  greyish-white  colour,  and  crystalline  radiated  fttetat; 
its  specific  gravity  is  5*7,  and  it  is  quite  free  from  metallic  copper.  But  gBMOl^ik 
contains  from  4  to  8  per  cent,  of  iron,  the  colour  being  darker  and  Uuish,  tftSk 
gravity  5*3,  and  particles  of  metallic  copper  can  be  detected  in  earitiss  of  tlie  wm. 
in  this  state  it  is  called  blue  metal.  The  composition  of  the  two  kinds  of  sfihi 
is  represented  by  the  fbllowing  figures: 


Copper  .... 
Sulphur .... 
Iron  .... 
Nickel,  cobalt,  manganese 
Tin  and  arsenic 
Slag  and  sand 


White  SleCal 

.      77-4 

21-0 

07 

traces 

0-1 

0-3 

09*5 


Bfaridi-wliite  MMd 

64*8  . 

22-6  . 

9-0  . 

0-6  . 

0-7  . 

1-8  . 

99*4 


M7 

210 

16J 

1-6 

1-f 

Ori 

90*1 


Cuprous  sulphide  contains  nearly  80  per  cent,  of  copper. 

The  presence  of  metallic  copper  in  the  blue  metal  is  characteristie  of  it|  asd  thi 
reduction  appears  to  take  place  by  the  reaction  of  cuprous  sulphide  with  eaj/twuaoU. 
When  the  materials  used  in  this  operation  contain  an  excess  of  copper  in  aa  oodiMi 
state,  some  copper  is  reduced  in  this  way,  and  the  regulus  presents  warty 
at  the  surface,  on  which  account  it  is  called  pimple  metal. 

The  slag  produced  in  this  operation  is  called  metal  slag;  it  is  compact, 
geneous,  of  a  dark  brownish -green  colour,  and  has  a  crystalline  fracture:  tbii 
position  varies  according  as  the  regulus  is  free  firom  iron  or  not. 

SUgfhmi  Staffria 

BhiiahwUte  Metal    Blue  Metal 


Sligtrom 
White  Metal 

Silica 

.     330 

Ferrous  oxide 

.     650 

Cuprous  oxide    . 
Other  oxides 

.       27 
.       2-0 

Alumina     .        .        .        . 

1-6 

Lime 

1-4 

Magnesia    . 

Copper 

Iron 

.       0-3 
.       2-9 
.       0-3 

Sulphur      .        .        .        . 

.       0-8 

100- 


33-8 
560 
0-9 
2-1 
1*6 
1*4 
0-3 
2-9 
0-3 
0-8 

100- 


36-0 

54-4 

07 

U 

0-8 

04 


100- 


On  account  of  tlio  basic  character  of  this  slag,  it  is  used  as  a  flux  io 
silicious  ores. 

Hoasting  of  White  Metal. — The  object  of  this  operation  is  to  separate  solpbur  ta 
tlic  regulus,  consisting  chiefly  of  cuprous  sulphide,  and  to  obtain  the  copper  ii  ^ 
metallic  state.  This  is  effected  by  exposing  the  white  metal  at  a  temperatorsMtf  iti 
melting  point  to  the  oxidising  influence  of  heated  atmospheric  air.  Put  of  tki 
cuprous  sulphide  is  thus  oxidised,  3rielding  sulphurous  oxide,  which  escaptii  ^ 
cuprous  oxide,  which  reacts  upon  the  remaining  cuprous  sulphide,  producing  nttrib 
copper  and  sulphurous  oxide.  At  tlie  same  time  other  metals  present  in  small  pnfO^ 
tions  in  the  white  metal  are  oxidised,  and  either  volatilised  or  converted  into  aliglf 
comhinution  with  silicious  substances. 

This  operation  is  conducted  in  a  reverberatory  furnace  similar  to  that  alxvdtf  dl* 
scribed,  but  fumishod  with  a  door  at  the  side  through  which  the  pigs  of  iriiits  wA 
arc  put  into  the  working  chamber,  and  with  openings  near  the  fire  bridge  for adnittiiV 
air  as  it  may  be  required  for  the  oxidation  of  the  cuprous  sulphide.  While  the  IvUii 
metal  is  being  heated  sulphurous  oxide  is  given  off,  as  a  result  of  the  direct  ondi' 
tioi)  of  cuprous  sulphide,  and  when  the  charge  begins  to  melt  and  ran  down  vpMte 
hearth,  the  cuprous  oxide  formed  by  the  oxidation  reacts  with  the  cnprom  sal|UA|ij, 
aixl  the  melte<{  moss  appears  to  boil  in  consequence  of  the  erolutJon  of  stldMNtf; 
oxide.    After  several  hours,  when  the  whole  charge  has  been  melted  down,  ttMiV  i 
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collactiiig  meanwhile  on  the  surface  is  skimmed  off,  and  the  furnace  is  allowed  to  cool 
<iown  until  the  melted  mass  becomes  pasty  at  the  surface,  aud  is  thrown  up  in  the 
ibrm  of  craters  bj  the  sulphurous  oxide  produced  within  it.  During  this  stage  a  con- 
nderable  quantity  of  cuprous  oxide  is  formal  by  the  oxidation  of  the  partially  solidi- 
fied mass  thrown  up  by  the  escaping  gas  and  exposed  to  the  air. 

After  some  time  the  heat  is  again  raised  sufficiently  to  melt  the  entire  charge,  and 
make  the  cuprous  oxide  react  upon  any  remaining  sulphide.  Sometimes  materials 
containing  copper  in  an  oxidised  state  are  added  with  the  same  object.  The  slag  is 
then  again  akimmed  off  and  the  metallic  copper  is  run  out  into  moulds. 

The  blister  copper  obtained  b^  this  treatment  of  the  white  metal  is  not  per- 
fectly compact,  but  h^  numerous  cavities  throughout  its  mass,  formed  by  the  evolu- 
tion of  gas,  the  surfiices  of  the  pigs  presenting  corresponding  blister-shaped 
protuberances ;  and  the  fractured  surraces  of  a  pig  broken  crossways  present  numer- 
ous tubular  cavities  extending  from  the  bottom  to  the  top.  of  the  pig.  In  this  state 
it  has  the  following  composition : 


Goppor 

Iron 

Nickel,  cobalt,  manganese  . 
Tin  and  anenie  .... 
Sulphur 

> 

LeFIay 

' 

Napier 

98*4 

0-7 
0*8 
0-4 
0-2 

97*5 

0-7 
10 
0*2 
0*6 

98*0 
0*5 
0*7 
0*8 
0-6 

98-5 
0-8 

01 
0*6 

100- 

1 

100- 

100- 

100* 

^nie  slag  obtained  at  the  same  time,  and  termed  roaster  slag,  is  a  dark  reddish- 
brown  porous  mass,  consisting  chie6y  of  ferrous  silicate  together  with  cuprous  oxide, 
partly  in  the  state  of  silicate,  and  metallic  copper,  as  shown  by  the  following  analysis : 


SiUca 

LePlay 

FeO,  SSiO, 
7S     ISO 

47*6 

46-6 

Alumina 

30 

— . 

Cuprous  oxide   ....... 

16-9 

— 

Ferrous  oxide 

280 

28- 

Nickel,  cobalt,  and  manganous  oxides 

0-9 

— 

Stannous  oxide 

0*3 

— 

Lime  and  magnesia 

traces 

— 

Metallic  copper 

20 

— 

98-6 

— 

On  account  of  the  large  amount  of  copper  in  this  slac:,  it  is  used  as  an  adjunct  in 
the  melting  of  the  calcined  coarse  metal  as  already  described,  and  the  copper  is  extracted 
by  the  reaction  between  the  cuprous  oxide  of  the  sing  and  the  ferrous  sulphide  re- 
maining unoxidised  in  the  calcined  coarse  metal. 

Blister  copper  is  never  in  such  a  condition  as  to  he  fit  for  use  until  it  has  under- 
gone fiirther  treatment  for  the  purpose  of  separating  impurities  and  converting  the 
metal  into  a  marketable  condition.  This  is  effected  partly  by  the  operation  of 
refining  (see  p.  418)  in  which  the  foreign  metals  are  oxidised,  and  partly  by  the 
operation  of  toughening,  in  which  the  cuprous  oxide  mixed  with  the  metallic  copper 
is  reduced,  and  the  metal  is  made  to  assume  the  requisite  texture. 

It  has  already  been  mentioned  that  in  smelting  copper  ores  containing  arsenic,  an- 
timony, tin,  lead,  etc.,  in  any  considerable  proportion,  it  is  usual  to  repeat  the  alter- 
nate calcination  and  melting  of  the  material  several  times  in  order  to  separate  these 
sabstances  either  by  volatilisation  or  in  the  state  of  slag,  before  the  copper  is  reduced 
to  the  metallic  state.  In  some  cases,  however,  a  different  plan  is  adopted,  and  advan- 
tage is  taken  of  the  fact  that  when  the  copper  regulus  is  calcined  so  far  that  in  the 
subsequent  melting  only  a  portion  of  the  copper  is  reduced  to  the  metallic  state,  almost 
the  whole  of  the  impurities  present  in  the  regulus  will  be  concentrated  in  this  reduced 
copper,  while  the  remaining  regulus  will  by  further  treatment  yield  copper  of  better 
qpatity.  This  operation  is  termed  selecting,  and  it  is  adopted  in  producing  that 
kind  of  copper  known  as  best  selected  copper.  The  melted  material,  consisting  of 
a  mixtuza  of  metallic  copper  alloyed  with  the  foreign  metals  and  purified  regulus, 
it  nm  into  a  series  of  moulds  where  the  copper  sinks  to  the  bottom,  while  the  r%ulus 
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forms  a  distinct  layer  above  it.  The  regulus  so  purified  iB  t«rmed  close  regains 
and  the  metallic  copper  is  termed  bottoms.  The  composition  of  these  pRxlocU  is 
shown  bj  the  following  analyses  by  W.  T.  Gent  and  J.  A.  Phillips. 


Copper 

Salphnr 

Lead  . 

Tin    . 

Antimony  . 

Arsenic 

Iron   . 

Nickel 

Manganese 

Alnmina 

Silica. 


Clooe  regnlns 


7665 

19-60 

206 

tnice 

trace 

0-36 

1-44 

0-66 

trace 

trace 

0-29 


99*84 


76-62 

1960 

2-01 

006 

trace 

0-28 

1-30 

0-48 

trace 

trace 

0-26 


Bottoms 


89-63 
107 
4-76 
1*64 

trace 
1*62 
0-30 
076 

txace 


99-69 


99-67 


89*80 
0-96 
4-60 
1-78 

traos 
1-67 
0-81 
0-94 

trace 


90-91 


SxBLTiNO  nr  Shaft  Furnacbs. — In  order  to  effect  in  this  wiiy  the  separatioa  of 
copper  in  the  state  of  cuprous  sulphide  from  the  silicions  ingredients  of  the  ore  and 
the  ferric  oxide  formed  by  roasting,  it  is  important  to  regulate  not  only  the  propor- 
tion of  sulphur  to  copper  in  the  material  operated  upon,  but  also  the  proportions  of 
silica  and  ferric  oxide,  so  that  a  slag  may  be  ibrmed  sufficiently  fufdbfe  to  admit  of 
the  easy  separation  of  the  regulus. 

A  deficiency  of  silica  has  the  disadvantage  of  giving  opportunity  for  the  reduction 
of  some  iron  to  the  metallic  state,  and  the  formation  of  deposits,  consisting  chiefly  of 
iron,  in  the  hearth  of  the  furnace.  At  the  same  time  tne  regulus  produced  under 
these  conditions  contains  too  small  a  proportion  of  copper  and  too  much  iron. 

An  excess  of  silica  is  equally  disadvantageous,  since  it  is  attended  with  the  fbrma- 
tion  of  sla^  containing  copper  as  well  as  iron  in  the  state  of  silicate,  and  owing  to 
the  more  difficult  fusibility  uf  the  silicates  containing  a  laige  amount  of  silica,  the 
smelting  operation  proceeds  but  h1ow1^\  It'is  therefore  necessary  either  to  mix  ores 
of  different  composition,  or  to  add  suitable  fluxes  in  order  that  the  slag  prodneed  in 
smelting  may  be  sufficiently  liquid.  In  most  instances  the  slags  produced  in  smelting 
copper  ores  consist  chiefly  of  ferrous  silicate  approximating  to  the  formula  FeO,  SiO, ; 
but  when  the  ore  contains  much  lime  or  alumina,  the  slag  must  contain  a  laige  pro- 
portion of  silica,  and  then  is  probably  a  mixture  of  silicates  having  that  composition 
with  others  corresponding  to  Fe02Si02.  In  some  cases  the  addition  of  fluor  spar  is 
very  useful  in  smelting  ores  containing  earthy  ingredients. 

The  reduction  of  the  ferrous  oxide  in  smelting  roasted  copper  ore  in  a  shaft  furnace 
is  effected  almost  entirely  by  the  carbonic  oxide  derived  from  the  fuel.  The  height  of 
the  shaft  has  considerable  influence  in  this  respect,  and  very  ferruginous  ores  are  apt 
to  have  some  of  the  iron  reduced  to  the  metallic  state  in  furnaces  of  considerable 
height,  especially  when  the  shaft  is  constructed  without  boshes,  and  the  heat  generated 
by  combustion  produces  a  much  higher  temperature  in  the  upper  part  of  the  shaft 
than  it  does  when  the  width  of  the  shaft  is  much  greater  at  the  part  just  above  the 
tuyere  level  than  it  is  either  above  or  below  that  point.  In  furnaces  constmcted 
with  boshes  of  sufficient  width,  the  heat  is  more  concentrated  in  the  neighbourhood  of 
the  tuyeres,  and  there  is  less  tendency  to  the  production  of  deposits  consisting  of  iron 
reduced  to  the  metallic  state  which  solidifies  in  the  hearth. 

The  shaft  furnaces  employed  in  smelting  copper  ores  are  generally  constmcted 
with  an  open  breast,  and  tne  hearth  in  which  the  melted  products  accumulate  prqjects 
beyond  the  breast.  This  form  of  furnace  afifbrds  greater  opportunity  of  removins 
deposits  firom  the  hearth  than  that  in  which  the  bottom  of  the  f^imace  is  closed,  with 
the  exception  of  two  small  holes  through  which  the  molted  products  run  ofiT  continu- 
ously into  basin-shaped  cavities  outside  the  furnace.  In  certain  cases,  however,  the 
closed  furnaces  have  advantages,  since  they  work  easier  and  more  rapidly  than  furnaces 
with  open  breast. 

In  addition  to  the  normal  products  of  slag  and  regulus.  it  sometimes  happens  that 
in  smelting  copper  ores  in  shaft  furnaces  other  by-products  are  obtained,  such  as  the 
ferruginous  deposits  already  mentioned,  and  in  the  case  of  ores  containing  much 
antimony,  arsenic,  nickel  and  cobalt,  the  product  termed  speise,  which  is  an  alloy  of 
arsenic  or  antimony,  with  varying  proportions  of  iron,  nickel,  cobalt,  copper,  and 
lead :  it  is  less  dense  than  the  copper  regulus,  but  denser  than  the  slag,  and  coose* 
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qaently  forms  an  intennediate  layer  between  them.  This  product  has  always  a  highly 
ciystailine  texture,  is  reiy  brittle  and  easily  fusible.  The  composition  of  several 
aamples  of  the  speise  obtained  in  smelting  copper  ores  is  given  in  tne  following  table : 


Ooppwr 

Hongary 

Oeblam 

Hauch 

6chensl 

12-99 

16-52 

41-18 

48-10 

Iron 

12-63 

76-74 

36-41 

1*20 

NicM 

1-40 

0-09 

0-32 

Oobalt 

0-09 

— 

004 

^-. 

Antimony 

60-00 

7-36 

10-79 

21-56 

Arsenic 

7-42 

2-63 

610 

0-76 

Sulphur 

204 

trace 

2.60 

1-88 

Lead 

009 

— 

0-69 

20-69 

Bismitth 

1-26 

1 

— 

204 

SUver 

0-36 

0-03 

003 

trace 

Gold 

0-06 

— 

— 

— 

Speiee  is  sometimes  worked  for  the  production  of  black  copper  by  subjecting  to 
Qxid^ion  in  a  melted  state  and  volatilising  the  antimony  in  the  state  of  oxide,  but  is 
more  frequently  concentrated  for  the  production  of  nickel  and  cobalt,  and  when  it 
contains  a  sufficient  amount  of  silver,  this  metal  is  extracted. 

The  reduction  of  iron  to  the  metallic  state  is  frequently  a  source  of  considerable 
inconvenience  in  the  smelting  of  copper  ores  in  shaft  furnaces,  especially  when  the 
temperature  is  hiffh  in  the  upper  part  of  the  shaft  and  the  charge  contains  too  large 
a  proportion  of  silica.  The  reduced  iron  combines  with  phosphorus,  molybdenum,  sili 
con,  etc,  and  is  then  deposited  in  the  hearth  of  the  fbrnace,  forming  a  granular  mass 
which  gradually  blocks  it  up,  and  has  to  be  removed  from  time  to  time. 

The  composition  of  some  of  the  ferruginous  products  called  bears  is  given  in  the 
fbllowing  table : 


Mansfeld 

Fihlun 

Freiberig 

Perm 

Stroincycr 

SefBtrSm 

riattncr 

C  uhiiio 

Iron 

76-77 

64-82 

88-61 

76-30 

Copper 

3-40 

32-88 

— 

19-90 

Nickel 

115 

— 

— 

— 

Cobalt 

3-25 

Manganese 

002 

— 

— 

Zinc    . 

— 

0-02 

— 

Bismuth 

— 

— 

0-86 

— 

Vanadium  . 

— 

— 

012 

Molybdenum 

9-97 

— 

— 

Arsenic 

1-40 

— 

— 

Sulphur 

206 

1-20 

1-24 

trace 

Phosphorus 

1-25 

— 

Silicon 

0-35 

._ 

903 

0-83 

Oarbon 

0-38 

— 

1 

073 

Alumina 

0-72 

— 

— 

Silica 

— 

1-68 

0-43 

Slag   . 

— 

— 

— 

3-33 

These  products  are  sometimes  smelted  with  sulphur  or  iron  pyrites,  so  as  to  con- 
vert them  into  regulus,  from  which  the  copper  and  other  metals  can  be  extracted  by 
the  methods  adopted  with  copper  regulus.  They  are  also  used  in  smelting  lead  ores 
for  the  decomposition  of  leatf  sulphide. 

In  smelting  copper  ores  in  shaft  fnmace8,  other  deposits  are  also  formed,  consisting 
of  zinc  oxide  or  sine  sulphide,  as  well  as  lead  sulphide  and  cuprous  sulphide. 

The  regulus  obtained  by  smelting  copper  ores  in  shaft  fiirnaces  is  roasted  either 
in  heaps  or  stalls,  in  the  same  manner  as  the  ore,  or,  when  silver  is  to  be  extracted, 
the  roasting  of  the  regulus  is  conducted  in  reveberatory  furnaces.  Regulus  contain- 
ing little  antimony  or  arsenic  and  a  sufficient  amount  of  copper  is  at  once  roasted  to 
meh  ED  extent  that  most  of  the  sulphur  is  oxidised  and  separated  as  sulphnrous 
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oitde,  and  the  nut«d  rnKtBrial,  coanstiDg  ehieflj  of  ozidai,  is  tin  mAj  tor  tit* 
redaction  of  ths  copper.  When  the  unonnt  of  copper  in  the  m^ni  U  mmII,  mkI  it 
ii  uoociiited  Tith  eoniiderftble  praportiong  of  nntimonT,  anuiic,  etc,  tha  nutilK  it 
on!;  csrried  K>  &T  that  on  snielting:  the  roasted  tnaai  the  copper  is  ngAtnobUineaia 
theatateofBregnlna  containing  a  larger  amount  of  copper.  According  to  the  amout 
of  anniic  or  aatimon;  pr«Hat,tbi8  operation  of  concectniting  the  copper  by  altvnatt 
nMBtitigand  imclting,  and  getting  rid  at  the  rams  time  of  those  impiuitiea,  ma;  haT* 
to  be  perfbnmd  seTeml  times  in  snccessioD.  In  every  case  it  is  desirable  to  IsaY*  k 
(DmII  (tnwant  at  snlphar  in  the  roasted  malarial  that  ii  to  be  smelted  for  the  rednetian 
of  copper,  in  order  to  prevent  the  formation  of  capnras  silicate  that iroold  banUfaied 
by  the  ilag. 

When  the  n^os  obtained  from  the  imelting  contains  as  mnch  u  60  p«r  cent. 
and  spwaids  of  copptr.  it  Till,  after  roasting,  be  fit  for  Bmelting,  bat  otbervias  tlM 
concentration  tivatmenta  must  be  repeated  nntil  this  proportion  of  copper  hM  bew 
reached  and  the  impurities  are  anfficientlj  separated.  The  chief  point  to  be  obasmd 
is  th^t  the  roasting  ahoald  not  be  carried  so  &r  in  any  ease  as  to  admit  of  coppec 
being  rednced  Co  the  metallic  state  in  smelting  the  roasted  mat«ri«l.  flie  mMf 
fbrmed  in  the  concentration  of  regulua  conrista  chiefly  of  ferrous  ailicato,  togathat 
^Cb  small  qnantities  of  other  silicates,  and  it  ihoold  not  contun  mon  tlian  ftiMQ  coa 
to  three  per  cent,  of  copper. 

The  shaft  furnace*  employed  in  Sweden  for  smelting  copper  ores  ara  of  Um  kind 
d  by  the  Tsrtic^  sections  (figs.  399  and  ICKI)  taken  kt  ^^t  ai^laa  to  mA 

Fn.  2M.  Fio.  300. 


The  internal  mill  (ih)  ia  canatrnct«dof  ivTime- 

Ijjlorj  material,  and  it  is  anrroanded  br  a  rough  will  (/) 
til  u  space  (ir)  between  them.    The  hearth  (us)  is 
■med  of  a  mixture  of  day  and  coal  dust,  beaten  down 
as  to  form  a  cavity  extending  beyond  the  breast  (ft) 
L  of  the  Aimace.    The  horiznutal  section  ffig.  801]at 
rtbo  lerel  of  the  tnyeres  (ee)  shows  the  shape  of  the 
L  hcArth  (a  a)  and  the  position  of  the  tapping  hole  (c)  by 
■''which  the  melted  contents  of  the  hearth  are  mn  on  at 
iokrrals.    In  some  of  the  Swediiih  ftirnacea  the  beartli 
is  miiHe  of  much  greater  capacity  than  that  ehown  in 
the  figures,  in  order  to  allow  of  the  accumulation  of  a 
large  qnnntity  of  the  melted  prodccts  and  give  time  for 
the  separation  of  the  rt^ui  from  the  slag. 

The  copper  ore  smelted  at  Fahlnn  in  Sweden  coneiets  of  co^er  pyrites  accoB- 
panied  I^  iron  prritas  and  quarts,  together  with  some  galena.  UeMe,  ataenkal  JXfoUl, 
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and  eile  spar.    The  amount  of  oopper  in  this  ore  yaries  from  0*5  to  30  per  cent.,  bat 
aTBTAM  nom  2  to  8  per  cent. 

Aner  Uie  ore  has  been  roasted  it  is  smelted  in  a  shaft  furnace  about  18  feet  high 
with  an  admixture  of  black  copper  slag,  produced  in  another  stage  of  the  opera- 
tion, and  containing  a  lar^;e  amoimt  of  ferrous  silicate.  The  proportions  of  the  charge 
are  so  adjusted  thiSthe  slag  produced  may  approximate  to  the  formula  FeOSiO,  and 
contain  snlBeient  silica  to  prevent  the  walls  of  the  furnace  from  being  corroded,  while 
at  the  same  time  it  is  liquid  enough  to  fisicilitate  the  separation  of  the  regulus.  Tha 
following  table  gives  analyses  of  this  slag : 


Siliea. 

FeROUsozide 
Lime  . 
Vagnesia   • 


Bredberg 


44-72 
4-89 

44-88 
8-60 
1-20 


98*69 


Btarbinc 


4635 

3-58 

43*58 

7-23 


99*74 


Olien 


45-53 

4*22 

45*61 

8*50 


98*86 


Tlie  regulus  obtained  in  smeltine  the  ore  contains  about  10  per  cent,  of  copper  and 
has  the  composition  shown  in  the  funlowing  table : 


Snlphmr 

Beigsten 

Winkler 

JohttMn 

26-35 

26-07 

26*70 

24*62 

Oopper 

8-32 

8-85 

9*81 

12*00 

Iron 

62-26 

60*29 

58*14 

55*85 

2nc 

1*23 

1-09 

1-44 

2*92 

Lead 

— ~ 

traces 

0*58 

3*96 

Siliea 

0*07 

1*78 

106 

0-20 

Magnesia 

0-44 

0-61 

— 

— 

98-67 

98-69 

98-62 

99-55 

The  smelting  of  copper  ore  is  conducted  in  a  similar  manner  at  Nafvequam, 
Oarpenberg,  Atridabeig,  Boraas,  and  other  places  in  Sweden  and  Norway ;  the  ore 
ameited  contains  a  laiger  amount  of  copper  than  that  smelted  at  Fahlun,  but  as  the 
proportion  of  blende  in  the  Atridaberg  ore  is  also  much  larger,  amounting  on  the 
average  to  one  third,  very  careful  roasting  is  necessary  in  order  to  convert  the  sine 
iolphida  first  formed  into  oxide.  In  the  smelting  operation  a  richer  regulus  is 
obtainad  with  from  25  to  30  per  cent,  of  copper. 

The  regulus  is  thoroughly  roasted  in  stalls  several  times  in  succession,  and  then 
smelted,  together  with  quartz  or  silicious  ore,  in  a  shaft  furnace  of  much  smaller  di- 
mensions than  that  in  which  the  ore  is  smelted.  The  products  of  this  operation  aia 
black  oopper,  together  with  one-fourth  as  much,  or  less,  of  a  regulus  which  is  called 
thin  regulus  or  copper  regulus,  and  a  slag  consisting  of  ferrous  silicate  contain- 
ing, aoccraing  to  Winkler : 

ffilica 32-79 

Ferrous  03cido 66*12 

Ibgnesia 1*68 

Copper traces 

100*49 
This  slag  is  used  as  a  flux  in  smelting  the  copper  ore. 

The  thin  regulus,  produced  together  with  black  copper,  contains,  according  to 
Johnson : — 

Sulphur 24*50 

Copper 57-78 

Iron 17*23 

Zinc 0*74 


100*25 


It  ia  loaated  several  times  and  then  smelted,  togethar  with  the  roasted  ore  regnlqa. 
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The  black  cf^pper  ooDUiiis  from  70  to  90  per  cent,  of  copper.    A  cample  dm  \h 
Atvidnh^r^  works  oiitainwi 

Copper 9439 

Iron         .        .                 fOi 

Zinc 1» 

CuUIt  and  nickel OH 

Tin Oii7 

lisad 0-19 

Silver O-ll 

Sulphur 0^ 

Ani<'ni(* tnM 

W9-78 

It  18  then  refined  in  order  to  effect  the  separation  of  the  impuritieA  and  the  «■• 
Temion  of  the  metal  into  a  marketable  condition.    (See  p.  418.) 

In  teveral  parts  of  Hungary  copper  ores  containing  from  0'75  to  18  perMtof 
copper  are  smelted  in  a  manner  rety  similar  to  that  practised  in  Sweden  aad  Homj. 
The  regulus  obtained  by  smelting  the  poor  ores  is  roasted  and  smelted  for  thepn|Oii 
of  concentrating  the  copper.  The  richer  ores  are  smelted  at  Schmfilniti  withiMt  Mi| 
roasted,  and  a  regulus  is  obtained  containing  about  20  per  oenL  of  eoppar. 

Ores  containing  lead  and  copper,  together  with  sflver  and  gold,  sndi  ss  thou  ■ 
the  Naygbanya  district  in  Hnngaiy,  are  smelted  together  with  iMd  in  order  to  fitiMt 
the  silver  and  gold,  and  as  a  final  product  of  the  operation  copper  regal w  is  oblMMdf 
which  is  then  either  roasted  and  worked  for  copper  in  the  usual  maimer,  or  wmN 
with  materials  containing  lead,  for  the  purpose  of  eflbeting  a  ftuthar  MpsntHS  d 
silver,  and  obtaining  a  regulus  containing  a  large  amount  of  copper  as  in  the  mtii&i$d 
lead  ores  (see  p.  3G7).  This  regulus  or  the  copper  rM^lus  obtained  as  a  hj-pndMkit 
smelting  cuprous  load  ores  is  roasted  and  granulated  and  then  treated  fiir  eitrsrlit| 
the  silver,  and  the  desilverised  material  is  smelted  for  black  copper. 

At  Agonlo  in  the  Venetian  Alps  ores  containing  on  the  averaga  2  perentcf 
c<>pi>or  are  worked.  The  poorer  ores  arc  submitted  to  the  operation  of  eorsrosrtiigi 
and  the  ferruginous  crust  of  the  roasted  lumps  is  lixiviated  to  extract  any  nmimH 
copper.     The  cores  arc  smelted  for  regulus  in  the  usual  manner. 

In  the  Upper  liaztz,  and  in  Silesia,  Nassau,  and  Saxony,  copper  orsi  are  gcnnllf 
smelted  in  sh^  furnaces,  closed  at  the  breast,  and  ftimished  witn  two  small  apertsni 
at  the  bottom  of  the  shaft,  through  which  the  melted  products  run  out  contunioMT 
into  receptacles  outside  the  furmioe. 

The  ores  of  the  Upper  Hartz  contain  a  large  amount  of  antimony,  and  eonseqMilff 
several  alternate  ronstings  and  Hnieltings  of  the  regulus  are  requisite.  The  SHiriH 
ores  fire^nently  cont^iin  a  considerable  proportion  of  silver,  in  which  case  thengii* 
is  submitted  to  special  treatment  for  the  eztnution  of  this  metaL 

The  cuproiiH  slate  smelted  at  Ruicholsilorf  ;ind  Friedrischshiitte  in  the  Grand  Jh^ 
of  Hesse  contains  besides  sulphuretted  and  oxygenated  compounds  of  copper,  himifi 
galena,  compounds  of  cobalt,  nickel,  and  other  minerals.  Tne  amount  of  oonpv  ii 
thfl  ore  is  from  3  to  4  per  cent,  on  the  average,  and  it  is  smelted  in  shaft  nuMM 
worked  with  hot  blast,  the  gaseous  product  being  collected  at  the  throat  oi  the  floiMi 
and  Uficd  as  fhel  for  heating  the  air. 

The  ore  smelted  at  Mansfeld  and  the  other  works  in  that  district  is  a  bStoniiov 
shale  containing  copper  pyrites  ami  other  sulphuretted  minerals,  dissisuuiih' 
throughout  the  mass.  The  amount  of  coppor  varies,  and  is  barely,  more  thu  6  p* 
cent,  anil  some  of  the  shale  does  not  contain  more  than  1*5  per  cent.,  but  iiiOB* 
cases  there  iH  a  considerable  amount  of  silver.  The  composition  of  this  shale  ii  ** 
follows,  according  to  Berthier : — 

Silica 40*0 

Alumina 107 

Ferric  oxide 6*0 

Calcium  carbonate .         .  19*6 

Magnesium  carbonat  • 6*5 

Copper  pjrrites 6*0 

Potash ...  2-0 

Water  and  bitumen 10*8 

100- 

The  shale  is  first  roasted  in  heaps  with  layers  of  brushwood  beneath  them,isi 
i:.e  bitumen  it  contains  serves  in  part  as  fuel.    Ttilphur  is  driven  off  as  iolphww 
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OOM  cf  Um  itoa  ID  the  pjrit«a  it  oiidiMd.    Tha  bnnit  ahots  IiM  b  f^jiih 
V  ud  hn*  ths  following  rompoeitian,  ncenniing  ta  Berthier : — 

, BU(i  4a-B 

^  '  2S-4  173 

7-8  18-0 

le  <nida i-8  £5 

coiMn 9-0  7-a 

ini to  2-4 

bj  ignitioD    ....  .       .      0-8  S-0 

98-4  »7-l 

tad  on  U  inistd  with  &  initaM*  proportion  of  flnoi  spar  uid  meltfid  to- 
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riui  from  prsTioTU  operatioDa  in 
«■  0?  the  kiiM  npraacntAd  bj  flga, 
d  KM.  Then  fomacw  Bre  from  IS  to 
I  and  are  furnished  with  two  tuyeres 
tha  bottom  of  the  hmrth  ore  two  holes 
I  vhirh  the  melt«d  pnidiictB  nrs  alt«r- 
r  into  the  fun  hmrtlu^cc)  from  which 

ia  token  in  cntm  hb  tc  tools  at  the 
ee«nt]j.  hut  lilait  and  much  Iniger 
re  Mvn  nied  in  Bmelting  tlua  alate, 
do*  is  ma  into  wat«r  for  the  pnrpoae 

it  in  a  gniDnlatad  Mmdition. 

quantity  of  ilag  ia  prodnced,  which 
i^ng  compoaitioD  : 


BBrthlcr 

40-8 

Homntuin 

Bbtog. 

m 

Am 

4e'22    ;   ftOOO 

W13 

JS3'83 

67-43 

12-i 

tS-3A   '   lfi-67 

10-63 

4-43 

7-83 

19':i 

19-20    i    20'29 

19-41 

3310 

23-40 

2i 

3-23         4-87 

179 

1-87 

087 

13-3 

li)-76         S73 

I0'83 

4S7 

7-47 

ridB 

0-76        0-87 

n-ia 

1-28         1-11 

1! 

- 

2-09 

1-97 

a7'0 

99-8S   ,  100K4 

OS-72 

99-7* 

90-3; 

HA. 

»* 

Snlphnr 

Zinc      ! 
Hiokel. 
Cobalt. 
M.ng.no« 

I«ad     . 
BUvgr    . 
Silica    . 

2879 

47-3T 
19-69 

- 

28-7P 
43-62 
233fi 

I    846 

2SM 
62  44 
20-49 

0-41 
0-U 

24-68 
4825 
17-85 
2-90 

!»_•» 

1-06 
O'SO 
1-W 

I7-M 
»■» 
8874 
4-U 

I'M 
O-IS 

tHt 
M 

HT 

B7-S1 

100- 

BB-01 

W-78 

BS-II 

•HI 

The  ngaliu  vhich  doM  not  oontaia  mora  Uud  20  or  SO  par  omit,  of  mbk 
Tos  formeriy  nusUd  and  nnslted  agaip  in  ditft  fimacw  to  obtaiB  ■  KfUi 
richer  in  conMr  and  th«  blMkmpperaftetwatdi  obtained  by  ■oaltiiu-tlM  WBaMtObl 
reditu  wBi  sabmittcd  to  a  ponae  of  liqoation  for  utrading  the  Ant  it  wHntL 
(Sw  p.  431.)  ThU  plan  has  been  niperaeded  and  the  MneratnliM  rf  tl"  f"* 
r^ulns  ii  Dovperfomed  in  4  nnrbentotj  fiirnaM  Mpraaanted  fagr  flp.lOf,lK 
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Theragaluii  nwitadin  muffle  furnoeM 
■ndmeltadcm  die  hetrth  (d}af  thersTeibe- 
ni/arj  foni&ee  mixed  vitJi  Mnd  or  eilidotu 
■lag,  by  meaai  of  which  the  femnu  oxide  ie 
diMDlnd  and  the  amount  of  coppei  in  the 
ngnlne  increased  to  about  70  per  ceDt.  The 
tl»g  a  then  Aiwnt  off  end  the  «in<»ntnited 


Betan  treatiDS  tbe  ngalna  farther  for' 


"-•---  '-eating  the  regulna 

n  of  blade  copper,  it  it  groond 
to  a  Sue  povdar  and  loe^ed  eo  aa  to  con- 
Tsrt  ttie  C0N«i  into  the  Mate  of  oxide  and 
leiTe  the  nlTar  in  the  atate  of  enlphate. 
Id  thi*  eondilioD  it  i«  dedWerited  b; 
Zierrogel'e  method  (eee  p.  144).  Flo.  307. 

Tht  teeidne  &om  the  denlverii^  of  the  roaated  re^ne  in  then  Bmelt«d  iu  a  ehsA 
fiimace  to  obtain  black  copper.  For  this  porpoK  it  le  mixed  with  a  small  qnantitj 
of  rich  repiliia  to  prevent  oiidR  of  rapper  &om  being  taken  np  by  the  alag,  made 
into  batle  with  wet  clsy,  dried,  and  emaltad  with  coke. 

In  thi*  wBj  the  greater  part  of  the  copper  ie  obtained  in  the  etate  of  black  copper, 
togethei  wi:h  a  email  qoantit;  of  rich  reffulns,  and  a  stag  contAininga  email  qnantitj 
of  ec^per,  which  ie  nud  aa  a  flux  in  emeltjng  ore. 

ExTSAcrnox  oi  CorraR  ra  na  wvr  wit. — The  precipitation  of  copper  from 
mine  watar  by  metallic  iron  haa  long  been  carried  ont  at  the  copper  minee  in  Wicklow 
awl  ID  Um  Ille  of  Augteaea ;  on  the  continent  mine  water  ie  worked  in  the  aan« 
mannar,  at  the  Sio  Tinto  minei  in  Spain,  and  at  SchmoUnitz  in  Hungary,  Bommele- 
benin  the  Hart*,  etc 

The  beabnent  of  poor  cnpreoni  mateciale  with  the  object  of  conTeiting  the  copper 
into  a  aalt  that  can  be  diaaolved  out  by  water,  ia  aUo  eitenaivel;  practiged,  not  on^  in 
placea  whore  inch  mat«riale  occur  naturally,  but  also  iu  couuection  with  the  aee  of 
pjritea  aa  a  eonree  of  enlphnr  for  mlphuric  acid  tactoriea. 

The  mateiial  operated  upon  at  aome  placee  where  this  method  ii  carried  ont  ii  a 
tawbtoie  impregnated  with  capric  carbonate,  and  cont&Lniog  on  the  average  abont  3 
per  cent,  of  copper.  The  CTashed  eandetone  ii  mixed  with  dilute  hydrochloric  acid  in 
large  vati  flUel  with  agitatore ;  the  eolntjoa  of  cnpric  chloride  t^ue  gbtained  it 
dimwn  off  and  the  copper  precijntated  horn  it  by  metallic  iron. 

At  Alderiy  Edge,  in  Cheahire,  a  eimilar  plan  haa  been  adopted  ibr  extracting 
eapMt  ban  nndetone, 

Bnlphnric  add  ie  aometimes  used  in  the  same  way,  for  the  purpose  of  eitiactiug 
copper  bom  poor  oree  when  it  eiista  in  an  oxidised  state :  but  in  either  caee  it  is  ee- 
•eetial  to  tbe  ncceaa  of  this  method  that  the  ore  to  be  operated  upon  ahoold  not  con- 
tain any  large  proportion  of  carbonatea  which  would  be  dscompoeed ,  by  the  add  need 
and  thus  coDsnme  a  large  amount  of  add.  It  is  also  essential  that  the  ore  should  not 
eoatun  other  inbetances  that  would  be  diiaalied  by  the  acid  naed. 

In  the  ease  at  poor  copper  oree  which  contun  copper  in  combination  with  eolphur, 
the  copper  ie  eometimee  couTerted  into  Hnlphate  by  oxidation,  by  roasting  the  oree  in 
h«pa  and  then  dinolring  ont  the  eupric  anlphate  by  lixlTiatJoa  with  water.  Thii 
plan  haa  been  woAed  in  a  rode  way  at  the  minea  of  Bio  Unto  and  TharaiB  in  9pain, 
■nd  olhar  plaoea.  In  a  more  perfect  manner  this  plan  was  applied  by  Baakart  for 
the  tceatnent  of  crea,  containing  a  considerable  amount  of  copper,  which  were  rwetcd 
m  the  •!•(«  of  Ane  pnwder  in  reverberaCory  fiimacea.  The  chief  difficulty  attending 
this  method  of  treatment  coneiata  in  regulating  it  so  that  greater  part  of  the 
iHKitu  folphatA  Ibrmed  may  be  decompoaed  with  Ajrmation  of  ferric  oxide,  and  at  the 
lame  time  pcerenting  tbe  decompoeitioQ  of  eomo  of  the  cnpric  sulphate  formed,  and 
the  raodnction  of  cnpric  oxide,  which  ia  insoluble  in  water. 

The  t^Jut  Hiat  hu  beea  found  most  adrantageons  for  converting  the  copper  into 
the  state  of  a  eoluble  salt  is  that  of  roaating  the  ore  together  with  eodium  chloride. 
Thii  method  of  treating  copper  ores  was  applied  by  Longmaid  in  1842.  and  has  since 
been  practised  with  Tsrioue  niodifii!atioafl  by  others.  It  ie  now  chiefly  adopted  for 
the  extiaetion  of  copper  from  the  residue  left  in  burning  pytitee  for  the  manufacture 
of  snlphurie  add.  liia  material  is  mixed  with  from  12  to  16  per  cent,  of  common 
■alt,  and  if  the  residual  eulphor  in  the  burnt  pyrites  does  not  amount  to  rattier  more 
than  the  qnantitT  of  copper  in  it,  suffidsnt  iron  {nritee  ie  added  to  make  np  the  de- 
Seien^.  The  mutnre  is  then  roasted  in  a  reverberatoiy  funaee  with  a  long  bed. 
As  e^phur  of  the  pyrites  is  thus  oxidised  and  the  sulphuric  onde  produced  by  tb* 
''     '  snlphate  cmverts  llie  eodium  chloride  into  enlphate  and 
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bjdiochlorie  add,  whieh  oomHnes  with  the  copper,  fbnntogf  enprie  ehlarlde.  T!hb  for- 
mation of  enprons  diloride  most  be  avoided  br  careAUlj  r^gmating  the  tenmeratare 
in  the  roasting,  aince  the  sparing  solubility  of  this  substance  in  water  wontl  cause 
consideiable  loss  of  copper. 

The  roasted  mass  is  then  liziyiated  with  water  and  a  little  dUlnte  hjdroehlaric 
acid  in  a  series  of  tanks,  and  when  the  solution  contains  a  sufficient  amount  of  copper, 
it  is  run  into  tanks  containing  a  quantity  of  scrap  iron,  where  the  predpitadon  <»  the 
copper  is  facilitated  bj  heating  the  liqmd.  The  finely  divided  copper  thus  obtained 
is  then  washed  and  melted  into  ingots. 

RBninxo  ain>  TouaHSMiiro. — The  metallic  copper  obtained  by  p>edpitatioii  bj 
iron  ia  always  very  pure  and  possesses  great  malleability  and  ductility ;  bat  that 
obtained  by  smelting  copper  ores  either  in  reverberatory  or  in  shaft  fanaoes  ia  navar 
in  a  condition  to  be  xuted,  but  contains  a  yariety  of  imnurities,  the  oatura  of  which 
depends  paitl^  on  the  kind  of  ores  £rom  which  tLe  metal  has  been  ptodaeed ;  aawog 
these  impurities  a  small  amount  of  sulphur  and  some  cuprous  oxide  an  always  pcsasnt 
The  following  table  gives  the  oomposition  of  some  samplea  of  blister  copper  aM  black 
copper: — 


Copper 

Swansea 

^»lyffm'l4 

Belohelsiliifff 

VMibofi 

AHi^i 

LePlay 

Napier 

Ebbinghaas 

Willto 

u,m»dtai 

Balm 

98-4 

97-6 

92-83 

710 

69-5 

, 

Iron  .... 

07 

07 

1-38 

11-0 

6-7 

0-04 

Arsenic                       } 
Tin  .        .        .         { 
Antimony 

-! 

10 

— 

— 

— 

0-45 

Lead 

— 

— 

279 

— 

6-0 

6-84 

Bismuth    . 



— 

— 

— 

1-0 

Silver 

— 

_ 

0-26 

— . 

0-5 

^_ 

Zinc. 

— 

—    ) 

2-0 

__ 

Nickel       . 

0-3 

-     [ 

105 

100 

83 

0-99 

Cobalt 

-     1 

1-8 

004 

Sulphur    . 

0-2 

0*2 

107 

70 

trace 

_^ 

Oxygen    . 

— 

0-6 

— 

— 

— 

— 

100- 

100- 

— 

— 

— 

— 

The  refining  of  blister  copper  is  carried  out  in  this  country  in  reverberatoiy 
ftimaces  similar  in  construction  to  the  smelting  fhmaces,  but  without  any  ojMuing  in 
the  roof.  The  hearth  slopes  from  all  sides,  and  the  lowest  part  is  near  the  door  at 
one  end.  About  six  or  eight  tons  of  copper  are  |daced  upon  the  hearth,  and  when 
melted  the  metal  is  exposed  for  several  hours  to  the  oxidising  action  of  the  atmospheric 
air  entering  the  furnace.  The  superficial  oxidation  of  the  cakes  of  metal  while  mat- 
ing Aimishes  material  for  the  formation  of  slag  by  combination  of  the  oxide  with  the 
sand  adhering  to  the  copper  and  with  the  silicious  material  of  the  hearth.  Arsenic,  tin, 
and  other  metals  which  are  oxidised  more  readily  than  copper  are  sm)aiated  by  the 
action  of  the  slag  upon  them  and  the  remaining  sulphur  in  the  metal  la  separated  as 
sulphurous  oxide.  To  fadlitate  this  action  the  contents  of  the  furnace  arc  several 
times  stirred,  and  when  the  purification  of  the  metal  is  suffidently  advanced  the  al*g 
is  skimmed  off  the  surface. 

The  slag  formed  in  the  refining  of  blister  copper  contains  a  large  aaiount  of 
copper  as  well  as  those  metals  which  the  operation  is  int^^nded  to  rbmoye^  aa  ahown 
by  the  following  analysis : 

Silica 47*4 

Alumina 20 

Cuprous  oxide 36-2 

Ferrous  oxide 8*1 

Nickel  and  manganous  oxide 0-4 

Stannous  oxide 0*2 

Lime 1*0 

Magnesia 0*2 

Metallic  copper 9*0 
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Ifeildasu  nllsd  rafinerj  114^,  imd  it  ii  vorkad  up  in  th«  mslUng  of  alcuud 
ttm  BatalM  ilnadj  mrationad. 

Th*  cn^MT  b  then  in  tlw  itlte  of  dry  cappet  and  contuiu  cnprona  aiide  dii- 
Ind  is  it,  vhSeh  mdan  it  dsflciant  in  tonghnssi  anil  mallaabilitj.  The  HpuKtioD 
tut  osida  ii  aftdtd  b;  throviag  npon  Uis  nrface  a  qoutitr  of  cobI  and  alUr 


Fm.  >10. 

«  put!  of  tlia  continBnt  Uw  Teflning  of  black 


Utferb  InthabriAvork 


Fio.  3oe. 


and  at  one  mie  tlura  am  two  baaiu  (Jt)  alao 
Hnsd  in  ths  aame  waj,  into  whieh  tlia  reSaed 
mstal  can  be  mn  from  the  hearth.  lig.  310 
il  an  elsTation  on  the  line  laof  tha  horizontal 
■ection,  showing  tba  flnplace  (  v),  ths  tuyera 
holai  (a«),  ths  dooi  (i)  bj  which  tJis  slw 
Baatingon  ths  melCad  metal  ii  raked  eat,  a^ 
tlie  tw^nc  holM  (e  v)  which  are  opened  when 
tha  leflnMmelal  ii  mn  onL  Fig.  309  ia  a  ver- 
tical •action  on  the  line  i.  k  through  one  of  tile 
tujBreholM,aad  showing  the  chargi  eg  door  ({). 
ii_: 1  1.1.. I. --carried  out  in  a 


4i  n  cncBlng  (j>),  vUch  can  b«  cloaed  bj  the  iron  door(f).  TheiaiBllrtiaDnGl(ii) 
^m  to  IM  tAe  alag  run  off  on  to  the  iron  llab  (b)  with  which  part  of  Che  brickwork 
wnnd.  The  btaat  tnreie  (t)  passes  throng  an  apertnn  (c)  in  the  back  wall  of 
tabonth. 


In  vmting  tlus  heailli  the  e 


is  placed  on  the  top  of  some  ignited  charcoal 


msMl>  ara  oxidi«*d  aa  the  nipper  m«lti,  nnd  Iha  oiddf  eooMae  witli  tlie  aiti  oftbi 
charcoal,  and  the  liliciona  mntenal  of  the  hearth,  (brmiiu;  ■  ftiaibla  blad:  dig.  Staa 
copper  i>  niao  □xidiud.  and  the  eupioDa  oxide  diaaolTrpg  in  the  melted  eo/fit ' 
agmn  retiuced  bj  the  cnpFooa  sulphide  imd  bj  the  fbraign  metaU  it  eoDtauu.  Wba 
these  bare  been  almoat  eatiralj  separated,  some  of  the  raprotu  tnide  iwaiM  St- 
solved  is  the  melted  copper,  and  some  of  it  ia  dinolTsd  b;  the  bIbj;,  itimniiirH^ 
Id  it  a  nddiah  colour. 

The  piognaa  of  the  operation  ia  tested  from  time  to  timtt  by  planctBg  u  ilta 
rod  into  the  melted  copper  so  aa  to  witbdiav  a  portion ;  thia  is  cooled  m  viUind 
the  copper  examined  as  to  ita  flexibility.  When  the  reqniaite  degree  of  puitjlli 
been  attained  the  blast  is  atopped.  the  slag  and  fiiel  dmvuoff  the  aurbceofwawM 
metal,  and  some  water  throvn  Q^on  it  anSmeiit  to  aolidify  the  iin>ar  partioa,«biiii> 
thenremoTed  in  tbefonnof  a  thin  disc  called  a  roaetta.  TliiaiacoMinMdtiUlM4 
nil  the  copper  is  removed  from  the  hearth. 

Wheo  copper  ia  refined  in  henrtba  it  is  obtnioed  in  the  dry  itata,  ^deh  il  caw' 
bj  the  presence  of  cnprous  oxide,  and  the  toogheoios  nf  the  lOMtt*  eapfKJutBi 
out  in  a  separate  operation  by  melting  the  metal  tmdtir  ehueoal  in  •  hnuth  libtht 
already  described. 

At  the  copper  wcvks  of  Hettestiidt  a  gaa  rererbaratory  fdmiM  ii  oMd  to  nUif 
copper,  the  conatraction  of  which  is  repmented  try  flga.  SIS  and  811.  na  (osb*- 
tible  gas  is  generated  in  the  chamber  (aWhich  u  supplied  with  taai  Ihm^  l^ 
ahaa  (c)  clwwd  by  a  lid  (<f)  at  the  top.  The  gaa  j»rlm  into  tha  vDdir«  d>^ 
orer  diefira  bridge  (/)  in  which  there  is  on  opening  (;)  for  eocdingit.    Air  fart*" 


bastion  ie  supplied  throush  the  flues  (a  i),  nod  if  requisite  alao  tlumigh  the 
(i4);  the  air  tbr  the  oxidatioti  of  the  capper  ia  luppjied  throv^  the  o[—' 
The  door(I)at  the  side  of  thowortii      '      '  ...... 

the  working  door(in)ia  at  the  end  vher 


^ 
««i* 


D  introdncB  the  el 
.    .  luB{n}comrotinicateBwithahi^thiM* 

(d)  adjoining  the  fuiWce.  The  bed  (i)  of  the  working  chamber  ia  fomud  of  ili(W 
enahed  quarts,  and  the  aides  (^)  are  lined  with  a  refnctory  mixture  of  qatttl  ^ 
loam  in  order  to  protect  the  outer  irall  {q  g)  of  the  furnace. 

Tbia  Aumaee  is  capable  of  working  five  tons  of  copper  at  ones. 
The  slag  prodaced  ia  refining  block  copper  consi.ita  [«rlly  of  ailicatea  ai 
c4  metallic  oxides,  as  shown  by  the  following  analj-aes: 


BBFISniG  CDPPEE. 


Kurtoi 

FlUtDR 

Gaotb               1 

saicft 

22B 

*-27 

62-1 

10-4 

1313 

1-28 

4-78 

Fanom  oxids 

11 

2'30 

82-49 

20-73 

017 

31  ea 

3-5S 

3416 

ArMDio  oxide      . 

S'43 

Antimonj  oiida  . 

4-37 

Almniu     . 

3'4 

Mt^bdott.  wide 

2-36 

0-87 

Lima,  potuh  ind  «oda 

- 

- 

2'2S 

1-es 

SB'S 

IWlfl 

lOO'SS 

10003 

Teiy  general  applj 
for  RDMtlung  ibipa,  and 
ralinai;  reswli ;  in  the  Rate  of  alloja  with  other  metale  it  ia  alao  applied  to  a  great 


mmber  of  porpoaea.  Some  af  the  aaline  componiMlB  of  copper  are  tuM  a*  pigmedta ; 
for  the  pTeMrralion  of  wtx)d,  and  io  medidiie. 

Ooiupownda. — Copper  foniu  tvo  aeriei  of  romponnds,  and  it  ie  biralent  in  the 
eompoinda  of  one  wriea,  hnt  appnrentlf  nnivalent  in  the  othen.  Theae  eomponnda 
art  tamed  Teap«(jtiyely  cnpric  and  cnprons.  There  are  two  oiidea,  mime  oxide 
CuO,  which  i>  a  atrong  bnip  forming  atnlile  ealine  componDde  with  add  oiidM,  mA 
enprona  oxide  Cn,0,  which  is  »  feeble bHee,  forming  only  with  a  few  acid  oildet  nlina 
ewBuwutda  which  are  midilj  conTetti^  by  oxidation  into  cnpric  Klt«,  The  chloridea 
Cndl,  and  Cii,CU.  at  veil  m  the  anlphidei  CuS  and  Cn^  correepoad  to  the  oxidea. 

CnpHe  ealta  have  genemlly  a  green  or  bine  colonr,  but  aome  of  them  are  colonriaaa 
in  the  anliTdione  atate;  mnnTof  them  arr  aolnble  in  water;  they  have  a  dimgrecaUe 
■alallii  taata  and  are  very  poisonona. 

^r  nitiale  ia  a  Tery  deliqneaceDt  aalt,  ciyatAlliaing  in  blue  rhonboidal  priama, 
the  eanpcdtion  of  which  ia  repieaentad  ^  the  Ibnnnla  CnSSO^SHfi ;  it  i«  xdaU* 
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in  alcohol,  and  is  decomposed  when  moderately  heated,  yieldinga  basicailtQCAgMI 
colour,  which  gives  off  the  whole  of  its  add  at  a  higher  timpentiire^  leftTiBg  pm 
cupric  oxide  as  a  black  powder.  The  carbonates  occurring  natnzaUj  as  aalaekiti 
and  azuri te,  or  prepared  artificially  by  mixing  solntiojis  of  fixed  ^Ifa^Htif  euboBiti 
with  the  solution  of  a  cupric  salt,  are  all  basic  salts;  the  precipitate  obtuned  bm 
H  hot  solution  has  a  green  colour,  and  is  known  as  mineral  green  or  gmi 
yerditer.  The  arsenite  CuHAsO,  is  a  brilliant  green  substaaoib  lA>pfy  widii 
a  pigment  under  the  name  of  Schoele's  green. 

Cupric  chloride  forms  green  hydrated  crystals,  the  composition  of  whkk  is  vf^ 
sdnced  by  the  formula  CuCl2.2U,0 ;  this  salt  is  fireely  soluble  in  vmter  and  alenDl; 
when  heated  it  loses  water  and  becomes  brown ;  at  a  higher  t«niperafcue  tin  at 
gives  off  half  its  chlorine  and  is  converted  into  cuprous  chloride. 

Cupric  acetate  Cu'iC^gO,  +  H,0  forms  dark  green  ciystaln  •oluUd  in  14  pud  d 
col(>  water  and  6  parts  of  boilinff  water ;  the  salt  is  also  soluble  in  alcohol ;  it  ii  «id 
»s  a  pigment  under  the  name  of  d  i  s  ti  1 1  ed  v  er  d  i  gri  s.  A  basic  ncetata  of  a  Hmsk- 
ppreen  colour  obtained  hj  exposing  plates  of  copper  in  contact  wiUi  tilt  hub  d 
grapoM  to  the  action  of  the  atmosphere  is  used  as  a  pigment  nnder  tht  ttnw  d 
verdigris. 

Cuprous  salts  are  generally  insoluble  in  water,  and  they  are  vsry  lUtiU^ 
absorbing  oxygen  readily,  and  passing  into  cupric  salts. 

Copper  unites  readily  with  other  metals,  and  sereral  of  the  alloys  of  this  meUl 
are  important  in  their  practical  applications. 

Zinc  and  copper  can  be  mixed  together  in  the  melted  state  in  almoit  any  pnpor 
tions,  forminff  a  number  of  alloys  known  by  the  names  of  br  a  s  s,  Munts's  metal,  M, 
the  composition  and  characters  of  which  are  given  in  the  following  taUe : 
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Zinc 
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gn^ity 

Gotov    • 
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9-28 

8-605 

reddish  jtOov 
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12-70 
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8302 
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• 

Dutch  brass 

79-65 
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tf 

Ilolled  sheet  brass 

74-58 

2542 

8-397 

paleyeOov 

Ordinary  brass    . 

71-43 

28-57 

— 

It 

British  brass 

6618 

33-82 

8-299 

fhUydlcv 

Muntfs  sheathing 

60-00 

40-00 

8*200 

t( 

German  brass 

40-47 

50-53 

8-230 

tt 

„         for  watchmakers 

32-85 

6715 

8-283 

deepyeUov 

31-62 

68-48 

7-721 

silver  white 

30-30 

69-70 

7-836 

1 

2917 

70-83 

8019 

silver  gray 

28-12 

71-88 

7-603 

2710 

79-90 

8*058 

26-24 

73-76 

7-882 

25-39 

74-61 

7-443 

24-50 

75-50 

7-440 

White  button  metal 

19-65 

80-36 

7-371 

16-36 

83-64 

6-605 

1 

The  characters  which  are  of  most  importance  in  brass  are  the  colour,  haidnaBk 
and  capability  of  forming  sharp  castings.  The  malleability  of  brass  depends pait^c* 
the  temperature  at  which  it  is  worked,  and  it  is  inversely  proportionate  to  thessM^ 
of  zinc  in  the  alloy. 

Muntz*8  metal  is  used  for  coating  ships,  and  is  said  to  keep  cleaner  thnn  eopp>i 
besides  being  less  costly. 

Copper,  alloyed  T^-ith  a  small  proportion  of  zinc,  has  a  paler  red  colour  thn  pill 
copper ;  with  a  lai^or  proportion  of  zinc  the  alloy  is  yellow.  The  alloy  confiitii|tf 
cquail  parts  of  the  metals  has  the  brightest  colour.  With  a  still  larger  propoftki  rf 
zinc  the  alloy  is  white.  The  ductility  of  the  alloys  of  copper  and  cine  is  in  i 
Ciiscs  greater  than  that  of  copper,  those  containing  15*5  and  28*5  per  cent  of 
being  the  most  ductile.  Alloys  of  copper  and  zinc  become  hard  and  brity*  ' 
hammered,  and  consequently  require  to  be  annealed  frequently  in  working 
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Lead  mizet  with  melted  copper,  bnt  the  mafis  readily  separatee  into  two  layersy 
the  lower  one  conabting  of  Imq  containing  aome  copper,  the  upper  one  of  copper  con- 
taiaing  aome  lead.  £Ten  when  the  melted  maas  is  rapidly  cooled,  the  greater  part  of 
the  lead  may  be  aeparated  by  heating  the  alloy  to  the  melting  point  of  lead.  The  mode 
of  aeparating  lead  from  copper  ia  aometimea  practised  nnder  the  name  of  liquation 
(seep.  431). 

^UM  dnetility  of  oopper  is  reduced  by  the  presence  of  a  small  amount  of  lead. 
ConMr  containing  0*1  per  cent,  of  lead  may  be  used  for  ordinary  purposes,  but  can- 
not oe  rolled  into  thin  sheeta  or  drawn  into  thin  wire.  A  small  proportion  of  lead 
lendani  brass  more  capable  of  being  worked  in  the  lathe  and  in  some  other  respects ; 
but  when  the  brass  is  to  be  drawn  into  wire,  the  presence  of  lead  is  injurious. 

The  alloys  of  copper  with  tin,  and  sometimes  other  metals,  are  known  as  bronse, 
gun  metal,  bell  metal,  speculum  metal,  etc  The  alloy  of  copper  and  nickel 
is  known  as  German  silver;  these  and  other  alloys  of  copper  wiU  be  described 
under  the  heads  of  the  several  metals  which  they  contain. 

tmwwtoxm  oxibb. 

FoBinTLA  Cu,0.    HouBOViAB  Wbioht  142*8. 

Blstory* — The  existence  of  this  substance  as  a  distinct  compound  of  oopper  and 
omen  waa  first  ascertained  in  1801  by  Proust,  who  described  ita  characters  and  the 
mow  of  preparing  it.  In  the  following  year  Cheneviz  showed  that  red  copper  ore 
eonasted  of  this  oxide. 


u — Cuprous  oxide  occurs  naturally  as  red  copper  ore  and  as  chal- 
eotrichite  or  copper  bloom,  and  in  some  cases  it  is  sufficiently  abundant  to  be 
wodud  as  an  ore. 


im — In  the  ciystallised  state,  cuprous  oxide  forms  octahedrons  or 
cubes,  slu^Uy  translucent,  of  a  fine  red  colour,  sometimes  crimson,  and  considerable 
lMtn.^The  specific  gravity  ia  from  5*86  to  6*16.  The  artificially  prepared  oxide  is 
Merally  pulverulent  and  the  more  finely  it  is  divided  the  brighter  is  the  colour. 
CuTOM  oxide  is  readilv  reduced  when  heated  with  carbon  or  in  an  atmosphere  of 
hymogen,  carbonic  oxide,  or  other  reducing  gas. 

Csproos  oxide  is  dissolved  by  hydrochloric  add,  forming  cuprous  chloride,  and  it 
is  converted  into  cupric  nitrate  by  nitric  add,  but  is  decomposed  by  most  other  acids, 
with  separation  of  metallic  copper  and  formation  of  the  corresponding  cupric  salt. 

Cuprous  oxide  in  the  hydrated  state,  obtained  by  adding  caustic  soda  or  potash  to 
«  solution  of  cuprous  chloride,  or  by  boiling  freshly  predpitated  cupric  hydrate  with 
aolution  of  milk  sugar,  is  an  orange  yellow  pulverulent  substance,  which  is  readily 
converted  into  cupric  oxide  by  exposure  to  the  air.  It  is  rendered  anhvdrous  by  a 
temperature  of  360^,  but  does  not  assume  the  red  colour  till  it  is  heated  to  a  much 
higher  temperature. 

OUFmZO   OXIBB. 

FoBxruL  CuO.    MoLBcvLAB  Wbobt  70-4. 

Blstory. — The  oxidised  copper  mentioned  by  Dioeoorides  and  Plinv  under  the 
names  of  Mos  x<i^o^  andflos  aeria  were  probably  mixtures  of  cupric  oxide  with  some 
cuprous  oxide,  aa  the  substances  are  described  as  being  reddish  when  powdered,  and 
beyond  the  opinion  that  copper  might  undergo  difiVrent  degrees  of  caldnation,  no 
distiiiction  appears  to  have  b^n  made  between  the  two  oxides  until  the  year  1800. 

Ooovrrenee.— Cupric  oxide  occurs  abundantly  near  Lake  Superior,  and  in 
smaller  quantities  it  is  frequently  assodated  with  copper  ores. 

Ctaurmeten* — The  native  cupric  oxide  is  sometimes  crystalline,  and  of  a  dark 
iUel  grey  colour,  the  specific  gravity  varying  from  6*962  to  ^-26.  Hore  frequenUv  it 
is  IB  eompact  masses  or,  like  the  artifidally  prepared  oxide,  a  brownish  blacx  powder. 
Crystals  consisting  of  cupric  oxide  are  sometimes  found  in  the  furnaces  of  copper  works. 

Cupric  oxide  melts  at  a  full  red  heat,  and  in  cooling  the  mass  assumes  a  crjrstal- 
line  texture.  It  is  not  decomposed  by  heat  alone,  but  is  easily  reduced  to  the  metallic 
state  when  heated  in  contact  with  carbon,  hydrogen,  carbonic  oxide,  or  other  redudng 
gasea ;  it  dissolves  in  melted  silicat<^,  communicating  to  the  mass  a  fine  green  colour ; 
It  is  alio  dissolved  by  melted  load  oxide.  When  cupric  oxide  is  melted  with  metallic 
Isid  it  is  reduced  to  cuprous  oxide,  which  dissolves  in  the  lead  oxide  formed,  and 
iriisn  the  proportion  of  lead  is  large  some  of  the  copper  issepaxated  in  the  metallic  state. 
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Cupric  oxide  is  readily  dissolved  by  acids,  with  which  it  fbmiB  soluble  «]fi;«lM 
heated  with  fSatty  substances  it  is  also  dissolved  to  some  extent,  and  on  this  aooont 
copper  vessels  used  for  cooking  purposes  require  to  be  kept  bright  and  freefroDOiidi 
by  frequent  scouring. 

Cupric  hydrate,  CuII,0,,  is  a  greenish-blue  pulTerolent  sabetanoe  wUdi  ii  e» 
verted  into  anhydrous  cupric  oxide  at  a  temperature  a  little  above  100^  and  by  boili^ 
with  a  solution  of  caustic  alkali.  The  blue  verd  iter  of  commerce  oonsistschirfyal 
this  substance.  Cupric  hydrate  is  readily  soluble  in  solution  of  ammonia,  fismiig  i 
deep  blue  liquid  which  has  the  property  of  dissolving  cellulose. 

Preparatloii.— Cupric  oxide  may  be  prepared  in  the  form  of  copper  miIa,17 
exposing  red-hot  copper  for  some  time  to  the  action  of  atmospheric  air,  or  Ijf 
moderately  igniting  the  carbonate  or  nitrate.  The  hydrate  is  obtained  by  miiiag 
the  solution  of  a  cupric  salt  with  caustic  alkali,  quickly  washing  the  bine  predpitiU 
with  cold  water  and  drying  it  at  the  ordinary  temperature. 

OUVROm   8V&FBZBB. 

Formula  Cu^.    Molbculab  WmouT  158*8. 

History. — The  art  of  extracting  copper  from  copper  pyrites  appears  to  hsTsbia 
known  at  a  very  remote  epoch ;  Dioscorides  describes  rvptn^f  as  a  kind  of  stone,  ta 
which  copper  was  obtained ;  but  it  appears  to  have  been  confounded  with  ironpyrils^ 
and  Agrieola  described  copper  pyrites  and  iron  pyrites  as  varieties  of  the  mm 
mineral.  The  existence  of  cuprous  sulphide  as  a  distinct  substance  was  flnt  Milk* 
lished  by  Proust  in  1801. 

Ooonrrenoe. — Cuprous  sulphide  occurs  naturally  as  redruthite  areoppfT 
glance,  associated  wi  th  other  minerals  containing  copper.  It  also  occurs  in  eoBBMr 
t ion  with  ferric  sulphide  very  abundantly  as  copper  pyrites,  Cufi,¥9fig,  adii 
purple  copper  ore,  3Cu2S,Fe2S3. 

C  uba  n  is  another  ferruginous  compound  of  cuprous  sulphide  that  oocnrs  natnnQf. 
The  rcgulus  obtained  in  smelting  copper  ores  and  in  the  separation  of  copper  tm 
lead  ores  is  a  similar  compound  of  cuprous  sulphide  with  ferrous  sulphide.  Cmmi 
sulphide  also  occurs  combined  with  bismuthous  sulphide  as  tannenite,  oombiMi 
with  antimonous  sulphide  as  wolfsbergite  or  antimonial  copper  ore,CiA 
SbjS,,  combined  with  antimonous  sulphide  and  arsenous  sulphide  as  fahl  ore  or 
grey  copper,  of  which  there  are  several  varieties,  containing  also  silver,  sine,eo{iMi; 
iron,  and  mercury,  as  sulphides  in  variable  proportions.  A  similar  oompoima  d 
cuprous  sulphide  and  load  sulphide  with  antimonous  sulphide  occurs  as  bournoBlti^ 
Cu3S,Sb2S„2PbS,Sb2S,- 

Cbaraoten. — Cuprous  sulphide,  as  it  occurs  naturally,  is  sometimes  in  the  ftni 
of  six-sided  prismatic  crystals,  sometimes  compact  and  granular ;  it  has  a  grey  eota 
metallic  lustre,  and  the  specific  gravity  is  from  55  to  5*8.  Artificiallj  pnfVii 
it  has  a  density  of  5*08,  a  dark  lead  grey  colour,  and  it  melts  more  readily  than  toggtt' 
It  is  not  decomposed  when  heated  out  of  contact  with  air ;  heated  in  the  prosenet  tf 
air  it  is  oxi(iised,  sulphurous  oxide  is  given  off,  and  cuprous  oxide  is  at  first  fiswi 
together  with  some  cupric  sulphate  which  is  decomposed  by  further  heating.  Oa 
cuprous  oxide  is  converted  into  cupric  oxide,  partly  by  the  sulphuric  oxide  givn  oC 
and  partly  by  atmospheric  oxygen.  If  the  oxidation  be  interrupted  before  VM  vfaob 
of  the  cuprous  sulphide  is  oxidised,  and  the  mass  be  heated  sufllcienUy  to  melt  itiSi*" 
action  takes  place  between  the  cupric  oxide  and  the  remaining  sulphide,  wfaidi  retoUi 
in  the  production  of  metallic  copper  and  sulphurous  oxide,  according  to  the  fbUofWiBg 
equation : 

2CuO  +   Cu^S  «  4Cu  +  SOy 

The  same  reaction  takes  place  when  the  mass  containing  cupric  sulphate  is  wM 
together  with  carbon,  the  cupric  sulphate  being  thus  reduced  to  cuprous  solphids.  h 
is  upon  this  reaction  that  the  production  of  copper  depends  in  copper  smeltiiig.  B 
the  proportion  of  cupric  oxide  be  large,  cuprous  oxide  is  produced  in  place  of  mitJh. 
copper,  as  shown  by  the  following  equation :  < 

6CuO   +  Cu^  «  4Cu,0  +   SO,; 

and  it  is  in  this  way  that  it  sometimes  happens  that  cuprous  oxide  is  produced  inttMl 
of  copper  in  the  smelting  operation. 

Cuprous  sulphide  is  not  decomposed  when  melted  with  metallic  lead,  baft  ^ 
argentic  sulphide  be  also  mixed  with  the  cuprous  sulphide,  the  silver  is  eztnettd  t9i 
great  extent  by  the  lead  and  lead  sulphide  is  formed.  Cuprous  sulphide  misMveifitf 
with  lead  oxide  when  thej  are  melted  together,  sulphurous  oxide  is  giyen  ofl^  mmUm' 


CUPRIC  SUIiPHATE.  425 

k  zodneed,  and  a  reddish  coloured  vitreous  mass  formed,  consisting  of  lead  oxide  and 
eoprona  oxide,  as  shown  by  the  following  equation : 

Cu^  +  3PbO  -  3Pb  +   Cnfi  +  SO, 
158*8  669  621         142*8        64 

But  unless  the  lead  oxide  amounts  to  25  times  as  much  as  the  cuprous  sulphide,  a 
portion  of  the  latter  remains  undecomposed.  If  the  cuprous  sulphide  be  mixed  with 
aigentic  sulphide,  the  silver  is  taken  up  by  the  reduced  load. 

Cuprous  sulphide  is  decomposed  by  metallic  iron,  yielding  a  regulus  consisting  of 
ferrous  sulphide  and  cuprous  sulphide,  with  brittle  copper  containing  some  iron  ;  part 
of  the  co^i^er  is  taken  up  by  the  excess  of  iron. 


FoBXuiiA  GuS.    MoLKCXTiAB  Wkioht  95'4. 

,  . .   -This  substance  occurs  naturally  as  c  o  ve  1 1  i  t  e  or  blue  copper  ore 

and  associated  with  other  minerals  containing  copper,  but  it  is  comparatively  rare. 

Oluurmetors. — ^ThecrystaUised  cupric  sulphide  is  in  the  form  of  soft  flexible  lamina, 
but  it  occurs  more  firequently  in  compact  masses,  or  in  some  instances  as  a  sooty  incrusta- 
tion ;  it  has  a  bluish-black  colour  and  a  slight  resinous  lustre ;  its  specific  gravity  is  3'8. 
Artificially  prepared  by  precipitation  with  sulphuretted  hydrogen  from  solutions  of 
cnprie  salts,  it  has  a  brown  colour  while  moist,  but  becomes  almost  black  with  a 
greenish  tinge  when  dried ;  it  oxidises  readily  when  exposed  to  the  air,  and  in  the 
moist  state  is  conyerted  into  cupric  sulphate.  By  ignition,  half  the  sulphur  is  driven 
oS,  and  it  is  couTezted  into  cuprous  sulphide ;  it  is  dissolved  by  hot  nitric  acid,  the 
copper  being  converted  into  nitrate,  part  of  the  sulphur  separated,  and  part  converted 
into  solphnric  acid ;  heated  with  concentrated  hydrochloric  acid,  it  is  slowly  converted 
into  cupric  chloride  with  evolution  of  sulphuretted  hydrogen  and  separation  of 
snlphnr.  It  is  slightly  soluble  in  solution  of  ammonium  sulphide  but  not  in  sodium 
snlphide. 

CUV&ZO   SU&PBAXa. 

Formula  CuSOi.    Molrcular  Wmoht  169'4. 

■istory* — It  was  probably  this  substance,  commonly  known  as  bl  u  e  y  i  t r  i  o  1, 
that  Diosoorides  descnoed  under  the  name  x^'caW^oK,  but  up  to  a  comparatively 
recent  time  it  was  firequently  confounded  with  ferrous  sulphate  or  green  vitriol  and 
efen  with  rerdigris. 

Oeenirenee* — Cupric  sulphate  frequently  occurs  in  solution  in  the  water  that 
has  penetrated  into  copper  mines,  and  sometimes  crystals  of  the  salt  occur  where  such 
a  Bohition  has  eyaporated. 

Cbmrmctmrum — ^In  the  crystallised  state,  this  salt  contains  5  molecules  of  water, 
and  forms  large  transparent  prisms  of  a  deep  blue  colour.  The  specific  gravity  is 
2*274.  It  dissolves  in  3*5  times  its  weight  of  cold  water,  and  in  a  smaller  proportion 
of  hot  water,  as  shown  in  the  following  table  by  Poggialo : 

Tempermtoie  CryitaUised  Anhydrou 

10*>  36-9                           20-9 

20<»  42-3                          23-5 

40^  dissolve  56-9                         30*3 

80<»  1180                         531 

100®  203-3                          75-3 

Gimnc  sulphate  is  insoluble  in  anhydrous  alcohol,  but  is  slightly  soluble  in  dilute 
alcohol.  The  crystals  effloresce  and  turn  white  at  the  sur^e  in  a  dry  atmosphere, 
•ad  at  100^  they  give  off  4  molecules  of  water,  forming  a  white  powder.  A  tempera 
tvre  of  200®  is  necessary  for  separating  the  fifth  molecule  of  water.  Tbe  anhydrous 
■alt  has  a  powerful  attraction  for  water,  and  rapidly  absorbs  it  from  the  air,  reassuming 
the  blue  colour ;  on  this  account  it  is  used  as  a  dehydrating  material  in  preparing 
absfdnte  alcohol;  it  is  decomposed  at  a  bright  red  heat,  sulphurous  oxide  and  oxygen 
heing  giyen  ofl^  while  cupric  oxide  remains. 

Caprie  siilphate  dissolves  in  hydrochloric  add,  forming  a  sreen  liquid  from  which 
oiprie  chloriae  oystallises  on  evaporation.  Both  the  anhydrous  salt  and  the 
powdered  cryiUds,  absorb  hydrochloric  acid  gas  rapidly  and  with  eydntioo  of  he^ 


100  parts  of  water  at 


42f6  COPPES. 

forming  a  deliquescent  maw.  The  anhydrons  salt  absorbs  nseaos  aimiionis  npAfi 
farming  a  blue  powder.  A  solution  of  cnpric  solphate  mixed  with  aimnnnia  b  mam 
forms  a  deep  blue  liquid  which,  by  eyajporation  or  the  additioii  of  aleohol,  yiflUi 
crystals  of  a  salt  haying  the  formula  GiiS0^4NH„H.O. 

Capric  salphate  combines  with  ammomnm  solphate  and  the  alkaline  nVii^ 
forming  definite  doable  salts,  the  compoeiti<Hi  of  which  b  represented  by  the  ftuowiig 
fofmnUie: 

Cu2NH4.2S046H,0 
CaK,2S046H,0 
OaMgS0.14H,0 
CuNa,2S042H,0. 

A  solution  of  cupric  sulphate  mixed  with  ferrous  sulphate,  or  the  oonesponSig 
salts  of  zinc,  magnesium,  or  nickel,  yields  czystab  eonsbting  of  the  difieraitsiilphilsi 
in  proportions  yaiying  according  to  the  relative  amounts  in  the  solutions.  Hie  fm 
of  these  crystab  is  that  of  the  salt  present  in  largest  proportion,  and  the  anoint  d 
water  of  crystallisation  in  them  varies  in  the  same  manner. 

The  salt  prepared  at  Buxweiler  under  the  name  of  Saliburg  Titriol  nd 
thb  nature  and  contains  ferrous  sulphate.  At  other  places  salts  are  prodneed  liUA 
consist  of  mixtures  in  yarious  proportions  of  the  two  sulphatesL  The  all  eM 
Cyprian  vitriol,  prepared  at  Chessy  near  Lyons,  b  a  siwlar  miitm  of  ^ 
Bidphate  with  zinc  sulphate. 


SILVER. 

Sticboi.  Ag.    Atomic  WmoHT  108. 

Btetorja — This  motal  has  been  known  from  the  earliest  times,  and  the  names 
ciTen  to  it  in  rarioos  languages  refer  to  the  colour;  thus, for  instance,  the  Greek  name 
ifyvp^f  is  derived  from  iifiyos  white.  The  extraction  of  silver  from  its  ores  by  means 
of  lead  iras  known  at  a  ver^  remote  period,  and  was  the  only  method  employed  nntil 
amalgamation  was  adopted  m  Mexico  about  the  year  1657  by  Bartholomy  von  Medina. 

Oceerrwic#€ — Silver  ocean  naturally  together  with  silver  ores  and  sometimes  io 
CGBsidamble  quantities,  but  it  occurs  more  frequently  in  combination  with  sulphur  as 
argentite;  the  sulphide  also  occurs  combined  with  cuprous  sulphide  as  stromeye- 
rite,  with  antimonous  sulphide,  arsenous  sulphide,  and  other  sulphides  as  the  different 
varieties  of  fa  hi  o  re  and  other  mineraLs.  Silver  also  occurs  combined  with  selemnm 
as  nanmanite,  with  tellurium  as  hessite,  with  chlorine  as  horn  silver,  with 
bromine  as  bromargyrite^  with  iodine  as  iodargyrite,  with  antimony  as  discra- 
■ite»  with  mercury  as  silver  amalgam.  Galena  almost  always  contains  silver, 
probably  in  the  state  of  sulphide  and  in  vaiying  proportions,  and  several  other 
minerals,  such  as  blende,  iron  pyrites,  and  some  lands  oi  copper  ore,  often  contain  smaJl 
amonnts  of  silver. 


metal  is  remarkable  for  its  whiteness ;  it  is  harder  than  gold 
but  softer  than  copper,  and  when  polished  it  has  a  lustre  almost  equal  to  steel.  With 
the  sin^e  exception  of  gold  it  is  the  most  malleable  of  the  heavy  metals,  and  admits  of 
being  beaten  out  into  extremely  thin  sheets  of  silver  leaf,  which  are  not  more  than 
jf/^  of  an  inch  thick.  Silver  is  also  very  ductile,  and  can  be  drawn  into  wire  so  thin 
that  400  feet  of  it  weighs  only  one  grain.  By  hammering  and  drawing  into  wire  it 
readiW  becomes  brittle  and  requires  to  be  frequently  annealed  during  the  operation. 

Silver  has  considerable  tenacity,  and  a  wire  having  the  diameter  of  only  two 
millimetres  (0*0787  inch)  is  capable  of  supporting  a  stram  of  nearly  87  kilogrammes 
(187  lbs.)  which  is  the  breaking  weight.  The  specific  gravity  of  silver  is  10*5  after 
being  melted ;  by  the  operation  of  coming  it  is  increased  to  10*67.  The  finely  divided 
metal  obtained  hj  precipitation  from  the  solution  of  a  silver  salt  has  a  specific  gravity 
of  10*62.  ^Iver  crystallises  in  forms  belonging  to  the  regular  system,  generally  cubes, 
but  the  oTstals  sometimes  present  octahedral  fiices. 

Silver  is  the  beet  known  conductor  of  heat  and  electricity;  the  conductivity  is 
lediieed  by  increase  of  temperature.  The  specific  heat  of  silver  is  0'06701,  the  latent 
heat  of  fhinon  is  21*07  ;  it  melts  at  a  white  heat,  and  the  melted  metal  gives  off  some 
vapoor  at  vexy  high  temperatures ;  in  the  presence  of  vapour  of  arsenic,  lead  or  sine, 
etc,  silver  is  more  readily  volatilised. 

Silver  does  not  combine  with  oxygen  at  the  ordinary  temperature,  or  when  heated 
b  oootact  with  atmospheric  air,  but  it  is  oxidised  under  the  influence  of  the  electric 
disehaige,  and  when  in  a  finely  divided  condition  it  is  converted  into  peroxide  by 
enna.  WImd  the  metal  is  heated  upon  charcoal  under  a  jet  of  oxygen,  it  burns  with  a 
blaiah  flame  and  vapour  of  silver  oxide  is  given  off:  when  melteid  in  contact  with 
ilkaliae  or  earthy  silicates,  it  is  oaddised  to  some  extent,  and  the  oxide  is  dissolved  by 
the  silieate;  it  is  also  oxidised  when  heated  in  a  finely  divided  state  with  cupric  oxide, 
aitsoic,  or  antimony.  Silver  is  not  acted  upon  when  heated  in  contact  with  caustic 
aftalies  or  alkaline  nitrates,  and  on  this  account  silver  crucibles  are  used  in  chemical 
operations  with  these  substances. 

Melted  silver  exposed  for  some  time  to  contact  with  atmospheric  air  absorbs 
o^gen  and  holds  it  in  solution  until  the  metal  has  cooled  to  near  the  solidifying 
pomt  Hie  gas  is  then  suddenly  disengaged,  producing  a  kind  of  eflervescence  by 
vUeh  particles  of  the  metal  are  thrown  out  of  the  crucible.  Melted  silver  is  capable 
of  absorbing  in  this  wa^  twenty-two  times  its  volume  of  oxygen  gas.  The  presence 
flf  a  very  small  proportion  of  copper  in  the  melted  metal  provents  this  absorption  of 
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Silver  combines  readily  with  Kulphnr  and  decomposes  snlphurettBd  hydiQgBii,fni 
at  the  ordinary  temperature  becoming  covered  with  a  brown  or  black  film  of  t^ 
sulphide;  it  also  combines  readily  with  selenium,  phoephoms  and  aneDie.  Vtt 
chlorine,  bromine,  or  iodine,  silver  combines  even  at  the  ordinary  t^mpentm.  Hjte* 
cliloric  acid  has  but  little  action  upon  the  metal,  unless  it  be  heated  to  die  mSt^ 
point  with  veiy  finely  divided  silver;  but  gaseous  hydrochloric  acid  is  deoompoieltf 
silver  at  a  red  heat  with  formation  of  silver  chloride ;  vapours  of  other  chlocidH  M 
also  decomposed  by  silver  in  the  same  way.  Finely  divided  silver  is  almost  eadn^ 
converted  into  chloride  when  heated  to  redness  with  sodium  chloride ;  but  vha  ' 
the  metal  is  in  lumps,  silver  chloride  is  formed  only  at  the  surface  of  them,iilH 
the  sodium  chloride  be  melted  so  as  to  dissolve  the  silver  chloride  and  eipoM  Ink 
surfaces.  When  sodium  carbonate  is  mixed  with  the  sodium  chloride,  tin  1^ 
mation  of  silver  chloride  is  prevented.  Aqueous  solutions  of  alkaline  chlarida  lA 
upon  silver  and  gradually  convert  it  into  cliloride,  which  dissolves  in  the  wMtit 
forming  a  double  ^loride.  Solutions  of  cupric  chloride  and  other  chlorides  ilioesMl 
silver  into  chloride. 

Dilute  sulphuric  acid  does  not  act  upon  silver,  but  strong  sulphuric  acid  iidM» 
posed  when  heated  with  the  metal,  yielding  silver  sulfdiate  and  ralphnrou  vilfc 
Nitric  acid  acts  violently  upon  silver,  even  at  the  ordinary  tempexatiize,fiinu]|gil* 
nitrate,  with  evolution  of  nitrous  fumes. 

Preparatloii. — Minerals  containing  a  large  amount  of  sflrer  an  in  ODiti^ 
stances  so  intimately  associated  with  the  ores  of  other  metals,  that  they  do  not  iM 
of  being  mechanically  separated,  and  consequently  in  smelting  such  ons  tkl  dff 
they  contain  is  extractor!  in  the  form  of  an  alloy.  The  ores  of  lead,  as  alret^Bi^ 
tioned,  almost  invariably  contain  some  silver,  and  this  is  often  the  ease  wUi  AM* 
ores.  The  metallic  lead  or  copper  or  the  copper  regulus  obtained  in  siiMltiq|  Iw 
ores  contains  the  whole  or  greater  part  of  silver,  and  when  the  amount  of  ■hsk 
not  too  small,  these  products  are  submitted  to  special  operations  for  ths  pvpoa' 
extracting  the  silver. 

Ores  containing  a  largo  amount  of  silver  are  sometimes  smelted  toffethervift* 
tallic  lead,  litharge,  or  gnlona.  so  as  to  obtain  ai]gentiferous  lead,  which  is  then  op*'^ 
upon  for  the  separation  of  the  silver.  Aigontiferous  copper  ores,  or  the  ngiu^ 
tainod  by  smelting  them  in  the  usual  way,  are  also  smelted  with  lead  or  gikBi^M' 
to  obtain  lead  containing  greater  part  of  the  silver,  and  a  regulus  contuning  Mik^ 
the  copper. 

Argentiferous  iron  pyrites  is  sometimes  smelte<l,  so  as  obtain  a  regolui  floo''f''J 
chiefly  of  ferrous  sulphide  and  containing  the  silver  in  the  state  of  sulphide.  !)■■ 
roasted  and  smelted  again  to  coiicontrato  the  silver,  until  a  regulus  is  obtliiwd,ftil 
which  the  silver  can  be  extracted  by  melting  it  with  lead. 

The  extraction  of  silver  from  its  ores,  and  from  other  argentiferous  matmiri*  |* 
duced  in  metallurgical  operations,  is  also  effected  by  a  method  termed  amalgaU 
tion,  which  is  based  upon  the  solubility  of  silver  in  mercury.  This  method  ii  iV 
tised  largely  in  America,  where  the  cost  of  fuel  is  too  great  to  admit  of  the  oM  (ill 
smelted.  The  precise  nature  of  the  chemical  changes  that  take  place  is  tiMli^ 
silver  ores  by  this  method  are  not  thoroughly  understood,  and  some  diflbiM* 
opinion  prevails  as  to  the  necessity  of  converting  the  silver  sulphide  into  ckhflii 
According  to  the  Euiopean  system  of  working  silver  ores  by  amalganatioiiidiil 
done  by  roasting  the  ore  togeUier  with  sodium  chloride,  and  tlien  thesilTor  efakniri 
decomposed  by  metallic  iron  in  the  presence  of  mercury,  which  acts  merely  US  ^ 
Tent,  the  reaction  taking  place  in  the  following  equation : 

2AgCl   +  Fo   +   Hg  =  FeClj  +   2AgHg 
287         56  137  216 

According  to  the  Mexican  system,  the  ore  is  treated  with  a  sdlatioB  o^^i 
chloride  and  sodium  chloride,  and  it  is  the  opinion  of  some  that  the  silver  siiI|Ai^ 
the  ore  is  in  this  way  converted  into  chloride,  which  is  decomposed  by  tht  b^^ 
with  separation  of  metallic  silver,  which  is  dissolved  by  the  excess  of  mefony*^ 
part  of  the  mercury  is  converted  into  mercurous  chloride,  as  shown  by  the  foMl 
equation : 

2AgCl   +   2Hg  -  HgoCl,  +   2Ag 
287  400  471  216 

In  this  case,  therefore,  the  quantity  of  mercury  required  would  be  mndi  M 
since  in  addition  to  that  necessary  for  ditiisolving  the  silver,  a  further  quantity  W|| 
be  consumed  in  decomposing  the  silver  chloride. 

When  silver  sulpnide  is  digested  Tvitli  solution  of  cupric  chlc^ds  no  nrfj 
takes  place,  but,  according  to  Boussingault,  in  the  presence  of  sodinm  chloridil 
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silver  sulphide  is  slowly  decomposed  and  cuprous  chloride  is  formed,  which  is  dissolyed 
bj  the  excess  of  sodium  chloride ;  the  other  products  are  cupric  sulphide  and  silyer 
chloride^  probably  according  to  the  following  equation : 

SAgjS  -I-  4Cq01,  a  6Aga   +  2Cn01  +   2CuS  +  S. 

By  a  fbrther  reaction  between  the  cuprous  chloride  thus  formed  and  a  fiirther 
quantity  of  silver  sulphide,  more  silver  chloride  would  bo  produced  together  with 
eaprons  sulphide : 

Agfi  +  2CuCl  «  2AgCl   4-  Ch^S. 

This  -view  of  the  change  that  takes  place  in  the  Mexican  amalgamation  has  been 
disputed,  and  the  formation  of  silver  chloride  has  been  questioned,  since  ores  contain- 
ing this  substance  are  said  to  be  especially  difficult  to  work  by  the  amalgamation 
method.  The  decomposition  of  silver  sulphide  is  also  considered  to  take  place  as  a 
result  of  the  reaction  with  cupric  oxychloride,  giving  rise  to  cuprous  chloride,  sul- 
phuric acid,  and  metallic  silver,  according  to  the  following  equation: 

Ag^  +  3Cu,Cl«0  «   eCuCl  +  SO.  +   2Ag. 

The  otres  worked  by  the  amalgamation  method  in  Mexico  contain  some  silver  in  a 
metallic  state  together  with  sulphide  and  chloride ;  they  sometimes  contain  antimony 
and  arsenic,  and  the  gangue  substance  consists  chiefly  of  quartz,  iron  pyrites,  ferric 
oxide,  and  earthy  carbonates.  After  being  crushed,  the  ore  is  ground  venr  fine  witii 
water,  in  a  roughly  constructed  mill,  resembling  a  porcelain  mill.  The  sludgy  mass 
of  gToand  ore  is  afterwards  placed  upon  a  stone  pavement,  surrounded  with  a  low 
cirenlar  wall,  and  allowed  to  dry  until  it  has  the  consistence  of  thin  mud  ;  it  is  then 
mixed  with  about  6  per  cent,  of  common  salt  and  well  stirred  together.  Some  days 
afterwards  it  is  mixed  with  about  1  per  cent,  of  a  material  called  magistral,  con- 
taining cupric  and  ferrous  sulphates,  which  is  prepared  by  roasting  copper  pyrites 
in  a  rererberatory  furnace ;  the  mass  is  again  well  mixed,  and  some  mercuxy  is  added, 
the  whole  being  again  thoroughly  mixed.  Chemical  action  then  commences,  and  the 
stiniqg  is  repeated  every  dav  for  two  to  six  weeks.  Meanwhile  samples  of  the  mass 
are  examined  by  washing  with  water,  so  as  to  separate  the  mercury.  If  this  is  bril- 
liant and  liquid,  more  magistral  must  be  added,  but  if  it  presents  a  very  grey  colour, 
the  quantity  added  has  been  too  large  and  some  lime  is  added. 

When  the  mercury  is  found  to  luive  dissolved  the  silver  contained  in  the  ore,  the 
mass  is  washed  in  small  portions  with  water,  and  the  sludge  run  into  settling  tanks 
where  the  mercury  collects  at  the  bottom  and  the  earthy  material  is  run  off.  This  is 
continued  until  the  whole  mass  of  ore  has  been  washed,  and  the  amaleam  is  then  col- 
lected, pressed  in  sacks  to  separate  the  excess  of  mercury,  and  then  aistilled  in  iron 
retorts,  by  which  means  the  silver  is  obtained  in  the  form  of  a  porous  mass,  which  is 
melted  and  cast  into  ingots. 

The  consumption  of  mercury  in  treating  ores  by  this  method  is  very  considerable, 
and  the  loss  is  said  to  amount  to  as  much  as  t\vice  the  weight  of  silver  obtained. 
The  extraction  of  the  silver  is  also  incomplete. 

In  working  rich  ores,  the  amalgamation  is  sometimes  effected  by  grinding  them  in 
copper  pans  with  successive  additions  of  magistral,  salt  and  mercury. 

The  sUver  ores  of  the  Nevada  district  are  amalgamated  by  grinding  in  iron  pans 
with  mercury,  and  sometimes  common  salt  and  cupric  sulphate.  The  amalgam  is 
then  leparated  by  washing  with  water  and  distilled. 

Some  of  the  silver  ores  of  this  district  contain  intimate  admixtures  of  galena, 
Anenical  and  antimonial  minerals  cannot  be  treated  in  this  way,  but  are  roasted  with 
common  salt  and  treated  with  mercury  by  the  German  method. 

The  treatment  of  silver  ores  by  amalgamation  according  to  the  European  sjBtem. 
was  formerly  practised  on  a  large  scale  at  Freiberg.  The  ores  there  woued  contain 
silver  sulphide  together  with  arsenous  and  antimonious  sulphides,  iron  pyrites,  blende, 
etc.  They  are  mixed  so  that  when  smelted  a  regulus  is  obtained  amounting  to  aboat 
SO  per  cent.  The  finely  ground  ore  is  then  mixed  with  about  10  per  cent,  of  common 
salt,  and  roasted  in  a  reverberatory  furnace.  The  charge  is  put  into  the  furnace  moist, 
heated  gently  until  it  is  dry,  and  stirred  to  prevent  the  formation  of  lumps.  As  the 
temperature  is  raised,  vapour  is  given  off  containing  arsenic  and  antimony.  The  oxi- 
dation of  the  iron  pyrites  then  commences,  and  as  heat  is  thus  generated  little  fuel  is 
required  at  this  stage,  which  lasts  about  two  hours.  After  the  formation  of  sulphurous 
omde  has  ceased,  the  heat  is  again  raised  in  order  to  decompose  the  sulphates  that 
have  been  formed.  During  this  stage  the  mass  swells  up,  vapour  of  chlorides  and  hy- 
drochloric acid  are  g^ven  off,  together  with  some  chlorine,  and  the  silver  is  converted 
into  chloride.  After  about  half  an  hour  the  charge  is  drawn.  It  then  contains^ 
besides  various  oxides  and  the  earthy  ingredients  of  the  ore,  silver  chloride,  cupric 
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and  ferric  chlorides,  Bodiiun  sulphate,  together  with  other  nlphatei  sad  ii]nUm&id> 
phides.  ^ 

During  the  roasting  some  silver  is  carried  oif  bj  the  yaponr,  and  thnftm  Ai 
furnace  is  connected  with  condensing  flues.  The  presenee  of  antimoiiy  in  thi  «ii- 
creases  the  loss  of  silver  in  this  waj. 

The  roasted  ore  is  screened  to  separate  lumps,  which  are  ground,  andagiiiniil 
with  salt^    The  fine  powder  is  ground  in  a  mill,  and  reduced  to  a  state  of  vijtai 
division.      It  is  then  put  into  wooden  casks  with  some  water  and  metailHe  vm  ■ 
copper,  and  by  means  of  machinery  fitted  to  the  casks  ther  are  made  to  nFoln.  h 
this  way  the  silver  chloride  is  ^ladually  decomposed,  and  metallic  silver  sepotii 
After  this  has  been  done  a  quantity  of  mercury  equal  to  half  the  weight  of  the  BHtal 
ore  is  added  to  the  contents  of  each  cask,  and  the  stirring  is  oontinned  ftr  ibi< 
twenty  hours.      Meanwhile  the  contents  of  the  casks  are  examined  to  iMitaii 
whether  the  proper  proportions  have  been  used.    The  casks  are  then  fiUedinthiili^ 
find  made  to  revolve  slowly  for  about  two  hours,  after  which  time  the  greater  pnt  c( 
the  mercury  will  have  separated  firom  the  sludgy  mass  and  collected  together  aotkilk 
can  be  drawn  from  the  casks.  It  is  filtered  through  bags  to  separate  the  ezeasi  ofat 
cury,  and  the  amalgam  left  in  the  bags  is  distilled  in  iron  retorts. 

The  pressed  amalgam  contains  about  86  per  cent,  of  mercury  and  10  or  IS 
of  silver,  with  varying  amounts  of  copper,  lead,  antimony,  etc.  The  stiained 
contains  about  1  ounce  of  silver  tu  the  hundredweight. 

The  sludgy  moss  from  which  the  greater  \VLxt  of  the  mercaiy  has  been  §&oaiti 
still  contains  particles  of  amalgam  and  mercury  disseminated  through  it,  whdi  » 
separated  by  washing  off  the  lighter  portion  of  the  mass  with  water,  and  tzMtiif  tb 
heavier  portion  with  some  more  mcrcunr. 

The  loss  of  silver  and  mercuiy  in  this  operation  is  very  variable,  but  it  islMthi 
in  the  Mexican  amalgamation.  Only  a  small  portion  of  the  mercury  is  eonvntadoli 
mercnrous  chloride,  and  the  waste  arises  chiefly  from  the  mechanical  mixture  viAlh 
finely  divided  material.  The  pr.  scnce  of  arsenic,  lead,  and  other  metab  vbick  0 
easily  reduced  and  amalgamated,  augments  the  waste  of  mercury  veiy  mneh.  M 
the  loss  of  silver  is  much  less  than  when  the  ores  are  smelted :  the  operstionsini^f 
simple,  and  very  little  fuel  is  required.  The  amalgamation  method,  howerw,  ii  Ml 
ai^licable  to  ore  containing  lead  or  copper.  Although  lead  unites  readily  with  ■l^ 
cury,  only  a  small  portion  of  this  metal  is  amalgamated  when  ore  containiiig  Ud  ii 
operated  upon.  This  is  probably  due  to  the  circumstance  that  the  greater  put  of  tkl 
lead  remains  in  the  state  of  chloride  or  sulphate,  neither  of  which  are  deeompoiidl^ 
less  a  very  large  excess  of  iron  is  used.  Copper  is  to  some  extent  amalgaaMliiM 
the  greater  part  remains  in  the  waste  and  is  lost.  Consequently  ores  containisgasi 
than  7  per  cent  of  load  or  1  per  cent,  of  copper  are  not  suited  for  treatment  iftik 
method. 

Auriferous  ores  cannot  be  advantageously  worked  by  this  method,  beeuii  tli 
greater  part  of  the  gold  remains  in  the  waste  after  amalgamation.  The  cause  of  Ail 
is  that,  though  gold  unites  readilv  with  mercury,  it  is  less  readily  acted  upon  tha 
the  very  finely  divided  silver  precipitated  by  the  iron  from  a  solution  of  silfer  dikoil 
in  sodium  chloride. 

The  nature  of  the  earthy  ingredients  of  the  ore  has  likewise  some  infiueoee  ii  til 
woridng:  argillaceous  substances  render  the  mass  tenacious,  heavy  spar  malws it  doiii 
calcareous  substances  reduce  the  consumption  of  iron  and  of  mercury  by  decompniit 
the  chlorides,  but  they  also  reduce  the  yield  of  silver.  When  copper  is  used  ftr^ 
composing  the  silver  chloride  a  purer  amalgam  is  obtained  than  when  iron  is  nui; 
but  copper  acts  more  slowly  than  iron,  and  even  when  used  in  large  proportion  iilM 
efibctive  in  extracting  the  silver. 

At  Poullaoucn  in  Brittany  some  of  the  ores  from  the  Huelgoat  mines,  eomiitif 
of  metallic  silver,  antimonial  silver,  and  silver  chloride  disseminated  throogh  nf^ 
ochre,  and  day,  are  treated  in  a  manner  which  combines  both  the  Mexican  and  jBo^ 
pean  methods.  After  the  mechanical  Reparation  of  the  ore,  it  is  mixed  vithihirt 
10  per  cent  of  a  material  consisting  chiefly  of  sodium  chloride  with  some  fenoni^ 
phate,  alum,  and  a  very  small  proportion  of  copric  sulphate.  The  mixture  is  left  It 
several  days  in  tubs  to  allow  the  chemical  action  to  taxe  place,  and  Uien  it  is  tnitiA  j 
with  mercury  in  the  manner  already  described.  ^   i 

The  amalgamation  method  is  now  largely  practised  in  California  and  Nendi  ii  ; 
working  silver  ores,  and  groat  improvements  have  been  made  in  the  mode  of  cmHlr  ^ 
ing.  "LeLTse  iron  pans  are  used  for  grinding  the  ore  with  the  mercuzr  in  placeoftd%< 
and  by  this  means  the  silver  or  its  compounds  are  more  efiectively  bronght  iUo  CA*/ 
tact  with  the  mercury.  The  application  of  heat  in  the  operation  has  also  beea  iivi- 
advantageous  in  some  instances. 

The  cupric  oxychloride  is  supiK>sed  to  result  fh>m   the  oxidation  of  capiMi 
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«,  fimad  is  tba  tint  iuteBca,  togcthar  witli  mBicBToiu  ehloridB,  bj  tlia  Mtion 
tnj  spoB  «iiprie  ddoridB:  aCnCl,  +  SHit  -  UgJSlt  +  SCaCI,  ud  dun 
wd  into  onpriB  o^chlorid*  b;  ■tMorbing  aijgm  trma  the  ■tmosphan :  ICnCt 

.  n-rn  n      • » —  .^  tlii«  Tiaw,  the  utioD  Of  ■odinm  cUoride  in  th»  aiul- 

ppabAbl;  eonnit  diieSj  in  djuolvi: 
■  fcdlifting  its  action  upon  tlie  rilTic  ralplude. 
I  aohitRli^  tl  Kim  chloride  in  a  ■tidng  (olntion  at  Bodium  chloiida  hM  alao 
ikan  adTaobige  of  for  ths  pnipoM  d  extiactiDK  rilm  from  oigMitiftiaaa 
li.  For  this  pmpoM  ths  ntver  ii  oaarerted  into  chlorida  by  naeting  ths 
A  vitii  ndinm  ehknride,  and  tho  rooatad  niMeriftl  ii  tlien  digMtad  with  ft  (otn- 
nlt  in  -woodan  T>ti  nntil  the  silTer  chloride  is  diiaalTed.  Tlu  lolatian  ii  then 
iffaad  pwNed  through  a  aeries  of  Tnts  eontftining  preeipJtBted  eopper,  whioh 
atM  the  tilTor  ftnd  is  itself  dissalTod. 

till  mors  oMipb  and  inexpenaiTe  metliod  of  extractjiig  dWer  from  aigenti- 
eoppar  rtgilnf  i»  based  upon  tJie  aolnbilitj  of  Bilrat  nlpbftte  ia  water, 
I  dieamstaoea  that  this  sslt  nqnirea  a  hiehsr  tamperatnn  tor  deootnpoeilion 
la  other  swliihst«a  aolnbls  in  water  which  ai«  prodoMd  io  lOMtiug  copper 
oraigeatiwaw  iron  pjriitee.  Tbe  snocess  of  ttiis  ueUiod  depends  munly 
w  y*<ff  lOMCln  of  Uie  material  from  which  silrar  has  to  be  cztiacted,  so 
I  -whcta  of  the  ailTer  ma^  be  converted  into  mlphate,  vhile  tlie  enprio  snlphate 
raw  ndpluUe  ptodnced  m  the  earlier  itage  of  the  oiidalion  are  dccompoaed  ot 
ad  into  an  insolnble  state.  Hues  methods  are  applicable  in  the  caw  of  silver 
vridsd  the;  do  not  contain  mneh  lead,  line,  ontimoDT,  or  areenic. 
■•  abetdj  been  mentioned  that  in  imeltina;  atgontiferona  lead  ores  the  nlver 
Btaln  ia  taltsn  np  b;  the  netallie  lead,  and  the  uaaimt  of  Bilver  in  the  lead 
d  Ij  melting  sneh  one  ia  freqaeotly  enfficient  U>  admit  of  its  being  profltKUy 

'      * tinmos  eopper  ores,  wbsn  smelted  in  the  nanal  way,  yieuangalD.* 

md  in  some  instaneea  the  silrer  ia  separated  ttom  the  eoppar  bjr 
II  with  meloUie  lead,  or  with  materials  eonlaining  lead,  muen  in  the 


ing  eopper  are  smelted.    By  tl  ^ 

A  is  obtunad.  and  a  eopper  regmtis  containing  leaa  nlTer ;  but  the  lepara- 
llw  dber  bcm  the  copper  regnlns  is  leldom  effected  completely  onlees  the 
n  ii  potenad  levetal  tunes,  and  then  there  is  always  considerable  loss,  as 
getgt  eonsunptjoo  of  AieL 

M  ugaaUfuoM  copper  rsKnlna  is  sabjected  to  the  tuoel  treatment  for  the  pro- 
cf  malaBie  copper,  the  blaelc  copper  tJina  obtained  contaios  the  silTsr,  and 
ritwu  the  pnetiee  t«  eztiact  the  lilrer  by  melting  the  black  copper  together 
f  l£e  alloy  into  ronnd  cakes,  and  sntjecting  them  to  a  beat  snflcient 


id.  carting  l£ 
iMd.    mi  : 


■  ftasible  alloy  of  copper  and  k 
B  of  ths  cakes  of  alloy  was  earned  ont  in  ikiod  of  hearth,  the  « 
rtiehuTepresenl«dby  flgaSlS,  316,  andSlT- 


nwirta  of  two  low  walls  on  the  top  of  which  are  placed  cast-iron  plates  npoit 
im  ekkw  ot  ftlloy  are  set  on  edge  with  charooat  between  them,  and  a  flte  Is 
tha  udiad  naee  between  the  walla.  The  meltad  aigentifaRnia  lead  raoning 
ni»li<aiilii  p&ead  in  front  of  the  hearth,  is  then  ladled  into  monlda.  In  tbia 
arMt«F  part  of  the  nlTer  ia  aeparated  ftan  the  copper,  bnt  diere  ia  >l«>ya  a 
lAle  kua  of  tlie  metal 


482  SILYEB. 

Ths  ipong^  man  lemainiag  Rlill  coQliLttiB  lead,  uid  for  ita  iBpuRtiai  *  IdglM 
degrae  of  tieU  requires  to  be  applied  In  it,  is  a  furnace  of  Bomavhat  rimilat  iaja» 
tioD,  which  ii  lecnied  a  ureatiag  fnroace.  This  method  of  eitmtiDg  (ilnr  te* 
Qopper  was  Atnaerly  pisctiKad  on  a  large  wale  ia  Ocrman}',  hut  has  DOW  betD  vt] 
genenllj  mperaeded.  and  the  regniui  abtiiiiied  b;  smeUing  orgenliferoiu  eDl^troai 
ii  deiilveriied  before  thu  copper  ia  reduced  to  the  motallic  itate.    (3m  pp.  Il7i  (H) 

The  argoatiferoue  load  obtnined  by  the  operstioa  of  liquation  was  tmted  ia  w 
>ame  maanec  as  that  piudnccd  in  Bmoltlng  atsBUtiferoas  iaail  ores. 

The  oitractioa  of  silver  from  argentiferous  lead  ie  effected  by  eipoHog  Uie  ntW 
meUi!  to  tlie  oxidising  action  of  heated  air;  lend  oxide  ta  thufi  formed,  which  aia 
and  ii  run  oft,  hut  the  ailrer  ia  not  oiidieej  to  an;  coauderableeiteat,  and  BltiaiUlj 
tliegreat«r  port  of  it  remains  in  t^e  metallic  state.  This  openttian  is  termtdcnpil- 
lation,  and  ia  cooducted   in  a  leverberatorv  furnacu  with  n  bed  (d.  figs.  318  to  HOI 


SEPARATION  OP  SILVER  FROM  LEAD. 

•<d  of  bone  tab  beaten  down  into  a  moTeable  iron  framswork,  rppreeenled  ii 
Iwl  •Bction,  fig.  31S,  bj  the  thiok  line*,  and  on  n  larger  scala  by  fia.  321, 

TU  moTMbU  bed  of  the  English  cnnelU"--  '  - :.   ..      .       .       .. 

»  onl  iroa  ring  (aa,  fig.  321)  with  at 
bottom.    A  mixture  of  flnelj 
■ad  bon*  aah,  moiitened  vith  n    i 


pact  mam  io  the  MTitj  of  this 
u,  uid  then  BoonpAd  oat  so  m  lu 
la  bano  («)  and  leave  a  lining 
i)  vhich  eoTera  the  irhola  ot 
iDa  work.  The  appamtnti  oieii 
nii^  the  tart  (nune  u  repre 
d^  fig.  322. 

>t  tlie  wider  end  of  the  test  a 
DO  of  the  lining  ia  loinetiniai 
WSJ  «o  aa  to  leare  a  ipace  be- 
ll the  lining  and  the  nng 
1^  which  the  melted  Iwl 
I  naj  flow  awaj ;  but  it  ib  now 
tuoal  to  bore  aoniB  holen  throngb  the  lining,  nnd 
B  lining  Ut  nch  a  depth  an  ia  required 


a  channel  in  Ibe  upper  edge 


ingehamberofthe  furHRFeisBepHratedrroni  the  fireplace  {i)bj  a 
p(c),  and  tha  hot  gas  puses  OTer  the  test  (n)  through  tlieflueB(EB)  into  tbecbimney. 
nte  the  narrow  end  of  the  tost  there  is  nn  aperture  {r)  iu  the  wall  of  the  furnace 
0^  which  a  blait  tujere  ia  inserUd,  sad  nt  the  other  end  of  the  teat  a  channel  ia 
D  the  bone-aah  lining  of  the  teat,  or  holee  are  bored  in  it,  Ihrongh  which  rhe 
Md  lead  oiide  inns  off.  The  lead  from  vhidi  silver  is  to  be  extracted  is  run 
'  the  taat  from  a  pot  onteids  the  famace,  and  irhils  heating  up  to  the  requisite 
pwitUM,  the  surface  becomaa  coTercil  with  a  grpjiah  crust  of  dross.  Aa  aoon  lU 
Midoiide  roelts  and  the  metal  becomos  TJeiljle,  the  blast  of  air  is  turned  on  to 
'oate  the  oxidation,  and  the  melted  litharge  is  driven  olf  the  surface  of  the  metal 
itcnrrent  of  air  towarda  the  gate  or  ant  let  at  the  oppoaito  end  of  the  teat,  where 
■ioni  into  an  iron  revel  mounted  on  wheels.  As  the  metal  in  the  test  is  redaced 
Ki  WBf ,  fnah  lead  is  supplied  at  interrals,  either  in  a  melted  state  or  hy  slipping 
Itts  of  lead  throngb  apertures  (o  a)  in  tiie  aides  of  the  furnace,  bo  oe  to  keep  the 

"ban  the  opeixtion  has  been  continBed  eo  long  that  the  metal  in  the  test  ia  anffi. 
UjTich  and  contains  about  8  per  cent,  of  silver,  tho  furnace  ia  either  allowed  to 

■od  the  teat  lemoved  with  its  (ontenls,  or  the  metal  is  run  ofl'  by  drilling  a  hole 
le  bottom  of  the  teat  and  mnniug  it  into  moulda. 

^  fbnlier  aepaiation  of  the  1^  is  effected  in  the  aame  manner  upon  a  &«sh 
and  tbo  opartllon  ia  continned  iint4l  the  metal  remaining  is  nearljpura  aiWer. 
point  ia  indieatod  bj  the  brightening  of  the  aurface  of  the  metal.    The  blaat  is 

tsTDid  off  and  the  maea  of  sitrer,  after  being  allowed  to  solidify,  is  removed 
br  mth  the  tett 

hit  vaap*v  Mgalatim  of  tba  tomperature  in  tlus  opraation  i 
F  P 
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fluanea  npoa  the  Iom  of  gilTer  and  Uad.    Whan  tha  hw 
ToUtiliied,  and  vhan  it  is  too  low  the  melted  litbnrge  ii 
ailvei.      During  the  latter  stage  of  the  opeMtion  the  lltbargg  G 
lugar  proportion  of  silver,  nnd  on  this  Biicounl  it  ib  kept  apart. 

The  eilrsctioQ  of  ailrer  from  lead  by  cnpellBitioD  ii  condnoMd  moch  in  tlM  Mine 
mnnner  in  Gcnniiny,  hut  the  fumat'OB  employed  ciiffer  in  having  the  htd  fixed,  and  in 


being  fitted  iritll  a  movabla  tl 
ircn  roof  or  done,  aa  ihown  bj 
figs.  S2S  to  320. 

The  hearth  (S)  of  Ihia  fbnaoa 

was   formerljr   made   of   vaAed 

wood  ashn  mixed  vitll  lolns  lima^ 

but  is  now  generallj  made  of  eal- 

B  marl  beaten   do«a  upon 

the  bricki  (S).  tet  ao  as  to  latm  a 

hemiipherieal     eavily ;     beawrth 

them  IB  a  lajerof  ■lag(4),tsdtb« 

vhole  ia  aupported  npon  a  aolid 

*">■  *^-  fonnilwion  (1)  widi  dannaU  (S) 

tat  the  escape  of  moittun.    The  hack  and  front  elpvationt,  (Bgt.  3SS  aad  124)  ahov 

tht  porition  of  the  voiiinfi  door  (;)  bj  which  tho  lead  is  put  in  irtiile  voiUng,  and  of 

tht  bellows  («),  the  wettagmamt 

bj  whicli  the  dome  (t)  it  taksn 

off',  the  fnmacB  door  (y)  and  tlia 

opening  (t)  through  which  the 

litharge  is  drawn  off  into  nnp- 

tficlas  placed  over  the  pan  (r), 

which  Bsnei  to  colleet  anjtmBg 

that  may  be  apilt 

Id  warldcg  this  fumarea  tba 
charge  consists  of  from  S  to  S 
tons  of  aigeDtifeiooB  Imd. 
Wheu  this  is  melted  down  npon 
the  hearth,  a  peaty  dwk- 
colOQred  scum  collseta  «pon  the 
Bor&ce,  coonatinK  of  a  miztnn 
of  lead  with  matallie  niidc. 
sulphides,  uwnidM  uid  anti- 
monidea,  togethei  with  some  particlea  of  marl  from  tha  hearth.  Aftar  this  aeon  i* 
raked  off,  the  blast  ii  turned  on.  and  tha  heat  increaaed,  a  farther  quantitiy  of  tratiiy 
acum  is  removed,  and  when  the  lend  oxide  formed  is  ■ufSeiently  free  from  impnritJiB,  a 
notch  is  eat  in  the  edge  of  the  hearth  opposita  the  door  (x),  deep  enongh  to  allow  tha 
liquid  litharge  to  ran  ouL  If  the  lead  contains  much  antimony,  the  heat  ntllt  be 
raised  Tsiy  gradaally  to  enaore  tba  oxidatJon  of  tha  antimony,  wlueh  is  then  aeparatad 
Bft«r  the  removal  of  the  dark.frothy  scum  in  the  state  of  lead  Bntimoniate,  praawiting 
k  greenish-brown  colour. 

During  the  operation,  the  meltad  litharge  should  form  a  rins  abont  flftaan  inches 
wide  ronQi]  this  metal,  and  this  is  regulated  by  cuttine  tha  notim  deeper  aa  tha  lead  ia 
oxidised.  The  bUsc  riionld  be  directed  upon  the  enrikca  of  the  metal  by  a^jnatiBg 
the  tuyeres  (n  n)  so  as  to  cnuse  a  slight  usdaUtion,  and  drive  the  malted  Uthuge  to- 
wwda  the  edgea  of  the  hearth.    Towards  the  end  of  the  opention,  wfara  bst  littlt 
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Ind  ranaanM  nnoxidifled,  the  tempentnre  requires  to  be  increased  in  order  to  prevent 
the  metal  from  solidifying. 

Hie  material  of  which  the  hearth  is  made  absorbs  a  large  quantity  of  lead  oxide, 
and  often  contains  from  58  to  65  per  cent,  of  lead  with  some  silver ;  it  is  therefore 
smelted  together  with  lead  ores.  The  actual  loss  of  lead,  chiefly  by  volatilisation, 
amounts  to  about  8  per  cent.,  and  the  loss  of  silver  is  about  0*5  to  0*75  per  cent,  of 
the  quantity  in  the  lead  operated  upon. 

The  loss  of  silver  experienced  in  extracting  this  metal  from  argentiferous  lead  by 
cupellation  is  chiefly  due  to  the  retention  of  some  silver  by  the  lead  oxide.  The 
extent  to  which  this  takes  place  depends  very  much  upon  the  temperature  at  which 
the  operation  is  conducted,  and  likewise  upon  the  rate  at  which  the  melted  lead  oxide 
is  allowed  to  flow  away.  The  higher  the  temperature  and  the  more  rapidly  the  opera- 
tbn  is  carried  on  the  greater  is  due  proportion  of  silver  carried  off  in  the  lead  oxide ; 
but  the  longer  the  lead  oxide  remains  in  contact  with  the  metal  the  smaller  is  the  loss 
of  silver  in  this  way. 

The  silver  thus  obtained  is  called  brightened  silver;  it  usually  contains 
about  6  per  cent,  of  impurities,  chiefly  consisting  of  lead,  copper,  bismuth,  arsenic  and 
other  metals,  and  the  separation  of  these  is  effected  either  by  exposing  it  in  a  melted 
state  for  some  length  of  time  to  the  action  of  an  oxidising  atmosphere,  or  by  melting 
the  silver  in  crucibles  with  an  oxidising  flux. 

Much  of  the  lead  obtained  on  the  continent  by  smelting  in  shaft  furnaces  is  very 
impure,  containing  copper,  zinc,  iron,  antimony,  and  arsenic,  in  considerable  propor- 
tioiis,  aind  it  is  by  the  oxidation  of  these  metals  at  the  commencement  of  the  cupella- 
tion that  the  dark-coloured  scum  is  produced.  In  extracting  silver  from  lead  of  this 
kind,  the  entire  quantity  of  lead  treated  in  one  operation  should  be  placed  on  the 
hearth  at  once  if  it  be  desired  to  obtain  pure  litharge  as  a  product,  for  if  the  lead 
wvre  added  in  successive  portions,  the  impurities  it  contains  would  be  to  a  great  eX" 
tent  mixed  with  the  whole  of  the  litharge. 

The  following  table  gives  the  composition  of  the  scum  formed  during  the  earlier 
stage  of  the  cupellation. 


Pontgibaud 

Poul- 
laonea 

Kat  sen- 
thai 

Freiberg 

YUlefort 

Lead     .        .        .        . 

Lead  oxide    . 

Ciipnc  oxide 

Zinc  oxide 

Ferric  oxide  . 

Antimooic  oxide    . 

Antimony  teroxide 

Arsenic  oxide 

Snlphnr 

Cartxm. 

ffilioa,  alumina,  etc. 

23*0 

531 

11 

4-6 

5*4 

0-5 
3-0 

5*6 

89-5 
0*2 
1*5 
2*6 

0*7 

63*6 

70 

28-6 

1-6 

67-6 
0-4 
0-2 
4*4 

19*2 
0-3 

7-6 

955 
0-5 
11 
0*8 

2*2 

82-0 

17-6 
0-4 

96*8 

94-5 

100-8 

99-7 

99*6 

1000 

It  is  evident  from  the  composition  of  the  products  comprised  in  the  above  table, 
that  in  extnicting  silver  fh)m  lead  by  cupellation  there  is  at  the  same  time  a  very 
eonsiderable  separation  of  the  foreign  metals  with  which  it  is  associated.  The  result 
ii  doe  in  some  cases  to  the  solvent  action  of  the  lead  oxide  formed  during  the  opera- 
tioo  upon  the  oxides  of  other  metals  such  as  copper,  zinc,  tin,  antimony,  etc. 

Li  Older  to  extract  silver  from  ai^entiferous  load  by  this  method,  the  lead  should 

eontain  less^  than  about  8  ounces  of  silver  in  the  ton,  otherwise  the  value  of  the 
obtained  is  not  siifficient  to  cover  the  cost  of  the  operation  and  of  the  subsequent 
ndnetion  of  the  lead  oxide  produced.  A  very  large  proportion,  however,  of  the  lead 
pfodnoed  contains  a  much  smaller  amount  of  silver,  varying  from  mere  traces  to  3  or 
4  ouioea  in  the  ton,  and  formerly  the  silver  in  such  poor  argentiferous  lead  was  not 
obtainable,  until  early  in  the  present  century  another  method  was  accidentally  dis- 
eovered  by  "Mr.  Pattinson,  which  admitted  of  much  smaller  quantities  than  8  ounces 
m  the  ton  of  lead  being  profltably  extracted. 

When  argentiferous  load  is  melted  and  allowed  to  cool  gradually,  crystals  are 
ftmied  which  sink  to  the  bottom  and  contain  much  less  silver  than  the  metal  which 
imains  liquid.  Advantage  was  taken  of  this  fact  l^  Hr.  H.  L.  Pattinson  as  a  means 
te  fflbeting  the  separation  of  silver  from  load,  and  it  had  the  merit  of  being  appliea- 
Ua  to  lead  containing  only  such  amounts  of  silver  as  cannot  be  profitably  extracted  b^ 
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Uta  copsllntion  method.    Thia  method  ia  now  eitennTcly  employaditBd  k« 
quantity  of  nirec  is  that  obtained  vhicb  would  otherwise  be  nnsnulabla. 

The  opention  is  conducted  in  &Beris-<  of  hemiipberical  cast-iron  pana,Mtdl  fr*^" 
nr  holding  S  or  B  tons  of  lead,  nnd  arranged  in  the  manner  rsprsaented  by  flgi.  S3T 


dipping  out  the  lea<l  cryetals.  A  qmintilj  of  lead  ia  melted  in  one  of  the  psna  at  tha 
centra  of  tho  aerifs.  and  the  droes  collecting  at  the  surface  of  thelianldmstaldciiniBBd 
off.  The  fire  is  then  fnlhdrawn,  and  whilo  the  mailed  lead  is  cooling  itisstiired  with  an 
iron  rod  to  promote  cryalallieatian.  Ab  aoon  aa  a  anfflcient  qnantily  of  djatala  ham 
been  furmei£  the;  are  dipped  ont  bj  meana  of  a  perfbmted  iron  ladla  (fl^  SS9},  and 
tranaferred  to  the  pot  on  the  right  hand  of  the  workman,  care  being  t^e&  to  dznln 
awnjr  from  the  CT}*stii1a  as  mnch  aa  posaible  of  the  liquid  metal  adhsriDg  to  tham. 
This  operation  is  continued  nntjl  three-fourths  or  moTSof  the  metal  has  been  nrnoTwl 
from  tJie  pan,  and  then  the  liqnid  portion  ia  transferred  to  the  a^raning  pan  on  the 
left-band  aide.  In  this  wij  tho  meuil  is  aeporated  into  two  poitioni,  one  coutuntng 
double  or  more  than  double  the  amonnt  of  Bilier  originally  in  the  lead,  and  the  other 
conaiderably  leas.  The  precise  eilent  to  which  the  metal  la  allowed  to  crjatallise  and 
then  temoTed  from  the  liquid  portion  depends  apon  the  amonnt  of  silTsr  in  the  lead 
operated  upon.  With  rery  poor  lead  a  larger  proportion  ia  taken  ont  of  the  p&n  in 
the  form  of  eryatals,  and  with  It^d  containing  much  silver  a  smaller  proportion  ii  aepa- 
rated  in  the  cryatallised  state.  Tn  the  former  cose  aa  much  as  aeTon-eighths  of  the 
metal  is  aeparated  in  the  crystallised  state,  and  this  method  of  working  is  technioUj 
termed  the  low  systsm;  with  lead  richer  in  silrsr  as  little  aa  twti-thiids  of  tlie 
metal  is  dipped  out  in  the  crystallised  state,  and  this  is  termed  the  high  STstem; 
the  whole  of  the  lead  under  treatment  being  then  kept  in  the  pans,  of  vhieh  t«B  or 
fifteen  an  required.  In  the  low  system  of  working  a  smaller  □umber  of  pans  are 
used,  and  a  considerable  part  of  the  crrstala  separated  are  laid  aside  and  kspt  until 
there  ia  a  sufficient  quantity  for  the  full  charge  of  the  pota. 

The  same  apemtion  la  oirned  out  witJi  the  metal  id  the  other  pans  right  and  left 
of  the  one  iu  which  the  first  portion  of  lead  is  crystAllised ;  and  by  this  modaof  voik- 
ing,  the  metal  finally  transferred  to  the  last  pan  to  the  right  of  the  aeriea,  it  almost 
free  from  ailrer,  while  that  in  the  last  pan  to  the  left  will  contain  as  much  as  0*7  to 
I  per  cent,  of  silver,  or  between  ZOO  and  300  Troy  ounces  per  ton.  This  amtrnxt  to 
be  about  the  eitant  to  which  the  concentration  of  the  silver  can  be  carried  witli  pne- 
lical  advantage  by  the  application  of  Pattinson's  process  to  aij;entiferou  lead.  In 
regard  to  this  point  C,  Reich  has  shown  that  when  the  lead  operated  Upon  contains 
1-442  per  cent,  of  silver  the  crystallised  portion  contSiins  0682  percent,  and  tha  liqnid 
portion  I  922  per  cent,  butwhen  the  silver  in  the  lead  operated  upon  amounts  to  3*09  per 
cent,  the  cryatallised  portion  contains  2'011  per  cent,  and  the  liqnid  portion  contains 
2'!6D  per  cent.  Moreover,  the  separation  of  the  liquid  metel  from  the  crystals  beeomea 
more  difficult  aa  the  amonnt  or  silver  increaaea,  and  when  it  is  aa  much  at  S'3  per 
cent,  there  ia  a  tendency  to  the  solidification  of  the  whole  moas  of  metal  at  once. 

The  eepuration  of  silver  from  lead  by  Pattinson's  method  depends  upon  the  cir- 
enmaUnce  that  the  melting  point  of  an  alloy  conaiating  of  load  with  only  a  amall 
proportjon  of  silver  is  less  than  that  of  lead  itself,  and  consequently  this  aUojienuint 
liqui '.  while  thn  lea'l  aolidifics  in  the  form  of  granular  crystals. 

Tlie  eiumt  to  which  silver  CAn  be  thua  sxtmcted  from  lead  does  net  in  any  case  go 
hityond  the  limit  of  half  an  ounce  per  ton,  and  the  lead  operated  upoD  ID  tliia  «aj 
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M  nerer  zetainmore  than  that  amoant  of  silver ;  but,  taking  into  account  the  cost 
le  operation  and  the  loss  of  metal  attending  it,  as  well  as  the  production  of  dross 
odation,  it  is  but  zarelj  that  lead  -with  so  small  an  amount  of  silver  as  2  ounces 
90  eu  be  profitably  irorked  in  this  way,  so  far  as  separation  of  the  silver  alone 
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oemed.  When  the  silver  amounts  to  3  ounces  per  ton,  its  extraction  by  the 
isOD  method  is  practicable,  and  consequently  tliis  method  can  be  worked  in  many 
tees  where  the  cupellation  of  lead  would  not  bo  applicable.  (See  p.  435.)  A 
T  advantage  of  tne  F&ttinson  method  is  the  purification  of  the  lead  by  the 
bg  action  of  the  atmosphere  upon  the  melted  metal ;  at  the  same  time  the  loss 
1  is  very  much  less  than  it  is  in  cupellation. 

le  extent  to  which  oxidation  takes  place  during  the  treatment  of  lead  by  Pattin- 
ncfthod  varies  according  to  the  amount  of  silver  and  other  metals  in  the  lead ; 
•  ftTsrage,  it  is  sufficient  to  produce  a  quantity  of  dross  amounting  to  from  one- 
0  one-third  the  weight  of  the  lead  operated  upon.  This  dross  is  skimmed  off  and 
tide  far  reduction  in  the  same  manner  as  litharge  or  the  pot  drosR  obtained  in 
ig  lead  The  oxidation  that  takes  place  during  tlio  dosilvering  operation  has  the 
of  parifyiog  the  metal. 


Fio.  329. 

ht  arrangement  of  a  series  of  ten  pans  is  shown  at  different  levels  by  the  hori- 
l  ]^  {igB.  327  and  328) ;  fig.  330  reprcHents  a  portion  of  the  range  of  pans  in 
Citieetion  longitudinally,  showing  the  mode  in  which  the  pans  are  heated,  by  fines 
1^  Rmod  them,  and  figs.  331  and  332  show,  in  transverse  Kections,  the  fines  Icad- 
«V|  the  sides  of  the  pans  into  the  main  fine  communicating  with  the  chimney. 
■t pot  on  the  right  hand  is  called  the  market  pot,  since  it  is  the  final  recep- 
tf  toe  deeilverized  lead,  which  is  ladled  from  it  and  cast  into  pigs.  The  pots  on 
^ hand  of  this  one  are  called  working  pots. 

LONornmiNAT.  hkction  at  a.  n. 
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r  Ikmowiog  table  of  analyses  by  Strong  of  lead  desilverised  by  this  method  will 
I  ghnm  the  pioportaons  of  other  metals  it  contains : 


SEPARATION  OP  SILVER  FROM  LEAD. 


l«H  raaddetsble  max  and  Uai  of  the  pans,  dnd  senral  attntnpta  have  itta  nuda 
MOMmiw  Isbonr  ty  ftdapting  mMhinBij  for  this  purpose  sod  for  ths  rtjiring  of 
'—d  vhil*  it  M  cooliDg.  Tha  appustiu  repnaented  by  fig.  333  hu  baen  intio- 
.    It  cr----  -  -  -'-'•  ■  


m1  «i(h  llUB  olq'act. 


of  k  vindUaa  and  cisna  (a  i)  ao  placed  that  a 


■  Bttadwd  to  the  ahank  of  the  ladle  ia  woond  up  on  the  windlaaa,  and  tha  ladle 
n  an  BUcd  witli  ojataU  ont  of  the  pana.  Tha  vorkmen  guide  the  handle  of  the 
tHM  place  it  nnderthe  catch  («)  while  the  dTatalsaredrainiDg.  aod  then  bytnni- 
tha  QUM  tha  ladle  is  lendilj  moved  nntil  it  comes  orer  the  a^joimcg  pan,  into 
fc  the  dTatula  an  to  be  transferred.  Wonile;'!  apparatus  far  atirniig  me  metal 
fata  of  a  Toitieal  shaft  rnnning  in  a  step  at  tha  bottom  of  the  pan  and  fnmiBhed 
.  ladiating  anoa.  The  lead  was  melted  in  a  separata  pan  and  then  mn  into  the 
lilliiing  T— el,  and  vhen  the  CTTvtBllisation  hnd  gone  far  nDougb  the  enriched 
d  nuttl  va>  dnwn  off  into  monlds  thraugh  tapping  holea  at  the  aides  of  tbe 
JaUJKng  TBoal.  Thia  mode  of  workiDg  has  not  aa  jet  prored  ancceeaful. 
Vhan  lead  and  line  are  melisd  and  stimd  u^her  and  then  sIotIj  cooled,  tJie 
■Mhila  Mpuata  almost  completelj ;  the  cine  beiog  specifically  lighter  than  lead,  it 
eta  at  tha  anrface  of  tha  lead,  asd  having  a  higher  melting  point  it  solidifiea  tint, 
hdaa  obaarred  that  bj  treating  aigeiitifeTOnB  lead  ia  Uiis  nj  the  silrsr  waa 
nUd  from  the  lead  and  rataiaed  bj  tha  nnc. 

M  opwtattag  npoD  lead  bj  thia  meUiod  tiro  caat-iron  pani  are  used ;  one,  capable 
i&ig  aeTanl  tona  of  lead,  tta  matting  the  lead,  and  the  other  one,  of  much  amaltei 
■iioB%  for  melting  the  line.  The  temperature  of  the  melted  lead  ia  raised  to  the 
ing  point  of  line,  and  then  about  a  twentieth  of  its  weight  of  melted  liuc  is  ladled 
rttite  amall  pot.  mixed  with  the  lead,  the  whole  veil  stirred,  and  then  allowed  to 
padnally.  When  tha  linc  has  solidified  at  tha  aur&ce  it  ia  skimmed  oET  with  a 
mtad  ladle,  and  the  lead  remaiaii^  in  the  liquid  state  contains  about  half  an 
•  of  lilvtr  per  ton. 

la  metal  skimmed  oET  retaina  some  lead,  and  to  aenrate  this  it  is  heated  to  a 
enton  abore  the  melting  point  of  lead,  bnt  not  ao  high  aa  the  melting  point  of 
in  a  caat-iron  retort  set  orer  a  i\imace  and  inclioed  so  that  the  lead  sapatating 
{nation  mna  into  a  cast-iron  pan  placed  at  the  end  of  the  retort,  and  ia  aet  aside 
Bthar  Ileal II will  with  line.     When  the  alloj  of  eidc  and  biIfbt  has  bean  in  this 
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wtLj  drained  of  lead,  it  is  distilled  -with  lime  and  charcoal  in  a  retort  so  as  to  ^stil 
off  the  sine  from  the  silrer,  which  is  much  less  volatile.  The  chief  diiBcnltj  en- 
ooantered  in  working  this  process  is  in  the  serration  of  sine  from  the  dealverised 
lead.  The  nse  of  superheated  steam  as  an  oxidising  agent,  introduced  for  this  puv 
pose  by  Cordnri^  in  1866,  has  been  found  effectual ;  and  lead  containing  0*75  per  cent. 
of  zinc  has  been  purified  in  this  way  so  as  to  retain  only  mere  traces  of  adnc 

The  extraction  of  silver  from  black  copper  by  the  method  of  liquation,  which  was 
formerly  the  only  way  of  effecting  the  separation  of  these  metals  on  a  large  scale,  is 
now  very  rarely  practised,  and  the  method  of  amalgamation  by  which  it  was  super- 
seded hius  likewise  been  to  a  great  extent  discontinued  in  favour  of  methods  of  tx«at- 
ment  which  are  more  economical.  In  most  instances  the  desilverising  treatment  is 
carried  out  with  the  copper  regulus,  consisting  chiefly  of  cuprous  sulphide,  and  con- 
taining the  silver  in  the  state  c^  sulphide. 

In  order  to  extract  silver  as  silver  chloride  from  argentiferous  copper  reg^us,  it 
is  first  ground  to  a  fine  powder  and  roasted  in  a  reverberatory  furnace,  until  all  the 
silver  is  converted  into  sulphate,  and  the  other  metals  are  in  the  8tat«  of  oxides  or 
insoluble  basic  sulphates.  On  treating  a  portion  of  the  roasted  material  with  water, 
it  should  yield  an  almost  colourless  solution  that  gives  a  precipitate  of  silver  chloride 
on  adding  a  few  drops  of  hydrochloric  acid.  The  mass  is  then  removed  from  the 
furnace  mixed  with  from  1  to  6  per  cent,  of  sodium  chloride,  and  again  roasted  at  a 
temperature  barely  approaching  redness,  in  order  to  avoid  loss  of  silver  by  volatilisa- 
tion as  well  as  the  melting  of  tJiie  chloride.  If  the  copper  regulus  operated  upon  be 
free  from  lead,  zinc,  antimony  and  arsenic,  and  the  first  roasting  has  been  properly 
conducted,  the  product  of  the  second  roasting  will  contain  but  little  iron  and  copper 
in  the  state  of  chlorides,  but  the  whole  of  the  silrer  will  be  in  that  state.  It  is  then 
lixiviated,  while  hot,  with  a  concentrated  solution  of  sodium  chloride  in  tubs  fur- 
nished with  false  bottoms  covered  with  filters  of  linen  cloth.  These  tubs  (a  a,  fig. 
334)  are  placed  on  a  truck  {d)  mounted  on  wheels  and  running  upon  rails  (ee)  so  that 
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Fig.  334. 

they  can  be  transferred  to  a  gallery  (bb)  underneath  a  trough  (0)  by  which  the  sodium 
chloride  solution  is  run  in  from  a  cistern  (f).  This  solution  is  heated  by  steam,  and 
in  filtering  through  the  roasted  material  in  the  tubs  dissolves  the  silver  chloride. 
After  escaping  from  the  lower  end  of  the  tubs  it  passes  by  the  trough  (g)  into  a 
tank  (A,  fig.  335)  situated  at  such  a  level  as  to  supply  the  tubs  (t  1 1 1)  in  which  the 
silver  is  precipitated  by  copper.  The  liquid  is  then  run  off  into  the  tubs  {lit)  also 
containing  finely  divided  copper;  afterwards  passing  through  two  more  rows  of 
tubs  (m  and  n),  containing  scrap  iron  to  precipitate  the  copper,  into  the  tank  (o), 
which  also  contains  some  scrap  iron,  and  it  is  then  pumped  up  into  the  reservoir  (p). 

When  the  material  in  the  tubs  has  been  extracted,  it  is  washed  with  water,  and 
for  this  purpose  the  tubs  are  transferred  to  the  tram  road  {e)  beside  the  dstems 
(q  r  s),  the  last  of  which  contains  clean  water,  while  the  others  contain  water  that  has 
been  used  once  or  more  for  washing  the  contents  of  the  tubs.  Each  tub  is  first  filled 
from  the  cistern  {q)  and  the  liquid  allowed  to  run  into  the  trough  (g),  then  from  the 
cistern  (r),  and  the  liquid  run  into  the  tank  (0  is  pumped  up  into  the  cistern  (q\  then 
^m  the  cistern  («)  and  the  liquid  run  into  the  tank  (u)  is  pumped  up  into  the  cistern 
(r).  The  tubs  are  then  carried  forward  and  tipped  over,  so  as  to  discharge  their 
contents  upon  the  table  (to)  through  the  opening  {t  z). 

The  extracted  residue  should  not  contain  more  than  003  per  cent,  of  silver,  and 
when  the  amount  is  greater  it  is  again  roasted  and  lixiviated,  otherwise  it  is  treated 
for  the  extraction  of  copper,  as  already  described.  The  precipitated  silver  collectine 
in  the  tubs  (t  and  I)  is  in  the  form  of  a  fine  crystalline  powder.    It  is  removed 
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r  precipitated  c«ip«c  in  the  tuba  (mn)  is  Bgoin  uwd  for  predpiUtiDg  silTU, 
B  liquid  oontsining  sodium  8nlphat«  vhich  is  transfeiTed  to  the  tank  (p)  is 
Tiiporatsd  for  the  sake  of  obtainiDg  th&t  salt. 
Block  capper  ia  sometimes  treated  b;  this  method  for  the  purpase  of  eitTBctiog 
the  nlrer  it  coDtaios;  the  metal,  which  should  no!  contain  more  tbui  about  10  per 
cent,  of  lead  or  uitimonj,  is  crushed  to  a  Buepoirder  and  roasted  irith  sodinin  chloride 
for  mtbtkI  boon,  with  constant  stirring  meanwhile.  I>nring  the  latter  stage  of  tbe 
roasting  the  bent  is  increased  for  the  pntrioee  of  decomposing  aDtimODial  compouDd& 
The  roasted  material  is  then  flnelj  powdered  and  liiiriatad  with  sodiom  chloride 
■oIntioD  in  the  manner  alreadj  described. 

The  treatment  of  HrgentifcrooB  Bpeise  is  mors  dtlGcult  on  account  of  tbe  Bntimon^ 
and  arsenic  which  this  produ  it  often  cuQtains,  and  long  continued  roaeting  is  requisite 
in  preparing  the  material  for  liiiTiatiou. 

Sodium  thioaulphale  is  sometimes  used  instead  of  sodium  chloride  for  dissolriag 
«i]Ter  in  tbe  state  of  chloride,  and  this  method  of  treatment  has  been  found  adrnu- 
tageons  in  working  the  rich  silver  ores,  ooutainingcobalt and  nickel,  which  occur  in 
the  DMghbouibood  of  Joachimatbat  in  Bohemia.  The  ores  are  coartetj  powdered  and 
vooated  in  rsrerlieralory  furnaces  for  several  hours  in  contact  with  stenm.  The 
>«sated  material  is  then  ground  up  with  from  t  to  10  per  cent,  of  aodinm  chloride^ 
«U>d  if  nqoiaile  lome  ferrous  aolphato  in  mixed  with  it.  After  roasting  this  mixture 
again  in  contact  with  steam,  tbe  eilver  should  be  slmost  entirely  eitrocted  by  solu- 
Uon  of  Mklium  tliiosulpbate.  The  mass  is  then  sifted,  moistened  with  water,  and  left  for 
n  time,  in  oidnr  that  the  silrer  may  be  more  cotnpletply  convertoil  into  chloride ;  it  is 
t.hea  wnshed  with  hot  water  to  remove  salts  of  iron,  cobalt,  nickel,  one,  copper,  and 
laad  ;  a  small  qnantity  of  otlrer  ia  also  eitracted  at  the  same  time.  The  washed 
material  ia  then  mixed  with  a  cold  dilute  solution  of  sodiom  tbioaulphate  which  dis- 
aolrcB  the  silrBrchlori<le,and  after  separating  this  solution  from  the  residue,  the  eilier 
ia  precipitiited  as  sulphide  by  adding  a  solution  of  sodium  sulphide  i  the  silver  sni 
bhide  is  collected,  wsshsd,  and  dried,  and  then  melted  with  iron,  to  separate  tbe  silver 
ID  the  metallic  stale. 

The  ose  of  sodinm  Ihiosnlphnte  as  a  solvent  of  silver  chloride  in  tbe  treatment 
of  srgentifeniiis  capper  regnlnn  is  more  adrantagsoos  than  that  of  sodiam  chloride, 
flince  it  dissidves  the  silver  chloride  in  much  larger  proportion^  consequently  the 
volume  of  liquid  to  be  dealt  with  is  relatively  much  amaller.  and  the  operatioa 
requires  leas  time- 
In  procipitating  the  silver  as  enlphide,  by  adding  solution  of  sodiam  sulphate. 
%Kb  thioeulphate  is  left  in  solution,  and  can  be  nsedagoin  in  aubsequent  operations  on 
ftcah  qnanlities  of  roasted  regulus. 

Id  both  tbeae  methods  tbe  result  of  the  first  roasting  of  the  copper  regnlus  ia  to 
ooDTert  the  silver  into  the  state  of  (ulphal^,  which  ia  ■  salt  sufficiently  soluble  to  be 
«itract«d  with  water  alone. 

When  the  nlvar  ii  eztraciad  by  diasoiving  it  in  the  (tat«  of  sulphate,  tba 
caliper  regnlu*  ia  roaatad  in  donbla  reverberotorj  fonacea  of  the  kind  n-preaented  by 


figs.  SS6  tc 

of  loam,  and  iiboTe  the  meh  which  forma  the  woi-tingch .    , 

^■o  ooTered  with  on  arch  &iid  commuDicaliDg  with  the  lower  b«uth  b;  tha  ehuiwl 
(a),  which  it  eloasd  b;  *  lid  it  the  upper  end   ai  ahown   in  tg»   837  and  US. 


The  lowar  working  ehambei  alio  commameatM  hj  neu*  of  the  flae  (i)  vith 
thf  condenaation  ehtunber  {dJd}  tnd  this  flue  is  proTidsd  with  a  damper  (e)  by 
which  it  can  be  cloeed  The  upper  working  chamber  o 
dsnsing  chamber  bj   the  flue  ( 
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ud  ipps  hnrtlu  an  prarided  with  ropporU  fbr  toots.  Tha  aih  pit  (g)  com- 
moDualM  bj  the  opening  {x)  with  the  tunnel  (i),  ronning  beneath  saTenl  of  tluae 
(itiiiiai,  ua  ttia  opening  (2)  can  be  cloeed  b^  a  lid  (t)  worked  by  the  rod  (A)  to 
— '-■-*■--  -'—-—' -J]  of  air  beneath  tJie  fire-grate.     The  aihet  are  ramored  occKsion- 


'•■m 


^  throngji  til*  door  (<}.  The  Dondenmtion  ehamber  {ddd4)  commiuiicatea  by  the 
^WtieU  flna  ((,  flgs.  338  and  339)  with  the  homonUl  floet  (///],  which  are  oovend 
^itll  iron  platea  and  eerre  fur  driring  the  d«ilTerieed  materi^. 

!nw  nut«d  material  when  cold  ie  liiiTiated  with  water  at  K  tempentnra  of  70° 


iU  SILVBK. 

in  tnba  (i,  Sg.  S40)  fitted  Tith  false  batioms,  esTeral  of  ihaa  being  placed  in  k  row 
no  thu  vftt«r  or  dilute  anlphuric  add  con  be  ran  inUi  them  from  the  leaden  pipe* 
(b  and  a).  The  aoLntioa  of  eilrer  aulphale  nmning  one  &om  the  boUom  of  tbaoe  tnb* 
pmiHs  into  a  wtCling  tank  divided  into  two  paru  (b  and  c)  by  a  Tertical  putilJiM, 
then  through  a  row  of  tube  corresponding  to  n,  containing  prscipitAted  copper  for 
lion  of  the  silTer,  The  liquid  diacharged  from  tlieea  tnba  doea  not  coo- 
Wer,  but  it  is  again  brooght  iota  contaot  with  ahseta  of  copper  in  Um 


long  tank  (e),  and  in  the  tuba  of  the  row  corresponding  to  (r).  fnnn  which  it  ij  n 

off  through  the  troogh  (^)  into  a  raaervoir,  and  pumped  up  again  for  further  um. 

The  FOppi^r  regulus  operated  upon  ahould  eontjiin  about  SO  per  cent,  of  c< 


9  time  to  prevent  the  formation  of  lumps  rd 


De  contuning 


cent,  of  coal,  and  well  s 
baaic  ferric  sulphate. 

A  certain  amouut  of  ferrous  sulphide  ia  requieite  to  facilitAte  the  formation  <^ 
cuprio  eulphatB,  but  when  the  miitenal  operated  upon  contains  much  more  than  11 
per  cent,  of  ferrous  eulphido.  and  but  little  cuprous  sulphide,  the  aiWer  cannot  be  so 
completely  converted  into  sulpliate.  Tlie  presence  of  lead  sulphide  or  autimoDous 
Bulphide  in  the  re/^lus  interferes  with  the  formation  of  iHlrer  sulphate  b;  caunng  the 
material  to  cake  in  roasting.  Metallic  zinc,  antimon]',  or  arsenic,  also  orase  \oa  of 
ailrer,  either  by  TolatJliantion  in  the  roasting,  or  by  the  formation  of  silver  antimonate 
and  silvpr  arseuate,  which  ore  not  readily  decomposed  bv  sulphuric  add.  For  Uiese 
reaaons  the  extraction  "t  silver  as  sulphate  is  not  applicable  to  ores  or  other  m 
which  do  not  contain  copper  combiued  with  sulphur, 
arsenic,  antimony,  zinc,  or  lead. 

Silver  is  sometimes  srpamted  fhim  copper  legulus  by  means  of  hot  dilute  snl- 
phurie  add.  The  regulns  to  be  treated  in  this  way  should  not  contain  much  iron  ; 
It  is  roaated  in  the  state  of  powder,  and  then  mixed  with  the  acid  in  wooden  tubs  into 
which  steam  is  forced,  to  heat  thp  liquid.  The  eiipcic  oxide  in  tlie  roasted  matenal 
is  thus  dissolved  as  sulphate,  while  the  silver  is  almost  entirely  left  in  the  reaidne, 
together  with  ferric  oxide,  antimonates,  and  any  gold  that  may  be  preaeat.  The  soln- 
tion  of  cupric  ■nlpfaata  is  drawn  off  and  crystallised,  and  the  orgentiferons  rtsidae  i« 
either  melted  with  lead,  or  the  silver  is  extracted  in  the  wet  way. 

Argentiferous  black  copper  is  also  treated  i  n  a  similar  manner  with  dilate  sulphurio 
add  in  ordrr  to  sepaiate  the  silver  it  contains. 

The  cuprous  iron  pyrites  employed  as  a  source  of  sulphur  in  the  manufacture  of 
sulphuric  acid  utiao  contains  a  small  proportion  of  silver,  and  in  trealin^  Ihp  bamt 
pyrites  for  the  extraction  of  copper  (p,  41 7)  the  silver  it  contains  is  now  aepanted  by 
a  method  introduced  by  Mr.  CInudet.  In  roasting  the  burnt  pyriteii  with  sodium 
chloride  the  silver  is  converted  into  chloride,  and  sufficient  sodium  chloride  remains 
nndecompoaed  to  dissolve  the  silver  chloride  when  the  roasted  material  is  extiaeted 
with  water.  The  liquor  obtained  bj  liiiviation,  containing  about  throe  grains  of  silver 
in  the  Gallon,  is  mixed  with  a  sufflcieTil  qunntity  of  n  Bulublc  iodiJe  to  convert  tie 
wilrer  into  iodide,  and  when  left  to  settle  a  predpitate  is  deposited,  consisting  of  lilval 


REFINnfO  OP  SILYEE. 


MS 


ladldik  iMd  ohlotida,  lead  salphato,  and  caproni  nlti.  The  clear  liquid  is  thsD  ran 
•IS,  utd  the  pradpitste.  sft«r  being  vaehad  with  diluu  bjdrochloric  add  to  remotg 
eoppR,  ie  deeompofled  with  metallic  boc  S^  this  mfaos  aac  iodide  is  (drmed  which 
nn  he  noad  lor  treating  freah  qnantitiM  of  liquor.  Had  the  bjItbt  ii  aeparated  in  til* 
matallic  state,  together  with  aome  lead,  bjr  the  decompoiitioa  of  lead  diloride  b;  the 

RBFanno  ox  SiLTiE.--The  gilvor  oblnineii  hj  cupellation  of  argontiferoug  lead 
gtnenlljr  retaina  a  cartAin  amonnt  of  imparity,  for  the  Mparatioo  of  irhich  it  ia  some- 
timaa  anbjectM  to  further  treatment  in  a  reverberatory  furnace  vith  a  flied  conoare 
hearth  fbnned  of  a  layer  of  marl  with  n  layer  of  clay  and  broken  brieke  beneath  it. 
The  charge  conaiating  of  aboDt  a  ton  of  aiWeT  ia  pUced  on  thii  hearth,  corered  with 
nme  ooal  doat  or  ch^coal,  and  slowly  malted  down  ;  the  melted  metal  ia  then  stirred, 
the  droM  akimmed  off,  and  some  bone  ash  thrown  npon  the  aurface  ;  Bometimea  a  blast 
of  ail  IB  applied  to  bdlitate  the  oiidBtiDn  of  the  impurities,  and  when  the  ailver  baa 
beeD  kept  in  Cbia  state  for  aeveral  holing  it  is  ladled  ont  into  ingot  monlds. 


I  QiB  precipitate,  tc 


re  also  employed 


dioH  formed  by  the  oxidation  of  the  copper  pi 
calfdom  srdphate  and  other  snbetAnces, 

Smaller  fnmaces  which  have  moveable  heartlia  formed  of  bone  ash . 
Ibr  reBning  siWer,  and  the  operation  ia  carried  out  almost  exactly  in 
as  the  enpellation,  but  aa  tJic  proportion  of  lead  oxide  formed  in  much  smaller,  it  is 
chiefly  absorbed  by  the  porons  material  of  which  the  teat  ia  conatnicted  The  lose  of 
ailver  by  rolatilisation  ia,  however,  aometjmes  conaiderBble  ;  and  it  is  largfA  when  a 
blast  of  air  ia  nsed  and  the  ailver  operatfld  upon  contains  mnch  antimony  or  olber 
TolBtiliaable  metal. 

The  eonatrnctioD  of  the  lefining  funtace  with  moveable  hearth  is  represented  by 
flgs,  341  and  3i3.  Except  in  dimen- 
aions  this  famace  closely  reaembles 
the  enpellation  fdmaoe  (p.  432).  The 
test  (d\  connate  of  a  thick  layer  of 
bone  aan  praaaed  into  the  iron  frame 
which  nata  npon  the  iron  bar*  (<  e) 
Md  on  be  drawn  ont  when  the  opera- 
tion is  completed.  The  flame  from 
the  furnace  {i)  possaa  over  the  antface 
of  the  teet  arid  escapes  by  the  flne  (J) 
into  a  cbimney. 

Tbe  qQantity  of  melsl  operated 
i^Krn  at  once  varies  from  1  to  6 
himdiadwei^t,  and  the  operation 
lasts  about  six  home.  Br  this  treat- 
ment  silver  may  be  refined  to  auch  an 
extent  aa  to  contain  only  one  tenth 
per  cent,  of  imtinrity,  or  even  lesa. 

A  still  higher  degree  of  parity  m.i 
attained  by  melting  the  metal  in  cnii'i 
with  nitM,  or  aome  oxidinng  flux 

It  fluently  happens  that  m  tbe 
l^om  which  silver  is  obtained  there 


)  the  CaK  lii) 
Inning  of  silver  is  carried  ont  in  the  wet 
way,   bj  treating  it  with  anlphnnc  acid.  Flo  319. 

This  plan   is   aUo  adopted    for    rsflning 

silver  contMning  copper.  The  metal  ia  Brst  melted  in  large  crucibles,  heated  to 
bright  rednees  in  ftimacea  fed  with  coke,  the  hot  air  from  these  furnaces  being  made 
to  heat  tbe  bars  of  alloy  that  are  afterwards  to  be  melted.  About  2  or  3  per  cent,  of 
nitre  is  thrown  intj>  tbe  crucibles  containing  the  fused  metal,  to  remove  any  oxidiaable 
metals  by  convacting  them  into  alag,  which  floats  together  with  the  melted  nitre  upon 
the  sarfiica  of  the  melted  silver,  and  is  removed  with  a  perforated  cast-iron  bidle, 

Aa  soon  aa  this  skimming  is  over,  the  melted  metal  is  granoleted,  t^  pouring  it 
in  a  tbin  stieam,  from  some  height,  into  cold  water,  contained  in  an  iron  Tanel. 
This  granulated  metal  is  placed  in  a  hemiapherical  pan  (fig.  343],  about  3  feet  in  dia- 
■etv,  Iba  sides  of  which  are  about  1  Inch  thick,  and  troitcd  with  salphuric  add  of 
ipnilfln  puTitj- Vm    Ahead  (c),  provided  with  adoor(p),  fits  air-tigbt  upon  ^eSenga 


?*i;»c-'3, 
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this  pupofle  it  is  allcred  with  a  small  proportion  of  copper,  which  gives  the  requisite 
degree  of  hardness ;  the  same  alloj  is  also  largely  used  for  making  articles  for  domes- 
tie  use  and  for  ornamental  purposes.  On  account  of  the  sreat  power  of  silver  to 
reflect  light,  it  is  used  in  maldng  the  reflectors  used  in  lighthouses.  Various  articles 
of  copper  are  coated  with  silver  by  uniting  the  two  metals  by  heat,  and  rolling  or 
hammering  the  mass  into  the  required  shape,  so  that  when  finished  it  presents  a 
unifoim  layer  of  silver  at  the  surface.  The  cosdng  of  articles  with  silver  is  now  very 
largely  eflncted  b^  depositing  the  silver  electrolytically,  and  in  some  instances  the 
coating  of  silver  is  applied  by  rubbing  the  surface  of  the  articles  with  an  nTnalgum 
of  silver  and  mercuiy,  then  driving  off  the  mercury  by  heat  and  polishing. 

The  coating  of  glass  with  silver  is  effected  bv  means  of  the  rednang  acdon  of 
certain  organic  substances  upon  silver  salts  in  the  presence  of  ammonia,  and  this 
method  has  been  applied  not  only  to  the  silvering  of  mirrors  for  telescopes,  but  also 
to  the  making  of  large  mirrors,  and  for  v^ous  puiposes  of  decoration.  liebig  re- 
commended the  use  of  milk  sugar  with  a  solution  of  silver  nitrate  mixed  with  just 
enough  ammonia  to  redissolve  the  precipitate  first  formed,  and  some  caustic  soda.  The 
glass  to  be  silvered  is  suspended  so  that  the  sur&ce  touches  the  liquid,  and  after  some 
time  it  is  coated  with  a  deposit  of  silver. 

Oompaunds. — Silver  is  monovalent  in  most  of  its  compounds  which  are  of  im- 
portance industrially.  The  chloride,  bromide,  and  iodide  have  the  formulse  AgCl.  AgBr. 
Agl. ;  the  oxide  Agfi  corresponding  to  these  compounds  is  a  powerful  base  forming 
well-defined  saline  compounds  with  acid  oxides,  some  of  which  are  isomorphons 
with  the  corresponding  salts  of  the  alkali  metals ;  and  the  sulphide  Ag^S  is  also  a 
powerful  basic  substance  which  combines  with  acid  sulphides  forming  a  lai^e  number 
of  sulphur  salts,  several  of  which  occur  naturally  as  minerals.  The  peroxide  Agfi^ 
corresponding  in  composition  to  the  peroxides  of  hydrogen,  potassium,  etc,  resembles 
these  compounds  in  Uieir  general  chemical  relations.  A  compound  of  silver  with 
nitrogen  is  formed  when  freshly  precipitated  silver  oxide  is  treated  with  ammonia ; 
it  is  easily  decomposed  when  rubbed  and  explodes  with  great  violence. 

Silver  unites  with  most  other  metals  when  melted  with  them,  forming  alloys  which 
are  sometimes  nearly  as  white  and  ductile  as  silver,  but  are  alwuys  ha^er  than  the 
pure  metal ;  a  veiy  small  proportion  of  copper  has  this  effect  of  increasing  the  hard* 
ness  of  silver,  and  the  presence  of  only  a  small  amount  of  zinc,  antimony,  arsenic,  bii*- 
muth,  or  tin,  renders  silver  brittle,  and  liable  to  crack  when  rolled. 

The  alloys  of  silver  and  aluminum  are  harder  than  aluminum,  and  when  the 
silver  does  not  exceed  30  per  cent  they  are  even  more  fusible  than  aluminum,  and 
can  be  used  for  soldering  this  metal.  The  alloy  containing  3  per  cent,  of  silver  is 
not  acted  upon  by  sulphuretted  hydrogen ;  that  containing  5  per  cent,  of  silver  has  a 
ffaie  white  colour,  takes  a  good  polish,  is  tolerably  malleable,  and  has  about  the  same 
hardness  as  British  standard  silver.  The  alloy  consisting  of  equal  parts  of  aluminum 
and  silver  is  brittle. 

The  alloys  of  silver  with  zinc  are  of  a  bluish-white  colour.  Doppler  s  reflector 
metal  consivts  of  silver  with  one-fourth  its  weight  of  zinc. 

Silver  mixes  in  all  proportions  with  lead  when  the  two  metals  are  melted  together ; 
but  when  the  melted  mass  is  gradually  cooled  some  separation  takes  place,  and  the 
interior  contains  a  much  larger  proportion  of  silver  than  the  outer  parts. 

Silver  and  copper  may  be  melted  together  in  any  proportions;  the  alloys  are 
almost  as  ductile  as  silver,  they  are  much  harder,  more  elastic,  and  take  a  higher 
polish  than  pure  silver.  When  the  silver  amounts  to  more  than  50  per  cent.,  the 
colour  of  the  allov  is  white.  The  most  important  alloys  of  copper  and  silver  are 
those  used  under  the  name  of  standard  silver  for  coiuago  and  for  making  utensils 
and  ornaments.  The  allo^  used  for  this  purpose  in  the  United  Kingdom  contains 
7*6  per  cent,  of  copper ;  its  specific  gravity  is  10*20.  In  France  three  alloys  are 
used,  one  containing  95  per  cent,  of  silver  for  medals  and  plate,  another  containing 
•0  per  cent,  of  silver  for  silver  coin,  and  the  third  containing  80  per  cent,  of  silver  for 
jewelry  work. 

Silver  solder  is  an  alloy  of  silver  with  about  half  its  weight  of  zinc  and  copper. 

Alloys  of  silver  and  copper  when  solidified  very  gradually  do  not  remain  homo- 
geneous throughout ;  but,  according  to  the  amount  of  silver  they  contain,  the  inner  or 
outer  portions  of  the  mass  contain  a  larger  proportion  of  silver  than  the  remainder. 
The  alloy  consisting  of  7 10  per  cent  silver  and  28-1  copper  does  not  separate  in 
this  way. 

Although  the  alloys  of  silver  with  copper  are  white  even  when  containing  a  large 
amount  of  copper,  the  colour  is  not  so  fine  as  that  of  pure  silver,  and  in  order  to  give 
aiticles  made  of  such  alloys  an  appearance  more  closely  resembling  pure  silver,  they 
are  submitted  to  an  operation  termed  whitening,  by  which  the  copper  at  the  sorfiMM 
is  oxidised  and  dissolved,  leaving  the  silver  almost  pure. 
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Formula  Ag,0.    Molbcitlab  Wdoht  282. 

Obaraeterfl. — Thid  substance  is  a  dark  brown  powder  sparingly  solnble  in  water ; 
its  specific  gravitj  is  7*14  to  7*25 ;  it  is  readily  decomposed  br  neat  into  metallic 
silver  and  ozjeen,  and  when  exposed  to  snnlight  it  is  graduaUj  decomposed ;  it  ia 
readily  reduced  by  oxidisable  substances,  such  as  solution  of  sulphurous  oxide,  or  by 
contact  in  the  moist  state  with  copper,  zinc,  or  tin.  Strong  aqueous  ammonia  oonyeita 
it  into  a  fulminating  compound  which  explodes  with  great  violence  when  mbbed, 
especially  in  the  diy  state. 

Vrepmratlon. — When  a  solution  of  a  silyer  salt  is  mixed  with  caustic  alkali  oat 
of  contact  with  atmospheric  air,  silver  oxide  is  precipitated,  and  after  washing  several 
times  with  boiled  water  it  is  dried  at  a  moderate  heat.  The  oxide  mtij  also  be  pre- 
pared  by  pouring  a  mixture  of  freshly-precipitated  silver  chloride  ana  water  into  a 
boiling  solution  of  caustic  potash  about  1*3  specific  gravity.  The  chloride  shoold  be 
added  yery  gradually,  and  Uie  liquid  kept  boihng  all  the  time. 


SZZiVBS   OKabO] 

FosMui^  AgOl.    MoLBCuuLB  WmoHT  148'5. 

Blstory. — Silver  chloride  was  certainly  known  to  the  older  chemists  in  so  fiir  at 
it  must  have  been  a  product  of  many  of  their  operations,  but  the  accounte  given  of 
this  substance  prior  to  1595  are  very  yague  ;  in  tnat  year  Libavius  clearly  described 
the  precipitate  produced  in  solutions  of  silver  by  sodium  chloride,  and  gave  it  the 
name  of  too  argetUi.  In  1608  OroU  gave  to  the  melted  substance  the  name  of  luna 
oomeat  and  in  the  following  century  most  of  the  characters  of  this  substance  became 
known. 

Ooomreiioe. — This  substance  occurs  naturaUyas  horn  silver,  accompanying 
ores  of  silver  in  various  localities ;  it  is  most  abundant  in  Peru,  Chili,  and  Mexico ; 
an  earthy  variety  called  buttermilk  ore  occurs  at  Andreasberg  in  the  Hartz. 

Oliaraotera. — Silver  chloride  as  it  occurs  naturally  is  sometimes  crystalline, 
forming  octahedrons  and  cubes ;  its  specific  gravity  is  about  5*4,  and  it  has  a  pearl 
grey  or  greenish  colour,  turns  brown  on  exposure  and  is  slightly  translucent.  The 
precipitated  chloride  is  a  white  powder  quite  insoluble  in  water,  but  readily  soluble 
in  ammonia ;  it  is  also  dissolved  by  solution  of  alkaline  chlorides,  forming  double  salts 
which  are  crystallisable,  but  are  decomposed  by  water.  Silver  chloride  is  also  die- 
solved  by  solutions  of  alkaline  sulphites  and  thiosulphates. 

At  a  temperature  of  about  260^  silver  chloride  melts,  forming  a  transparent  yellow 
liquid,  which  on  cooling  solidifies  to  a  homy  translucent  mass.  At  a  high  tempera- 
ture it  is  slightly  volatilisable,  especially  when  mixed  with  other  volatile  substances. 
It  is  not  decomposed  when  heated  with  charcoal,  but  is  readily  reduced  by  hydrogen  at 
a  high  temperature,  or  when  heated  with  alkaline  carbonates.  By  contact  with  cine, 
iron,  or  other  easily  oxidisable  metals  in  the  moist  state  it  is  soon  reduced,  especially 
if  the  water  be  acidulated  with  sulphuric  acid,  and  the  silver  remains  as  a  spongy 
mass.  Weak  alkaline  solutions  do  not  act  upon  silver  chloride,  but  when  boilecf  with 
a  strong  solution  of  caustic  potash  the  chloride  is  conyerted  into  oxide.  When  boiled 
inth  solution  of  sodium  carbonate  and  glucose,  the  chloride  is  decomposed  and 
metallic  silver  separated. 

By  exposure  to  light  silver  chloride  acquires  a  dark  violet  colour,  the  change  being 
probably  due  to  the  formation  of  subchloride.  Paper  charged  with  silver  chloride  is 
very  sensitiye  to  light,  and  is  used  for  taking  photographs ;  the  unaltered  silyer 
ehloride  being  afterwards  removed  by  means  of  a  solution  of  sodium  thiosulphate. 

VreparAtlon. — For  the  purposes  of  photography  silver  chloride  is  prepared  Jipoa 
the  sur&ce  of  the  paper  used  for  printing  positives,  by  first  saturating  it  with  an 
alkaline  chloride,  and  then  fioating  the  paper  upon  the  surface  of  a  solution  of  silver 
nitrate.  The  production  of  silyer  chloride  is  also  an  important  point  in  the  treat- 
ment of  silver  ores  and  other  argentiferous  materials  for  the  extracting  of  silver ;  it 
is  effected  chiefly  by  the  reaction  which  takes  pIaco  between  silver  sulphate  and 
alkaline  chlorides,  or  the  hydrochloric  acid  given  off  when  mixtures  of  ferrous  sulphate 
and  sodium  chloride  are  heated  together,  as  in  the  roasting  of  copper  regnlns  witli 
sodium  chloride.    (See  p.  440.) 
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Formula  Ag,S.    Molbculab  Wbiobt  248. 

Ooevrrenoe* — This  substance  occurs  natarally  as  ar^yrose,  or  silver  glance, 
and  as  a  cant  hi  te ;  also  in  combination  "^th  other  sulphides — with  cuprous  sulphide 
as  stromeyerite  AgCuS,  with  antimonous  sulphide  as  miargyrite  Agfi,  Sh^ 
pjrargyrite  8AgJ9.  Sb^,  freibergite  4Ag^.  Sb^S,,  steohanite  6^,3.  Sb^, 
polybasite  9Ag3*  Sb|S,,  with  antimonous  sulphide  and  lead  sulphide  asbrogni- 
ardite  PbS,Ag3,  Sb^,,  and  freieslebenite  2Ag^,3PbS,  236,8,,  with  arsenous 
sulphide  as  proustite  3Ag^.  As^^  and  zanthoconite ;  with  ferrous  and  ferric 
sulphides,  as  stern bergite  (Ag,S.  2FeS).  SFeJS,.  Silver  sulphide  also  occurs,  very 
frequently,  associated  with  the  sulphides  of  lead,  copper,  and  zinc  in  varying  propor- 
tions, as  argentiferous  galena,  £ahl-ore,  and  blende,  and  in  some  kinds  of  iron  pyntes. 

Cluuraeters. — Silver  sulphide  in  the  crystalline  state  generally  presents  forms 
of  the  reffnlar  system ;  the  crystals  are  irregidarly  deyeloped  in  dendritic  and  filiform 
xnaoses ;  it  has  a  dark  grey  colour  and  metallic  lustre.  The  density  is  from  7*106  to 
7*365.     The  artificially  prepared  sulphide  has  a  densi^  of  6*85. 

Silver  sulphide  is  not  decomposed  when  heated  out  of  contact  with  air,  and  it  is 
Imt  slowly  oxidised  when  heated  in  the  air,  sulphurous  oxide  being  given  o£f  while 
metallic  silver  remains ;  part  of  the  sulphide  is  converted  into  silver  sulphate,  which 
Yequlrefl  a  very  high  temperature  for  its  decomposition,  yielding  then  sulphurous 
oxide,  oxygen,  and  metallic  silver.  The  sulphide  is  decomposed  by  ignition  in  hydrogen 
gas,  and  the  melted  sulphide  is  decomposed  by  iron,  but  in  the  presence  of  cuprous 
sulphide  or  lead  sulphide  some  of  the  silver  sulphide  remains  unaltered.  Both  lead 
and  copper  decompose  only  part  of  the  sulphide.  Silver  sulphide  rubbed  with 
xnereory  yields  mercuric  sulphide  and  silver,  the  latter  forming  an  amalgam  with  the 
excess  of  mercury  ;  chlorine  gas  acts  upon  the  sulpliide  only  when  heated,  and  then 
slowly,  but  converts  the  silver  entirely  into  chloride.  When  the  sulphide  is  heated 
^th  sodium  chloride  it  is  but  slightly  acted  upon  and  mere  traces  of  silver  chloride 
formed.  When  the  sulphide  is  heated  in  contact  with  water  vapour  to  a  temperature 
insufi&cient  fur  fusion,  it  is  decomposed,  and  the  reduced  metal  presents  tne  same 
£liform  appearance  as  the  silver  occurring  naturally. 

Silver  sulphide  is  but  little  acted  upon  when  digested  with  solution  of  ferric 
chloride  or  cnpric  chloride,  but  in  the  presence  of  sodium  chloride  it  is  partly  con- 
werted  into  silver  chloride,  and  sulphur  is  separated,  while  the  solution  contains  a 
compound  of  cuprous  chloride  with  sodium  chloride.  The  formation  of  silver  chloride 
lakes  place  more  readily  when  silver  sulphide  is  digested  with  a  solution  of  cuprous 
chloride  in  sodium  chloride.  It  is  possible  that  in  the  amalgamation  of  silver  ores 
by  the  Mexican  method,  cuprous  chloride  may  be  formed  by  the  action  of  metallic 
silver  in  the  ore  upon  the  cupric  chloride  used  in  the  operation,  or  this  effect  may  be 
in  part  produced  also  by  the  action  of  the  mercury  upon  the  cupric  chloride,  mercurous 
chloride  Mug  formed  at  the  same  time. 

When  silver  sulphide  is  heated  with  a  solution  of  cupric  oxychloride,  the  sulphur 

is  oxidised  to  sulphuric  acid,  the  silver  being  separated  in  the  metallic  state,  and 

cuprous  chloride  formed. 

When  silver  sulphide  is  heated  together  with  a  considerable  proportion  of  cupric 

sulphate  to  a  temperature  sufBciently  high  to  decompose  the  cupric  salt,  the  silver 

•vdphide  is  converted  into  sulphate,  and  one  of  the  methods  of  extracting  silver  from 

^i^gentiferous  copper  regulus  is  based  upon  this  £ACt. 


FORHXTLA  Ag^SO^.      MOLBCULAB  WbIOHT  312. 

—Silver  sulphate  is  a  colourless  salt  soluble  in  about  200  parts  of 
cold  water  and  88  parts  of  boiling  water.  It  separates  as  a  white  pulverulent  pre- 
cipitate on  adding  sodium  sulphate  to  a  solution  of  silver  nitrate,  but  is  crystallisable 
in  anhydrous  needles  belonging  to  the  trimetric  system,  and  isomorpbous  with  an- 
Hydrous  sodium  sulphate.  When  exposed  to  light  it  gradually  turns  green.  The 
•alt  melts  at  a  moderate  heat,  and  at  a  high  temperature  is  decomposed,  leaving 
metallic  silver ;  but  it  requires  a  higher  temperature  for  decomposition  than  either 
cupric  sulphate  or  ferrous  sulphate,  a  circumstance  which  is  of  importance  in  the 
itMMtiDg  of  argentiferous  coppor  regulus.  nince  it  admits  of  the  ferrous  sulphate  and 
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cnprie  snlpbrnta  fi>rmed  in  tlie  flxit  sta^  of  that  operation  being  converted  into  bade 
ferric  inlpbate  and  capric  oxide,  wbile  the  silver  snlphate  remains  onaltered  and 
capable  of  being  extracted  firom  the  roasted  material  t^  lixiviation  with  water,  and 
thus  separated  ftom  the  preponderating  mass  of  insoluble  copper  and  iron  compounds 
with  which  it  is  associated.    (See  p.  444.) 


I. — It  is  chiefly  in  the  extraction  of  silver  from  copper  regnlns  that 
the  prodnetion  of  silver  sulphate  is  oairied  oat,  and  then  this  salt  is  rormed  partly  by 
the  oxidation  of  the  snlpnide  bv  atmospheric  air,  bat  chiefly  by  the  action  of 
snlphnric  add  vapoor  upon  the  olphide.    (See  p.  442.) 


FOBHULI  AgNO,.      MoUKJULiB  WuGBT   170. 

Oluuraeteni. — This  salt  forms  odourless  anhydrous  crystals  belongiog  to  the 
trimetric  system ;  it  dissolves  in  its  own  weight  of  odd  water,  and  in  half  its  weight 
of  hot  water ;  it  is  also  sduble  in  fimr  parts  of  bdling^  alcohoL  The  salt  meltB  at 
219^,  and  when  cast  into  small  sticks  is  used  as  a  caustic  in  surgery  under  the  name 
of  lunar  caustic.  When  applied  to  the  flesh  of  animals  it  instantly  destrays  the 
vitality  of  the  part  touched,  it  is  decomposed  by  exposure  to  light.  In  contact  with 
oiBanie  substances  the  silver  is  reduced  either  to  the  metallic  state  or  to  oxide.  On 
this  account  it  is  employed  in  the  preparation  of  hair  dye,  and  of  ink  lor  maxking 
linen,  etc 

VrepsumtioBu — Silver  nitrate  is  eadly  prepared  by  dissolving  the  metal  in  nitrie 
add,  and  evaporating  the  solution  until  sufficiently  concentrated  to  depodtcryatals  on 
cooling. 


MERCXTRT. 

Stvbol  Hg.    Atomio  Wbioht  200. 


■ — The  knowledge  of  this  metal  does  not  appear  to  haye  dated  back  so 
ftr  as  that  of  gold,  silver,  copper,  iron,  etc. ;  and  the  first  mention  of  it  is  found  in  the 
norks  of  Theophrastus  about  300  b.c,  where  liquid  silver  x^^^  Apyvpov  is  spoken  of 
M  being  obtainable  by  rubbing  cinnabar  and  vinegar  together  in  a  copper  vessel  with 
a  copper  pestle.  Discorides  described  this  metal  under  the  name  of  wpdpyvpos,  from 
nmp  water  and  Apyvpos  silver,  and  gives  the  method  of  preparing  it  by  distillation. 
The  metal  occurring  naturally  was  described  by  Pliny  as  araentum  viimmf  and  that 
obtained  by  cinnal^  as  hydrargt/rwn.  Mercury  was  considered  by  the  alchemists 
a  constituent  of  all  metals,  ana  it  was  not  until  the  time  of  Lavoisier  that  it  was 
daased  amcmg  the  elementary  substances. 


■ — Mercury  occurs  naturally  in  the  metallic  state  to  some  extent,  but 
more  frequently  in  combination,  with  either  gold  or  silver,  as  amalgams,  which  are 
sometimes  crystalliaed.  It  also  occurs  combined  with  chlorine,  as  horn  quick- 
silver, Hg^Cl,,  and  niore  rarely  as  selenide  and  iodide.  It  occurs  most  abundantly 
in  combination  with  sulphur  as  cinnabar  HgS,  which  is  the  source  from  whicn 
mercury  is  chiefly  obtained. 

Some  kinds  of  fahl-ore  contain  mercury  in  the  state  of  sulphide.  Ores  of  this 
kind  occur  in  various  parts  of  Hungary,  and  have  the  composition  given  in  the  fol- 
lowing table: 


Oopper 

Iron  . 

Mercury 

Silver 

Antimony 

Arsenic 

Sulphur 


86*39 

84-23 

80-58 

32-80 

89*40 

711 

9*46 

1-46 

5-85 

7*38 

307 

8-67 

16*69 

5-57 

0-52 

Oil 

010 

0-09 

007 

012 

26-70 

33-33 

25-48 

80-18 

31-56 

trace 

trace 

trace 

trace 

trace 

25*90 

19-38 

24-37 

24-89 

22-00 

The  chief  localities  in  which  mercury  ores  occur  are  Spain,  Camiola  in  Southern 
Austria,  California,  Mexico,  Peru,  China  and  Japan.  They  are  also  met  with  on  a 
smaller  scale  in  France,  Tuscany,  and  some  parts  of  Germany. 

Oluuraoters. — Mercury  at  the  ordinary  temperature  is  a  very  mobile  but  coherent 
liquid,  of  a  bluish-white  colour  and  metallic  lustre.  At  a  very  low  temperature  it 
■uidifies  as  a  soft  ductile  mass.  Its  density  in  the  liquid  state  is  13-559 ;  it  boils  at 
860^,  and  is  converted  into  a  colourless  vapour,  the  density  of  which  is  6*97  as 
eompared  with  that  of  atmospheric  air,  and  100  as  compared  with  hydrogen. 

lieicnry  is  not  readily  oxidised  when  exposed  to  atmospheric  air  at  the  ordinary 
temperature,  unless  it  is  in  contact  with  greasy  substances,  but  when  heated  in  con- 
tact with  atmospheric  air  it  is  gradually  oxidised  and  converted  into  mercuric  oxide. 
It  eombines  readily  with  chlorine  or  bromine,  and  with  sulphur  or  iodine,  when 
nbbed  with  those  substances ;  it  also  unites  with  many  of  the  metals  at  the  ordinary 
temperature.  It  is  not  acted  upon  by  hydrochloric  acid  even  when  heated  with  it, 
but  sulphuretted  hjrdrogen  or  hydriodic  acid  is  slowly  decomposed  when  in  ctmtact 
with  mercunr.  Strong  sulphuric  acid  has  no  action  upon  mercury,  unless  heated 
together  with  it,  and  then,  if  the  add  be  in  excess,  mercuric  sulphate  is  formed,  and 
sulphurous  oxide  given  off;  but  if  mercurv  be  in  excess,  mercurous  sulphate  is  formed. 
Hitric  add  dissolves  mercury  rapidly  at  the  ordinary  temperature,  with  evolution  of 
litxoas  fumes,  forming  mercuric  nitrate  if  the  acid  is  in  excess,  and  when  nitric  acid 
la  wirmed  with  excess  of  mercury,  bade  mercurous  nitrate  is  formed;  dilute  nitric 
Mid  diMolvM  mezenry  slowly,  forming  neutral  meceozous  nitrate. 

qq2 
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— Tha  ores  fivm  irhich  mereiUT  is  prininpallj  aztneted  canUin  tha 

metal  in  the  at&taofcisrcnhcsulpliiils,  awoeiaUdwiChrarioiu  ugillBceoMaikl  Mitl^ 
anbatancM.  The  mercor;  ia  separatsd  either  b;  heating  the  oce  in  contact  wiUl  U- 
moapheria  ur,  «o  m  to  oiidiae  tha  aulphm  aod  fomi  solphnioni  oxida  vliUa  the 
tseccnry  U  ToUtilind,'  - 

■  Hg 
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■a  of  the  ore  vith  lim 


200 
IS  othPT  aabatuice  capable  of  com- 


bininf;  irith  tiie  aulpliur  aod  ■eurating  the  mercury  in  the  metallic  at&te.    With  lima 
the  reaction  which  lAtee  place  la  ■■  followa : — 
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800 


In  both  cues  the  mercni;  ia  Tolatiliaed  and  tha  raponr  condanaed  by  paasiog  the 
gHaeoDa  products  through  a  sariH  of  da;  tubal  or  large  diambara  bnilt  of  brick. 

The  mercurial  fahl-  orea  which  occur  iu  Hungary  ore  worked  in  a  vary  rode  waj 
bj  roaatiog  them  in  heapa  Bunonndad  bj  walls  in  which  fluea  are  formed,  and  tha 
mercnrr  ie  obtained  sa  a  by-prodoet,  mnch  in  the  lajne  manner  that  tolphnr  ia  ob- 
tained m  Toaatjng  copper  ore*  (see  p.  101);  in  (act,  the  routing  of  thsaa  ores  ia  carried 
out  mainly  ■■  a  neceaaitiy  preparation  for  amelting  them  as  coppor  orea  in  the  usual 
way.  Part  of  the  meicnry  ia  eondenaed  in  the  upper  layer  of  finely  dirided  ore  with 
which  the  heaps  are  covered,  and  when  the  operauon  of  masting  is  ended  this  is  ear*' 
fully  removed  and  waahed  with  wiUar  so  as  to  separate  the  metallic  moreniy  dis- 
tributed amongst  it. 

The  appuntue  uard  for  heating  the  ore  aomedmea  connsts  of  a  immber  of  cloee 
iron  ressrU,  like  retorts,  heat«d  in  a  galley  furnace  ;  rererberatoij  fumaeea  or  kilnsaie 
also  need  in  aome  cases. 

The  lieatment  of  mercni;  orea  in  closni  Teseela  admits  of  a  moM  ready  and  com- 
plete condcnaation  of  mclal  thaa  ie  the  caaa  when  atmospheric  ur  ia  mixed  with  the 
Tsponr,  but  it  ia  mom  costly. 

In  German;,  sandstone  containing  a  Teryamall  amount 

r  cinnabar,  varying  from  '0OE>  to  '01  per  cent.,  is  worked 

by  diatilling  it  in  csat-iron  Teasflls  of  the  form  shown  in  the 

accompanying   drawing.      The  ore    ia  broken    ioto  small 

frngmsnta  and  aliotit  fifty  or  aiity  pounds  placed  in  each 

of  (he  vesaeU  together  with  somo  quick-lime.     A  nnmber 

of  these  reasels  are  then  nrranged  in  roiTB  in  a  galley  fui^ 

jf  the  kind  represented  in  plan,  section  and  elevation 

by  figa.  314,  3ia,  and  346.    The  necke  of  the  iron  veaaela 

(a  a  and  bb)  project  beyond  the  side  vails  of  tJie  furnace,  eo 

that   stoneware  receivers   containing   some    water  can   be 

atlapted  to   them   for  the   c.ndensation   of  tiie  mareniy 

or.    The  iron  vossels  are   then  gmdnally  heated  to 

tsB  bj  making  a  fire  npno  the  grate  (c)  extending  from 

to  end,  with  an  ash  pit  (d)  beneath.    In   the  arch 

■ing  the  iron  Tossels  openinga  (et)  are  made  by  -wbictl 

the  draught  of  (be  fDmsce  is  regnlated. 

When  the  distiltstion  is  completed,  tha  contents  of  the 
ici^vers  are  poured  into  a  wooden  bowl,  where  the  metallic 
mercury  sinks  to  the  bott'jm.  and  the  black  snbstance  sne- 
pendad  in  the  water  is  washed  into  a  vat  placed  under- 
neath. Thisblacksubetnnce,  containing  mercury  in  dieetatf 
I    of  sulphide  and  oiide.  is  allowed  (u  deposit,  tbrn  dried  and 

distilled  with  lime  in  the  same  manner  as  the  ore. 
I-  A  similar  method  of  working  mercury  ore  ia  practiaad  in 

Traoaylvania,  but  stoneware  retorts  are  used  for  the  heat- 
ing of  the  ores,  and  the  operation  is  conducted  in  a  very 

An  improved  form  of  apparatua  fbr  baatiDg  meroury 
ores  is  reprociented  in  vertical  section  lengthways  by  fig. 
347.  It  consists  of  a  series  of  cast-iron  retorta  (a)  open  at 
one  end  and  each  fitted  with  a  lid  by  which  the  retorta  can 
be  completely  closed  and  their  contents  kept  from  eootact 
^3-  with  atmospheric  nir.  At  the  opposite  end  of  each  ralort 
is  a  delivery  tube  (J)  thiDngL  which  the  meicnry  vapoor 
escapes  when  the  iiilxi  ure  of  ore  and  lime  in  tha  ntort  ii 


s^5  mSsi 


Fio.  344, 


Fici.  348. 
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heated.  The  deliveiy  tubes  {b)  are  connected  with  a  tubular  Teseel  (e)  containing 
water  and  arranged  much  in  the  same  manner  as  the  hydraulic  main  used  in  gas 
works,  the  ends  of  the  delivery  tubes 
dipping  just  below  tiie  sur&ce  of  the  water. 
The  retort  is  heated  by  the  fireplace  (i),  and 
as  the  delireiy  tube  dips  under  water  a 
fresh  charge  of  ore  and  hme  can  be  intro- 
duced immediately  after  the  contents  have 
been  worked  off  and  drawn  out. 

These  retorts  are  arranged  in  sets  of 
three  within  an  arch  placeid  oyer  each 
fomace,  as  shown  in  the  transverse  section 
fig.  848,  where  three  of  these  sets  of  retorts 
are  jdaced  side  by  side,  and  fig.  849  repre- 
sents an  elevation  of  the  ends  of  the  retorts 
to  which  the  delivery  tubes  are  attached, 
together  with  a  longitudinal  section  of  the 
cylindrical  tube  (c  c)  into  which  the  ends 
of  the  delivery  tubes  (b  h  h)  of  the  retorts 
are  fitted.  At  one  end  of  the  hydraulic 
main  there  is  a  water  valve  {g)  which 
serves  to  counteract  the  effects  of  unequal  ^^^'  347. 

pressures  caused  by  sudden  expansion  or  contraction  in  the  hydraulic  main.    The 
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hydraulic  main  condenser  is  placed  in  a  square  trough  made  of  wood,  as  shown  in  the 
section  fig.  347,  and  water  is  made  to  flow  throuffh  it  by  which  the  contents  of  the 
condenser  are  cooled.  The  condensed  mercury  collects  at  the  bottom  of  the  hydraulic 
main,  which  has  a  slight  inclination,  and  the  mercury  flows  towards  the  lower  end  (A) 
tod  falls  through  the  tube  (d)  into  the  iron  receiver  («),  which  is  secured  by  a  padlock 
(h)  and  is  furnished  with  a  graduated  iron  gauge  rod  (A:),  by  which  the  quanti^  d 
meienry  collected  in  the  reservoir  may  be  ascertained. 

One  of  the  forms  of  apparatus  employed  in  Idria  for  the  extraction  of  mercury 


t«  363.  It  coDMta  of  »  kiln  in  vldeh  tk* 
DUfcniT  on  i(  bMtad  in  cootMt  i '" 
ftlmiNplierie  air  and  eonoMtad 
each  nde  with  a  *mm  of  ehami 
where  tlie  mereoiy  rkpanr  ia  con- 
dsnaed  ai  it  paMca  thioogh  tlwm. 
Vig.  8(0  gim  B  general  view  of  tb* 
apparatoB  in  Tcrtical  MCtion.  In  tha 
furn&cs  (i)  fnel  is  bniiiL  to  heat  the 
□ni  and  tba  Are  ia  regnlaUd  1^  tbi 
door  (a).  Abore  the  flreplaee  He 
•ereru  archea  iDdic«t«d  bj  tiie 
nnmboB  1  to  7,  npan  which  the  ore  ia  placed  tluoo^  the  opening  (d)  at  the 
npp«r  part  of  the  kiln.    The  produots  of  combnmian,  aizad  with  aaeaij  raponr. 


'^^ 
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psas  ont  of  the  kiln  throngh  the  brick  flnot  (<<)  on  each  dde,  into  the  condenang 
clinmborfl(/y*ij*)wbiehareahown  on  r  '- ™ '-  '-  ♦'"  '•™-""^'  -"—  «~ 


larger  scale  in  the  horizontal  plan,  6g. 
SSI.  It  will  be  leen  (hat  the  eonden*- 
ing  chambera  commnnicate  with  each 
other  bj  opening!  placed  altemataly  at 
tha  upper  and  lower  carta  of  the 
chambue,  ao  that  the  amoke  and  Tapoor 
pass  np  and  down  through  the  dwrnoen 
(II)  on  cMh  aideia 


inarciU7  collecting  in  thcee  bwini  Sowa  then  into  the  tiongfa 
(»»)  and  runs  iaio  ■  common  reeerroir  in  the  direction  of  Ue 
aiTOwe.  The  arched  paBSgges  (pp)  abowti  in  Sga.  3S0,  351,  and 
362,  admit  of  access  to  the  eidai  of  the  fomace  and  the  archea 
(iS)  Bgt.  3S0,  S62  communicate  with  the  flnee  (<>).  The  ele- 
TatioD  of  one  half  of  the  apmratna  £g.  353  ihowa  the  poaition 
of  the  doors  (isit)  br  which  accesa  can  be  gained  to  tne  con- 
denaiiig  chambera  (/  i),  flg.  360,  and  tha  dotna  («  «)  of  the  kiln 
in  which  the  mcrcurj  ore  is  heated- 
Fig.  3A3  repreeenta  the  floon  i»S')  eorreapanding  to  the 
doors  («  u)  of  the  kiln,  and  these  floors  are  reached  by  ataira  in 
diflerent  parte  of  the  building.  Thia  section  alao  ahows  the 
pMition  of  the  fireplace  (b)  and  of  the  archea  (1  to  7)  abors 
it ;  (if)  is  the  opening  at  the  t>3p  of  the  kiln,  and  jnat  below  it 
Flo.  353.  '^^  *^^  brick  flues  (e  e)  hj  which  the  amoke  and  vaponr  Mcape 

into  the  condessing  chamben. 
Id  charging  these  kilna  large  blocks  of  the  ore  which  i*  poorest  in  merenrj  are 
placed  apon  the  lower  arches  abore  the  fireplace,  above  this  the  smaUer  fragnunt*  of 
ore  are  placed,  and  on  the  middle  arches  the  small  ore  containing  a  larger  anumnt  of 
metal  ii  placed  in  small  pola.  Upon  the  npper  arches  the  mare  finely  divided  portioD 
of  the  ore  is  placed  also  in  pots.  All  the  doors  are  then  cloaed  and  the  fire  being 
lilfhtod,  it  is  kept  up  tindl  tlie  whole  furnace  has  acquired  a  cherry  red  hast.  Hie 
distillation  lasts  from  ten  to  twelve  hours,  and  the  kiln  is  then  allowed  to  cool  during 
aoTcral  dnys.  after  which  the  eihauEt«d  residues  are  drawn  and  a  fresh  <^ige  pat  in. 
At  Almaden  in  Spain  the  menury  ore  ia  heated  in  contact  with  atmoaphacie  kir  u 
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brick  kilB»,  wd  tha  in»rciU7  TBponr  ig  condensed  in  MTlhen  pipes  called  eladeU  a 

number  of  Thieh  are  fittfid  together  eo 

u  to  form  iong  cbenneU  for  the  pro- 

dacti  of  combiutioD  lo  paas  ChTODgh. 

The  l^ennal  anangsment  ef  thu  appa- 

ratiu  it  repnsented  by  flgs.  3fi4  and 

»5S.     The  kiln  (if)  in  which  the  ore  is 

placed  ii  Mpamt«d  &om  the  fireplnce 

,A)  bj  a  perforated   brick   arch    on 

vhich  the    mercni;  ore   neta.    The 

fuel  ia  intiodueed  thnmsh  the  arch  (a) 
.tnd  belov  the  fireplace  u  the  ash  pit 
(c>    Id  flg.  3Sfi  the  same  parts  are 
shown  in  plan.    At  the  top  of  the  kiln 
(d)  then  an  at  one  side  a  ntUDber  of 
openings  (/)  which  commnnicBte  with 
the  rows  c^  aiudela  placed  on  the  slop- 
ing Carmce,  at    the    lowest    poiut   of 
which  there  is  a  gotter  (g)  into  which 
the  condensed  mereur;  nins   ont  of   a 
hole  in  the  bat  alnd^  and  then  [asses 
throngh  the  wooden  pipee  (i  i)  into  cis- 
tema  filled  with  water. 
The 


Fat.t66. 


0  the  aindels  on  the  oppo-  jM 
site  sloping  terrace  and  then  chrongb  aa 
afemng(J')  into  a  chamber  (i),  where  it 
is  made  to  pami  to  the  bottom  by  the 
partition  (Q,  and  is  then  condensed  and 
depositad  in  the  cistern  (J).  At  the  top  of  this  cbambsr  ia  an  arch  (n)  with  an  opening 
throngh  which  the  oncondeneable  gas  eacapes  into  another  small  chamber  {If). 


The  arrannement  of  the  se 


Fia.  SfiT. 
M  of  alndels  is  shmrn  m 


«  distinctly  br  figs.  S68  and 

other  with  the  conileniing  tower  (i). 

The  loee  of  mercury  in  working  one  in  this  kilo  ia  tsit  eoasidenble,  ainse  the 
slndels  are  nadJIy  broken  and  the  connections  caonat  be  kept  perfectly  tight.  In 
addition  to  this  disadrantage,  the  e*cape  of  mercory  raponr  has  a  prajndicial  affhct 
upon  the  workmen,  and  as  the  operation  has  to  be  stopped  when  »ch  ehaice  of  ore 
Itta  been  eihaosted.  much  time  tg  loat  in  this  way  while  the  kiln  coola  sufflaently  to 
be  opened  for  remoriDg  the  reeidiiee. 

The  fumacee  conitmctsd  by  Eahaar  in  Idria  are  inteoled  to  sdmi      ' 


IB  fed  in  tJirougTi  a  Eiuppar  {b). 


.  _.  .  ercaxj  ott  n  htattd  It 
I  grate  (a)  ;  this  shaft  ii  dossd  at  th«  top 
In  tho  flae  (/)  Trhich  eonnecte  tht  ahaft 


wrri'h'T 
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eovared  on  the  top  wWb  iron  pUtos  (i  i,  flg.  SSEI),  orar  which  a  atawn  of  cold  -vital  )■ 
maile  to  mn.  These  chamben  are  six  in  number,  comma  nicatiiig  b;  the  opeoiina  (i) 
at  die  bottom,  and  tlie  last  of  the  aeries  commmiieatM  in  the  eame  vay  *itn  Um 
chimney  (A).  The  floor  or  sole  (2)  of  eaeh  condensinK  chamber  is  made  of  loam  bnt«B 
down  upon  a  bed  of  brick,  to  form  a  hollow  in  whicS  tba  condenasd  naienrr  colloeta. 

Id  charging  thia  kiln  aome  bricks  are  placed  upon  the  eloping  grata  (e)  aad  Dpon 
them  a  qunntity  of  bmshwood  or  coal ;  alternate  lajen  of  ore  and  coal  are  tiien  thrown 
in  untjl  the  shaft  ia  flUed  to  the  reqoiaite  height,  and  after  letting  light  to  the  bmsh- 
wood the  fire  is  made  to  bum  gradnally  for  several  hours.  After  the  end  of  the 
second  day  the  fire  ehoold  become  risible  at  the  tnp  of  the  materials  in  the  ehaft,  and 
then  the  regular  charging  of  ft«h  ore  and  foel  is  commenced,  about  seven  hnadrad- 
weight  of  ore,  together  wilh  8  or  1  per  cant,  of  fuel,  being  thrown  in  through  th* 
hopper  l_b)  at  intervals  of  an  hour  or  rather  less,  while,  at  the  same  time,  the  exhauBtad 
residue  of  the  ore  is  dravn  out  from  the  bottom  of  the  ahaft  into  vaggona  nDuing 
Qpon  a  tramwny  under  the  kiln. 

Even  in  the  kilns  constructed  on  this  plan  there  is  a  great  waate  of  marcnij, 
amounting  to  about  one-thiid  of  the  contents  of  the  ore  ;  but  these  kilna  do  awaj 
with  the  neceaaity  for  intermpting  the  operation,  and  they  are,  in  Uiia  raspect,  an 
imprarement  npon  tboee  praviously  described.  In  some  placec  the  aolaa  of  the  OOD- 
densation  chambers  ace  constructed  of  cast  iron,  with  a  tube  through  irbieh  da 
meicniy  collecting  upon  them  mns  out  into  a  recsifer  outaide. 
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Fia.  361. 

The  foiTUUM)  (a)  ii  fad  throogb  the  hopper  (b)  and  closed  bj  the  diding  do(« 
(m).  Betveea  the  hearth  and  the  fire  bridge  i>  a  space  (e)  for  recemog  the  routod 
ere.  Tha  mercury  rapoar  pauea  from  the  liiniaee  first  into  the  cbamMrs  (dil),  and 
tben  thniugh  loog  cait-iion  pipeg  (////)  k«pt  cooI  bj  water  dropping  OD  tilstn  from 
the  gntter  (it  t).  The  nncondenaad  Tapoor  eacnping  from  these  pipM  paasea  into  th« 
two  cbamben  (£g),lrom  thonce  into  other  two  chambers  (^^  above,  and  then  into 
another  wt  of  east-iraa  pip«>  {Ik  Ik)  also  kapt  cool  by  Tatar  supplied  from  the  gnttam 
((«),  and  Ia^7  the  noeandennble  ga«  eocapea  Uirongh 
the  briek  chamber  (if)  into  the  chimaay  (i),  which 
ia  dirided  into  oompanjnentj  as  shown  in  the  trHUnerae 
■aetioD  flg.  362,  b;  two  vartical  walla  (ii^  that  make 
th«  sua  pBM  ap  and  down  before  escaping  into  the 
mix  through  tha  opamogs  (f  ^  at  the  top  of  the  chimnej. 

In  working  this  fnmace  the  oie  is  apraad  apon  the 


ntdneas ;  the  Are  is  then  let  oearl;  out,  the  ore  stirred 
tar  a  few  minntaa,  then  heated  agsin  to  redness,  and 
laatlr  raked  down  tliroagh  the  Qpening  (c).  The  hot  Ore 
Qo  t£e  middle  of  the  beuth  is  then  drawn  furward,  and 
that  at  tha  further  end  of  the  hearth  placed  in  the  middle, 
'While  a  &«h  charge  of  ore  is  introduced  thiongh  the 
liDDiMr  (b),  and  then  the  heating  of  the  ore  t«  redaasa  ia 
id  oat  again  as  before.    In  this  waj  the  fresh  ore  is 


Wdd  the  chambere  (jg)  and  part  of  it  runs  out  from  diem 
Uto  tha  Taesels  (in).  The  deposit  in  the  chambers 
(jf^  itT)  and  that  in  the  iron  tnbes  contains  abont  fifty 
per  eent.  of  meicai? ;  it  is  first  dried,  and  after  the  mar- 
vttj  hM  been  drained  off  the  rendue  is  distillsd. 
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Uses*— Mercuzy  is  employed  for  a  great  number  of  pnrposee.  On  aooount  of  ite 
great  density  and  oniform  expansion  it  is  used  in  the  constroction  of  thermometen, 
barometers,  and  other  kinds  of  experimental  apparatus.  A  considerable  quantitf  is 
used  in  the  extraction  of  silver  and  gold  from  their  ores ;  it  is  also  used  in  Tanoos 
forms  of  combination  for  medicinal  purposes,  and  several  of  the  compounds  of  meicuij 
with  other  metals  are  employed  under  the  name  of  amalgams  for  various  tedmieal 
purposes. 

CJompomids. — Mercury  forms  two  well-defined  series  of  compounds,  merenrie 
compounds,  in  which  it  is  divalent,  and  mercurous  compounds,  in  n^ich  it  is 
apparently  monovalent.  The  compounds  of  the  latter  series  correspond  in  cmistita- 
tion  to  the  cuprous  compounds,  and  are  readily  converted  into  mercuric  oompomnds  by 
oxidising  agents ;  but  they  are  generally  much  more  stable  substances  than  the 
cuprous  compounds.  Both  mercuric  oxide  HgO,  and  mercurous  oxide  Hg^O,  are 
baac,  and  combine  with  acid  oxides,  forming  saline  compounds.  There  is  but  one 
compound  of  mercury  with  sulphur,  mercuric  sulphide  HgS,  and  the  precipitate  ob- 
tained on  adding  sulphuretted  hydrogen  to  solutions  of  mercurous  salts  is  a  mixture 
of  this  sulphide  with  metallic  mercuiy.  The  chlorides,  bromides,  and  iodides  are 
represented  bv  the  formulae  HgOl^  HgBr,  Hgl,,  and  Hg^Cl^  Hg^r^  ^gx^ 

Many  of  the  mercuric  compounds  combine  with  corresponding  compounds,  forming 
a  greaUnumber  of  double  salts,  in  which  the  mercunr  compounds  act  the  part  of 
acid  ;  thus,  for  instance,  mercuric  oxide  combines  with  potassium  iodide^  forming 
potassio-mercuric  iodide  KI,  Hgl^  or,  as  it  is  sometimes  called,  potassium  iodo-hydrar- 
gyrate. 

Mercurial  compounds  of  both  series  combine  with  ammonia,  forming  a  great 
variety  of  substances,  in  which  the  mercury  takes  the  place  of  part  of  the  hydrogen  in 
ammonium.  The  substance  known  as  wh  i  t  e  p re  ci  pi  tat  e  is  of  this  nature,  and  its 
composition  is  represented  by  the  formula  (NH,Hg)CL  Hahnemann's  soluble 
mercury  is  another  compound  of  this  kind,  the  constitution  of  which  is  represented  by 
the  formula  (Hg,HN')ND,H,0,  corresponding  to  ammonium  nitrate,  in  whidi  three- 
fourths  of  the  hydrogen  of  the  ammonium  is  replaced  by  mercury. 

Mercury  also  forms  compounds  with  alcohol  radicles. 

The  alloys  of  mercury  with  other  metals  are  called  amalgams,  and  those  of  de- 
finite composition  are  solid,  while  the  liquid  amalgams  are  probably  solutions  of  those 
substances  in  mercury ;  in  many  cases  the  excess  of  mercury  can  be  separated  ftam 
the  solid  amalgam  by  pressure. 

Mercury  unites  with  the  alkali  metals  with  very  considerable  evolution  of  heat ; 
the  alloy  of  potassium  with  70  parts  of  mercury  is  solid ;  that  with  80  parts  of 
mercury  is  h^d  and  brittle.  The  alloy  of  sodium  with  80  parts  of  mercury  is  hard 
and  crystalline ;  that  with  60  parts  of  mercury  becomes  pasty  when  slightly  warmed. 

The  amalgams  of  barium,  calcium,  etc.,  are  analogous  to  those  of  the  alkali  metals, 
and  they  may  be  obtained  by  decomposing  saturated  solutions  of  the  respective  salts 
by  means  of  sodium  amalgam. 

Aluminum,  according  to  Deville,  does  not  unite  with  mercury  to  form  an  amalftm. 

Magnesium  forms  with  mercury  a  solid  amalgam  when  the  metals  are  heated  to- 
gether. Zinc  unites  with  mercury  slowly  at  the  ordinary  temperature,  but  readily 
with  the  aid  of  heat.  The  alloy  of  rinc  with  one-eighth  its  weight  of  mercury  is  very 
brittle ;  that  with  one-sixth  of  mercury  melts  at  the  boiling  point  of  olive  oil.  The 
alloy  containing  80  per  cent,  of  mercury  is  brittle  and  pulverulent ;  it  is  used  for 
coating  the  rubbers  of  electrical  machines. 

When  sheet  rinc  moistened  with  a  dilute  acid  is  rubbed  with  mercury,  hydNffen  is 
disengaged  and  the  surface  of  the  rinc  is  amalgamated ;  the  rinc  plates  of  g^ranio 
batteries  are  prepared  in  this  way. 

Lead  unites  readily  with  mercury,  forming  an  amalgam  which  is  liquid  even  when 
eontaining  one-third  its  weight  of  lead.  The  metals  contract  conmderably  in  uniting 
and  the  amalgam  has  a  higher  specific  gravity  than  either  of  them.  The  presence  of 
a  very  small  proportion  of  lead — about  0*02  per  cent. — in  mercury  renders  this  metal 
more  suitable  for  barometers  and  thermometers,  since  it  is  then  less  disposed  to  fiann 
globules  that  adhere  to  the  glass. 

Copper  does  not  unite  very  readily  with  mercury  except  in  the  presence  of  an  arid 
or  when  one  or  other  of  the  metals  are  in  the  state  of  a  salt,  as  when  mercury  is  rubbed 
together  with  verdigris,  or  copper  foil  is  immersed  in  a  solution  of  a  mercury  salt. 
When  mercury  is  covered  with  a  solution  of  cupric  sulphate  and  placed  in  contact 
with  the  negative  pole  of  a  voltaic  battery  while  the  positive  pole  is  connected  with  a 
wire  dipping  into  the  cupric  sulphate  solution,  it  becomes  saturated  with  copper. 

The  alloy  of  copper  and  mercury  containing  about  30  per  cent  of  copper  is  ciys- 
talline  and  harder  than  rinc ;  it  has  the  property  of  becoming  soft  and  pustie  when 
rubbed  ih  a  warm  mortar,  and  then  of  becoming  hard  again  when  kept ;  on  tiii^  iKwmitt 
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it  is  gometimefl  VMd  by  dentiets  for  stopping  decayed  teeth.  This  alloy  is  prepared 
hj  miziiig  mercuronB  sulphate  and  finely  divided  metallic  copper  under  warm  water. 
After  rubbing  them  together  for  several  minutes  the  water  is  poured  off  and  replaced 
by  fresh,  this  being  continued  so  long  as  the  water  has  any  blue  colour. 

Silver  unites  with  mercury  but  slowly  at  the  ordinary  temperature,  and  rapidly 
vhen  the  finely  divided  metal  is  heated  and  brought  into  contact  with  the  mercury. 
Amalgams  of  silver  and  mercury  in  various  proportions  occur  naturally ;  that  called 
arqueri  te  is  crystalline  and  has  a  composition  represented  by  the  formula  AgHg,; 
other  varieties  approximate  to  the  formulae  AgHg  and  Ag,Hg,. 

The  artificially  prepared  silver  amalgam  is  sometimes  soft  and  granular  and  some- 
times crystalline.    The  union  of  the  metals  is  attended  with  considerable  contraction. 

The  other  amalgams  will  be  described  under  the  heads  of  the  several  metals. 
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—The  existence  of  this  compound  was  ascertained  by  the  study  of  the 
difference  between  the  solution  obtained  by  dissolving  mercury  in  nitric  acid  with  and 
without  the  aid  of  heat.  In  1775  Bergman  showed  that  these  solutions  gave  different 
precipitates  with  reagents,  but  it  was  not  until  a  later  period  that  this  difference  was 
ascribed  to  the  different  degrees  of  oxidation  of  the  mercury. 

Oluu«ctM«« — ^Morcurous  oxide  is  a  dark  brown  pulverulent  substance  insoluble 
in  water ;  it  is  decomposed  slowly  by  exposure  to  light,  and  readily  when  rubbed  or 
warmed,  into  mercuric  oxide  and  metallic  mercury.  As  obtained  by  the  action  of 
caustic  alkali  upon  calomel,  it  has  a  specific  gravity  of  8*95. 

Mercnrous  oxide  forms  with  acids  a  number  of  saline  compoimds  in  which  the 
metal  appears  to  be  monovalent ;  the  composition  of  the  nitrate  is  represented  by 
the  formula  £[g^NO„  that  of  the  sulphate  by  the  formula  Hg^SO^.  There  are  also  a 
number  of  basic  salts. 
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■iatorj* — This  sabstance  was  known  to  Geber,  and  it  was  prepared  by  him  by 
heating  mercury  in  contact  with  atmospheric  air.  Baymond  Lally  obtained  it  by 
heating  mercuric  nitrate ;  in  1774  Bay  en  observed  that  by  mere  heating  it  was  con- 
T«rted  into  metallic  mercuir  and  a  gas,  and  that  the  mercury  thus  obtained  weighed 
Imb  than  the  oxide  operated  upon.  The  discovery  of  oxygen  by  Priestley  and  the  pub- 
lication of  Lavoisier's  views  on  the  nature  of  metallic  oxides  took  place  immediately 
after  these  important  fietcts  were  made  known. 

Cbttimoters. — Mercuric  oxide  is  either  a  bright  red  crystalline  powder,  or  when 
prepared  by  precipitation  from  a  mercuric  salt,  a  pale  orange  yellow  powder.  Its 
specific  gravity  is  1 1'136.  When  heated  its  colour  becomes  £irker  and  almost  black, 
oat  on  cooling  it  resumes  its  original  tint.  When  more  strongly  heated  it  is  decom- 
posed into  metallic  mercury  and  oxygen  gas ;  it  is  also  decomposed  to  some  extent 
when  exposed  to  sunlight.  The  oxide  obtained  by  precipitation  is  more  readily  de- 
composed than  that  obtained  by  heating  the  nitrate  or  by  the  oxidation  of  mercury, 
probably  owing  to  the  different  states  of  aggregation. 

Mercuric  oxide  is  very  sparingly  soluble  in  water,  and  the  solution  has  a  strong 
metallic  taste.  Chlorine  converts  it  into  mercuric  ohloride  with  evolution  of  oxygen, 
fU  a  high  temperature,  and  at  lower  temperatures  hypochlorous  acid  is  aUo  formed. 
Mercuric  oxide  combines  with  lime  and  baryta,  forming  soluble  crystalline  substances ; 
it  also  combines  with  caustic  alkalies  and  with  ammonia.  With  acid  oxides  it  forms 
•aline  compounds,  many  of  which  are  ciystallisable,  but  are  decomposed  by  water  un- 
less there  is  excess  of  acid  present.  The  composition  of  the  sulphate  is  represented 
Jjj  the  formula  HgS04,  that  of  the  nitrate  by  the  formula  Hg2N0,.  There  are  also  a 
number  of  basic  salts. 


_. . — Mercuric  oxide  may  be  prepared  by  adding  caustic  potash  or 

■oda,  to  a  solution  of  mercuric  chloride,  or  by  craaually  heating  mercuric  nitrate  until 
^troos  vapour  is  no  longer  given  off,  and  when  thus  prepared  it  is  knoim  as  red 
yr  eci  p  i  t  a  t  e.    It  is  also  formed  by  direct  combination  when  mercury  is  kept  for  some 
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time  at  a  temperature  near  the  boilizig  point  in  contact  with  amospherie  air  until  the 
whole  of  the  metal  la  oxidised. 
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Miatorjm — ^Thia  substance  was  known  nnder  the  name  of  meromHus  duleit  at  the 

early  part  of  the  seventeenth  century,  and  had  been  previously  obtained  mixed  in  Tariona 
proportions  with  mercuric  chloride.  Under  the  name  of  calomel  (from  icaX^f  and 
fi4Ka$)  it  was  used  medicinally,  and  it  is  said  that  this  designation  had  reference  to 
its  efficacy  in  bilious  disorders.  The  nature  of  the  difference  between  this  substance 
and  mercuric  chloride  was  not  clearly  ascertained  until  the  time  of  H.  Davy. 

Ooourreiioe. — Mercurous  chloride  occurs  naturally  as  horn  quickailyer, 
associated  with  cinnabar,  but  it  is  generally  prepared  artificially. 

Oliaraoteni. — Morcorous  chloride  in  the  form  of  horn  quicksilver  is  either  in 
prismatic  crvstals  or  granular  masses  of  a  dirty  white  colour.  As  prepared  by  sub- 
limation, it  18  also  crystalline  or  in  fibrous  masses ;  its  density  is  7' 14.  As  obtained 
by  precipitation  from  a  solution  of  a  mercurous  salt,  it  is  a  heavy  white  powder  with 
a  slight  tinge  of  yellow,  tasteless,  inodorous,  and  quite  insoluble  in  water.  When 
heated  it  does  not  melt,  but  at  a  red  heat  it  volatilises  without  decomposition ;  by  ex- 
posure to  light  it  gradually  acquires  a  grey  colour. 

Mercurous  chloride  is  dissolved  bv  nitric  acid  with  evolution  of  nitrous  vapour, 
and  the  solution  contains  mercuric  chloride  and  nitrate.  Sulphuric  acid  does  not  act 
upon  it  unless  heated.  By  boiling  with  hydrochloric  acid  mercurous  chloride  is  gra- 
dually converted  into  mercuric  dbloride  and  metallic  mercury ;  the  same  change  is 
more  readily  produced  by  solutions  of  the  alkaline  chlorides,  and  it  takes  place  to  a 
slight  extent  when  mercurous  chloride  is  boiled  with  water.  Solutions  of  caustic 
alkali  convert  mercurous  chloride  into  black  mercurous  oxide,  and  solution  of  ammonia 
also  converts  it  into  a  black  substance  which  is  the  chloride  of  dimereuroeammonium 

A  similar  compound  NH,HgGl  is  formed  when  precipitated  mercurous  chloride  is 
exposed  to  the  action  of  dry  ammonia  at  ordinary  temperatures ;  the  gas  is  absorbed, 
and  the  black  powder  formed  gives  off  ammonia,  when  exposed  to  the  air,  leaving 
white  mercurous  chloride. 

PreparattoB. — Mercurous  chloride  may  be  obtained  by  mixing  a  solution  of 
sodium  chloride  with  a  warm  dilute  solution  of  mercurous  nitrate ;  the  chloride  solu- 
tion must  be  added  in  excess,  and  the  precipitate  well  washed  with  boiling  water.  It 
is  however  generally  prepared  by  sublimation ;  for  this  purpose  mercuric  chloride 
is  rubbed  with  three-fourths  of  its  weight  of  metallic  mercury  and  some  water  and 
alcohol,  until  the  globules  of  mercury  entirely  disappear  and  the  mercuric  chlorida 
has  been  to  a  great  extent  converted  into  merourous  chloride: 

HgCl,  -h  Hg  -  HgjOl, 
275  200  475 

The  mixture  is  then  sublimed  in  a  glass  vessel. 

It  may  also  be  propared  by  heating  an  intimate  mixturo  of  merourous  sulphate 
and  sodium  chloride  until  the  mercurous  chloride  sublimes : 

Hg^O^  +   2NaCl  «  Na^O^  +  Hg,Cl, 
496  117  142  471 

The  merourous  sulphate  is  prepared  for  this  purpose  by  rubbing  mercuric  sulphate 
with  sufiicient  mercury  to  produce  the  alteration : 

HgSO,  +   Hg  -  BgfiO, 
296  200  496 

The  mercurous  chloride  obtained  by  sublimation  in  the  form  of  a  dense  fibrous 
mass  is  powdered  and  thoroughly  washed.  Sometimes,  in  order  to  obtain  the  substance 
in  a  very  fine  powder,  steam  is  injected  into  the  vessel  receiving  the  vapour  of  mer- 
curous chloride,  or  the  vapour  is  condensed  in  a  large  brick  chamber.  In  both  cases 
it  is  necessary  to  wash  the  product  obtained  in  order  to  remove  any  merouric  chloride 
that  may  be  mixed  with  it. 

VIM. — ^Mercurous  chloride  is  used  largely  in  medicine. 
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^CURZC   CS&OSIDB. 
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History. — This  substance,  commonly  called  corrosive  sublimate,  was  well 
known  to  Qeber  and  Albertns  Magnus,  and  in  the  time  of  Basil  Valentin  it  was  an 
article  of  commerce  under  the  name  of  mercurius  sublimatut. 


100  parts  of  water  at 


■ — Mercuric  chloride  is  a  colourless  crjstallisable  substance.  The 
epecific  grarity  is  5*42.  It  melts  at  265°,  and  boils  at  296°,  volatilising  more  readily 
thfin  mercuious  chloride.  It  has  an  acrid  metallic  taste  and  is  very  poisonous.  It 
dissolves  in  water  in  the  following  proportions  according  to  Foggiale: 

Temperature.  Quantity  of  8alt. 

O®  6-73 

20°  7*39 

40^                         dissolve  0*62 

60°  13-86 

80°  24-32 

VlOO®  68-96 

Meicoxic  chloride  also  dissolves  in  2*6  times  the  weight  of  alcohol  at  the  ordinary 
temperature,  and  in  rather  more  than  its  own  weight  of  boiling  alcohol.  Ether 
dissolves  it  almost  in  the  same  porportions. 

Boiling  hydrochloric  acid  dissolves  mercuric  chloride  and  appears  to  combine  with 
it,  forming  a  double  salt  2HgCl2.  HCl,  which  is  decomposed  by  exposure  to  the  air. 
Mercuric  chloride  combines  with  other  chlorides  in  a  similar  manner.  The  compound 
with  ammonium  chloride  HgCl^  2NH4C1.H«0  has  long  been  known  under  the  name 
of  aal  alembroth. 

Mercuric  chloride,  dissolves  readily  in  nitric  acid  without  alteration.  It  is  not 
acted  upon  by  sulphuric  acid.  When  intimately  mixed  with  metallic  mercuiy,  it  is 
almost  entirely  converte<l  into  mercurous  chloride ;  caustic  alkalies  precipitate  mercuric 
oxide  from  a  solution  of  mercuric  chloride  ;  solution  of  ammonia  abstracts  half  the 
chlorine,  and  produces  the  substance  known  as  white  precipitate  NH^HgCl, 
according  to  the  following  equation : 

HgCl,  ■*.   2NH,  «  NH^Cl  +  NH^Cl. 

The  dry  salt  absorbs  gaseous  ammonia  rapidly,  and  forms  n  substance  having  the 
composition  HgCl^NH,  which  can  be  distilled  without  separation  of  ammonia,  but  is 
decomposed  by  water. 

Mercuric  chloride  combines  with  albumin,  forming  an  insoluble  white  substance 
which  does  not  putrefy  when  kept. 

Preparatton. — Mercuric  chloride  is  formed  by  the  direct  combination  of  mercury 
and  chlorine ;  by  dl<«i(olring  mercury  with  nitro-hydrochloric  acid,  containing  a  sufficient 
amount  of  hydrochloric  acid,  or  by  dissolving  mercuric  oxide  in  hydrochloric  acid. 

It  is  prepared  on  the  large  scale  by  sublimation  from  a  mixture  of  mercuric 
sulphate  and  sodium  chloride  : 

HgSO^  +  2Naa  -  Na^O^  +  HgCl^ 
296  117  142  271 
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Slstorj. — This  substance  in  its  natural  form  has  been  known  from  a  very 
remote  time,  and  was  described  under  the  name  of  Kivvd^api  by  Theophrastus,  who 
also  speaks  of  its  being  made  artificially,  but  it  was  often  confounded  with  minium 
or  red  lead,  and  with  the  resin  called  dragons'  blood.  The  production  of  this  sul>- 
•tance  by  combining  sulphur  with  mercury  was,  however,  distinctly  described  by 
Albertus  Magnus,  and  in  the  time  of  Agricola  cinnabar  was  made  in  this  way  at 
Venice.  The  black  substance  obtained  by  rubbing  hot  mercury  with  melted  sulphur 
was  first  de8cril>ed  by  Turquet  de  Mayerne  at  the  commencement  of  the  seventeenth 
eentury,  and  in  1689  Harris  prepared  it  by  rubbing  mercury  with  powdered  sulphur.  Its 
peparation  from  a  solution  of  mercury  by  means  of  an  alkaline  sulphide  was  described 
or  Jacobi  in  1767,  and  under  the  name  of  pulvis  hypnoiicus  it  was  used  in  medicine. 
The  production  of  cinnabar  by  shaking  mercury  with  a  solution  of  sulphur  in  ammonia 
vai  described  by  Schulz  in  1687f  and  in  1797  Kirchhoff  discovered  a  method  of 
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preparing  it  in  this  way.  17^  to  a  comparatively  recent  period,  howerer,  it 
ridered  that  the  composition  of  the  black  subetanoe  was  different  ttoat  that  of 
cinnabar,  until  Fnchs  showed  that  the  difference  in  colour  was  dne  to  tho  state  of 
aggregation. 

Ooomrenoe. — ^Mercuric  sulphide  occnrs  naturally  as  cinnabar,  associated  with 
metallic  mercury  and  amalgam,  disseminated  thronghont  slaty  or  calcareous  rodn 
which  are  not  unfreqaently  bitominoos :  it  constitutes  the  principal  ore  of  mereuy. 

Cbaraotani. — Mercuric  sulphide  as  it  occurs  naturally  is  either  in  the  form  of 
hexaffonal  prisms  or  fibrous  compact  masses.  It  has  a  dark  red  colour  and  consider- 
able lustre.  The  sjpecific  gravity  is  80  to  8*99.  The  powder  has  a  fine  scarlet 
colour.  The  artificially  prepared  substance  known  as  vermilion  is  a  very  finely 
divided  crystalline  powder. 

The  amorphous  sulphide  obtained  by  precipitation  is  a  black  powder,  and  when 
heated  in  a  close  vessel  it  volatilises  without  melting,  forming  a  ciystalline  sublimate. 

The  black  amorphous  sulphide  obtained  b^  precipitation  is  converted  by  contact 
with  £dkaline  persulphides  into  the  crystalline  red  sulphide.  This  change  takes 
place  slowly  at  the  ordinary  temperature  and  more  rapidly  by  the  aid  of  heaL 

The  crystalline  sulphide  acquires  a  dark  colour  when  heated,  but  resumes  the  red 
colour  on  cooling,  if  the  heat  has  not  been  sufficient  to  cause  volatilisation. 

When  heated  in  contact  with  atmospheric  air,  mercuric  sulphide  is  decomposed, 
the  sulphur  being  converted  into  sulphurous  oxide,  and  the  mercuiy  volatilised, 
lletitod  with  caustic  alkalis,  alkaline  earths,  or  alkaline  carbonates,  it  is  also  decom- 
posed,  mercury  being  set  free,  as  shown  by  the  following  equation : 

4HgS  +   40aO  «  4Hg  +   SOaS  +  CaSO^. 

Mercuric  sulphide  is  decomposed  by  strong  nitric  acid  with  separation  of  sulphur ; 
it  is  readily  dissolved  by  nitro-hydrochloric  acid,  but  is  scarcely  at  aU.  acted  upon  by 
dilute  nitric  acid ;  the  amorphous  substance  is  dissolved  by  potassium  sulphide  whi^ 
combines  with  it,  forming  a  ciystallisable  substance  HgSEjS.  oRfi,  which  is  decomposed 
by  water.  Mercuric  sulphide  is  decomposed  when  heated  iad  rubbed  with  finely 
divided  copper  or  iron. 

Vreparatton* — ^The  amorphous  sulphide  is  formed  when  sulphuretted  hydrogen 
is  passed  through  a  solution  of  a  mercuric  salt,  or  when  mercury  and  sulphur  are 
rubbed  together  fur  a  considerable  time ;  the  product  thus  obtained  was  formerly 
known  by  the  name  of  Aethiops  mineralis,  and  it  is  entirely  soluble  in  boiling  caustic 
potash. 

The  crystalline  sulphide,  or  vermilion,  is  prepared  by  subliming  an  intimate  mix- 
ture of  mercury  or  mercuric  oxide  and  sulphur.  When  melted  sulphur  is  mixed  with 
6  or  6  times  its  weight  of  mercury,  and  the  mixture  heated  with  constant  stirring, 
till  the  sulphur  begins  to  become  thick,  combination  takes  place  suddenly  with  a 
crackling  noise  and  evolution  of  heat  and  light.  The  substance  thus  obtained  has  a 
blackish-red  colour,  and  consists  partly  of  cinnabar  with  some  amorphous  sulphide, 
uncombined  mercury  and  sulphur ;  when  powdered  and  gradually  heated  to  redness 
in  a  close  vessel  a  sublimate  of  pure  cinnabar  is  obtained. 

The  subliming  vessels  used  lor  making  cinnabar  are  earthen  cylinders  about  4  feet 
long,  closed  at  one  end  and  glazed  inside  ;  these  are  set  vertically  in  a  flimace  so  that 
the  bottom  can  be  heated  to  redness ;  the  mixture  of  mercuiy  and  sulphur  is  thrown 
into  each,  and  when  the  excess  of  sulphur  has  been  driven  o£^  the  open  ends  of  the 
cylinders  are  closed  with  cast-iron  plates,  upon  which  the  sublimed  cinnabar  con- 
denses. 

I — ^Mercuric  sulphide  is  chiefly  used  in  the  form  of  vermilion  as  a  pigment 
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This  salt  is  prepared  by  heating  sulphuric  acid  with  excess  of  mercuiy  until  the 
whole  is  converted  into  a  white  powder,  care  being  taken  that  the  heat  is  not  allowed 
to  rise  to  the  boiling  point  of  the  acid ;  the  residue  is  then  washed  to  remove  firee 
acid. 

Mercurous  sulphate  is  sparingly  soluble  in  water,  requiring  600  parts  of  cold 
water,  and  800  parts  of  hot  water  for  solution.  It  crystallises  m>m  the  hot  soltttioD 
in  rhombic  prisms. 
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This  salt  is  prepared  by  heating  mercury  with  rather  more  than  ita  weight  of 
fnlphurie  add,  until  sulphurous  oxide  is  no  longer  given  off  and  a  dry  saline  mass  is 
fbrmed: 

Hg  +   2H^04  =  HgSO^  +  SO,  +   2H,0. 

200  196  .   206  64  86 

Mercuzic  sulphate  melts  at  a  red  heat,  but  is  partially  decomposed  when  volatilised ; 
it  is  decomposed  by  water  into  an  acid  salt  which  dissolves,  and  an  insoluble  basic 
■alt  of  a  lemon-yellow  colour,  formerly  known  as  turpeth  mineral: 

4HgS04  -  HgS042SO,   +  HgS042HgO. 


Formula  Hg22NO,.    Molbcuiab  Weight  624. 

This  salt  is  formed  when  moderately  strong  nitric  acid  is  digested  with  an  excess 
of  mercury  in  the  cold,  and  it  is  deposited  in  the  form  of  crystals  containing  one 
molecule  of  water,  which  may  be  dissolved  in  a  small  proportion  of  water,  but  are 
deoomposdd  by  a  larger  proportion,  forming  an  insoluble  yellow  precipitate  of  basic 
mercuroos  nitrate  li^22NO„Hg20,H20 ;  there  are  several  other  basic  mercurous 
nitrates,  some  of  which  are  soluble  and  are  deposited  in  crystals  from  a  hot  solution 
of  the  neutral  salt  m  contact  with  metallic  mercury. 

Mercurous  nitrate  forms  double  salts  with  barium,  strontium,  and  lead  nitrates, 
and  the  solution  is  decomposed  by  ammonia,  yielding  a  black  precipitate  called 
Hahnemann's  soluble  mercury,  the  composition  of  which  varies  according  to 
the  conditions  under  which  it  is  produced.    (See  p.  458.) 


ICVXIC   lIXTlUkTBa 

FOBICULA  Hg2N0|.      MOLBCULAB  WmOHT  324. 

This  salt  is  formed  when  mercuric  oxide  is  dissolved  in  excess  of  nitric  acid ;  by 
evaporating  the  solution  at  a  gentle  heat,  a  syrupy  liquid  is  obtained,  containing  the 
nit  in  a  hydrated  state,  and  by  exposing  this  liquid  over  sulphuric  acid,  it  deposits 
crystals  having  the  composition  represented  by  the  formula  2(Hg2NO,)H20. 

Mercuric  nitrate  is  readily  decomposed  by  water  with  formation  of  a  white  pre- 
cipitate consisting  of  a  basic  salt  insoluble  in  water,  and  convertible  into  red  mercuric 
oxide,  by  washing  with  large  quantities  of  water.  Another  basic  nitrate  is  formed 
when  mercnry  is  diMolved  in  boiling  nitric  acid,  and  it  is  deposited  as  the  solution 
eools  in  needle-shaped  crystals,  consisting  of  Hg2NO„HgO.  A  solution  of  mercuric 
nitrate  digested  with  excess  of  mercury  yields  mercurous  nitrate. 

Mercuric  nitrate  combines  with  mercuric  cyanide,  mercuric  iodide,  and  argentic 
iodide,  forming  double  salts  which  are  crystallisable ;  also  with  mercuric  phosphide 
and  mercuric  sulphide. 


TIN. 

Symbol  Sd.    Atomic  Wbioht  118. 

■Istorj. — It  18  at  least  tolerably  certain  that  id  the  first  century  of  our  epoch 
this  metal  was  indicated  by  the  term  Kacffhtpos,  and  that  it  was  the  plvmbum 
candidum  or  album  mentioned  by  Pliny.  Whatever  may  have  been  known  of  this 
metal  prior  to  that  time,  it  probably  was  not  regarded  as  being  essentially  difiarent 
firom  lead,  which  was  termed  by  the  Romans  plumbum  nigrum.  The  name  stannum 
was  used  by  Pliny  to  denote  an  alloy  of  lead,  and  it  is  only  since  the  fourth  centuij 
that  this  term  has  been  used  as  the  equivalent  of  icfluro'/rcpor  to  denote  tin.  In  Plinj*s 
time  the  art  of  coating  copper  vessels  with  tin  was  known ;  the  tinning  of  iron  is 
mentionefl  by  Agricola,  but  it  appears  to  have  been  little  known  at  that  time,  and 
it  is  commonly  stated  to  have  been  discovered  in  Bohemia  about  the  year  1620 ;  a 
hundred  years  afterwards  it  was  practised  in  England  and  somewhat  later  in  Franoe. 

Ooourrenoe. — ^Tin  does  not  occur  naturally  in  the  metallic  state,  but  chiefly  in 
combination  with  oxygen,  as  cassiterite  SnO,*  which  is  the  principal  source  of  this 
metal.  It  also  occurs  to  some  extent  combined  with  sulphur,  cuprous  sulphide,  and 
ferrous  sulphide,  or  zinc  sulphide,  as  stannine,  or  tin  pyrites  Ou^SfFeSfSnS^ 

Obaracters.— Tin  is  a  white  metal  closely  resembling  silver  in  appearance ;  its 
specific  gnivity  is  7*29.  When  rubbed  it  has  a  peculiar  smelL  It  is  harder  than 
lead,  takes  a  high  polish,  and  is  very  malleable  ;  when  bent  it  gives  a  crackling  sound. 
It  is  sufficiently  ductile  to  be  drawn  into  wire  when  slightly  warmed,  but  its  tenacity 
is  not  much  greater  than  that  of  lead. 

Tin  melts  at  from  222°  to  237^  without  sensible  volatilisation,  but  it  boils  at  a 
white  heat  When  exposed  to  the  atmosphere  at  the  ordinary  temperature  it  does 
not  oxidise,  but  is  soon  tarnished  by  impure  air,  probably  owing  to  the  formation  of 
sulphide  on  the  surface.  When  heated  and  exposed  to  moist  air,  a  film  of  oxide  is 
formed  on  the  surf<ice.  At  a  red  heat  it  decomposes  steam  and  is  oxidised,  while 
hydrogen  is  liberated.  When  melted  in  contact  with  atmospheric  air  the  metal  it 
oxidised,  and  at  a  full  white  heat  it  bums  with  a  bright  fiame,  stannic  oxide  being 
formed. 

Tin  is  dissolved  slowly  by  dilute  hydrochloric  acid,  and  rapidly  by  the  strong  acid 
with  the  aid  of  heat,  stannous  chloride  being  formed  and  hydrogen  evolved ;  it  is 
but  little  acted  upon  by  dilute  sulphuric  acid,  even  when  heat  is  applied,  but  the 
concentrated  acid  acts  upon  the  metal  and  sulphurous  oxide  is  proouced.  Strong 
nitric  acid  has  no  action  upon  tin,  but  dilute  nitric  acid  acts  violently  and  converts 
the  metal  into  the  insoluble  form  of  stannic  acid.  Melted  caustic  alkalies  oxidise  and 
dissolve  tin.  melted  alkaline  nitrates  have  the  same  action.  Tin  combines  readily 
wiUi  chlorine,  bromine,  sulphur,  or  phosphorus,  when  heated  with  these  substances. 

The  tin  of  commerce. is  seldom  quite  pure,  but  generally  contains  either  arsenic, 
load,  iron,  or  copper,  in  small  pn>portionB,  sometimes  antimony,  zinc,  bismuth,  manga- 
nese, tungsten,  molybdenum  and  gold. 

Tin  has  a  remarkable  tendency  to  crystallise,  and  on  washing  the  surfiice  of  the 
metal  with  warm  dilute  nitro-hydrochloric  add,  the  crystalline  structure  becomes 
apparent,  owing  to  the  unequal  reflection  of  light  ftom  the  faces  of  the  crystals  exposed 
by  the  action  of  the  acid. 

Preparatioii. — The  only  ore  from  which  tin  is  extracted  is  cassiterite,  or  native 
stannic  oxide,  and  as  this  mineral  is  generally  associated  with  sulphuretted  and 
arsenical  compounds,  the  ore  is  subjected  to  several  operations  to  purify  it  from  these 
admixtures  before  the  oxide  is  reduced.  To  a  groat  extent  these  preliminary  opera- 
tions are  mechanical,  and  consist  in  first  washing  tho  finely  divided  ore  with  water  so 
as  to  separate  those  impurities  which  are  less  dense  than  stannic  oxide,  and  by  reason 
of  the  great  density  of  this  substance  its  concentration  and  purification  by  this  means 
can  be  carried  to  a  considerable  extent.  The  denser  impurities  which  remain  mixed 
with  the  stannic  oxide  after  wabhing  consist  uf  niotallic  anjeuidos  and  sulphides,  for 
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the  ■epAntion  of  vhich  the  -wnihed  material  ig  next  routed  in  CCnlact  <rith  nlmo- 
■phrric  air,  bj  vhich  means  sulphur  and  arsenic  are  oxidised  &nd  separated,  vhile  the 
mctali  combiaed  with  tbeae  BUbatancu  are  conrerled  Into  oxides  nr  solsbli^  nul- 
phatea ;  the  roaated  matariHl  is  then  vashcd  ugaia  vith  water  lo  dissolve  out  the 
aolnUe  aalM  and  separate  the  inanlnble  oxides,  which  ace  inferior  in  di^nait;  to  Btaonic 
oxide.     The  reeidne  left  after  tUe  tieatmpnt  of  the  ore  is  called  black  tin. 

The  imeltiog  of  tin  ore  thus  prepared  is  effected  either  in  reverberaloij  fumacea 
or  shaft  foraacea.  b;  heating  the  oxide  nith  coal  or  charcoal  and  lime,  and  the 
chamieal  change  involved  in  this  operation  consists  chieftj  in  lie  reduction  of  the 
ataonie  oxide  bj  the  corbonacaons  raal«rial  need  as  fuel.  The  temperature  requisite 
tat  thia  rednedon  ia  Tei7  high,  and  sufficient  to  effect  the  rednc^on  of  other  metallic 
oxides  preeeDt  in  the  ore,  as  well  as  t«  determine  the  combination  of  stannic  oxide 


with  liliea  ;  so  that  while  the  rednced  metal  thus  obtained  is 
flning,  the  slag  or  scoria  produced  still  c< 


nelted  it 


e  frequent!}'  contaias  a  considerable  amount  of  arsenic,  the  operation 
of  muting  is  a  necessar;  part  of  the  preliminarj  tieAtment.  In  Cornwatl  it  ta  con- 
ducted in  fninacea  of  the  kind  represented  in  vertical  section  and  plan  bj  flgs,  3S3 


Fra   364. 


In  votUng  this  fnmace  the  bed  is  supplied  with  fresh  ure  through  an  opening 
io  the  arch  b;  which  it  is  cuvvred,  and  the  ore  l}'iiig  opuu  the  top  of  the  iirch  ia 
ilried  by  the  waste  heat.  Close  to  the  working  door,  whii'h  is  at  the  end  of  the  bed 
oppoaita  to  the  fire,  ihero  ia  an  ascending  tlue  bj  which  the  iirsenical  rnponr  passes 
•*ST  into  an  arched  tunnel  of  considerable  length  when'  the  artcnons  oxiilo  is 
eandaoBad  and  depusileit.  While  (his  operation  is  going  on  the  Gnel;  diviilbl  ore  on 
tlia  bed  of  the  fumiicv  requires  to  be  frequently  stirred  in  order  to  Jnuiiitate  the 
oxidation  of  the  arsi-niciil  and  eulphur  compnunds,  by  ei[>i<.-iii)-  fresh  surfaces;  and 
■»«i-li^nii—l  amuigemciits  have  been  devised  for  the  purpusu  of  effecting  this. 
HU 


kiMwuw  Bnuatgn'a 


Fk)  ses 

It  eonsKts  <f  a  oirciilitr  tablo  constnicted  of  lire  hricks  aet  in  sji  iron  fnuna 
sttftched  to  a  TBrtital  hhuO  (he  lower  ead  of  which  rests  on  a  stop,  and  bj  mcaan 
of  toothed  wheels  the  talle  is  made  to  revoWe  slovly.  Above  the  table  u  aflat 
ar^h  or  clomc  commnnioating  with  Iwi  fumaie',  and  the  flame  fmm  them  paasea  OTec 
tho  surface  of  tbe  tnblo.  At  the  centre  of  the  dome  is  a  hopper  throngh  which  the 
iinelj  divided  ore  in  fvil  on  to  (he  table,  and  lo  the  top  of  thv  dome  are  attached  cast- 
iron  franiM  fitted  with  blades,  which  stir  ap  the  ore  as  it  is  curried  roDud  on  the 
table,  nil  that  hy  the  time  the  ore  has  passed  from  the  centre  of  (he  table  to  the 
cinumference  it  has  been  pafflciently  roasted,  and  then  it  &lls  down  Ihroogh  an 
apcrlBTD  in  the  brick-work  into  n  rnalt  beneath. 

Aoixher  kind  of  calciner  is  that  of  Messrs.  Oilnnd  and  Hocking,  in  which  the  ore 
is  oiposed  (o  the  action  of  flame  nod  hot  sir  i!Tnm  n  furnace,  in  a  lone  iron  tnbe 
supported  in  an  inclined  position  and  made  to  revolve  on  its  axis  hj  loatned  wheels. 
The  lower  end  of  this  tnbe  communicates  with  a  fhmace,  and  likewJM  with  a 
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r  into  vhieh  the  HUiated  ora  &1I>  »Ittii  bATing  alovly  txavelled  dowo  the 
•ntin  lanotli  of  tha  tube.  The  upper  end  of  the  tabs  le  connected  iritb  (ondonstng 
ehsmbert  into  vUch  the  piodncta  of  combiutioD  from  the  faroaoe  paos.  togethor  with 
the  usenieal  and  inlphnrons  vapom'  given  off  firom  the  ore  in  roastiog.  The  interior 
of  the  iron  tabe  is  lined  with  fire  brick  in  mch  a  manner  as  to  form  projecting 
ridgea  r"*"*'  with  tha  azie  of  the  tube ;  in  thie  way  the  ore  is  raised  as  tbe  tube 
r«n>lr«i,  and  iithen  ahot  off  tha  ridgee  in  a  gbower. 

Tin  ore  lomMimeH  conteinsa  considerable omonnt of  the  mineml  called  wolfram, 
irtiich  eonnita  of  ferronfi  taagata1«  and  maagniioua  tuogetnte,  and  it  is  desirable  to 
•epttnte  tlda  anbetanee  before  smelting  the  ore;  this  ramiot  bo  done  hj  washing, 
■inee  wolfram  has  nearlj  the  aame  densit;  ax  atannic  oxiile,  and  the  □rdinory  colciaa- 
tion  alao  has  little  effect  upon  it.  Oilaud  has  devised  a  method  of  separation  which 
consieta  in  conrerting  the  tnagitic  oxide  of  the  wolfram  into  sodinm  tungstate,  which 
ia  Bolubla  in  water  and  can  be  vashed  oat,  while  the  iron  and  manganese  oxides 
Mparated  can  be  got  rid  of  by  washing.  For  this  pnrpose  the  ore  is  mixed  with 
nther  more  sods  aah  than  it  snffioicnt  to  form  sodium  tungstals  bj  acting  upon  the 
wolfram  preunt.  This  mixture  is  then  fainted  upon  the  bed  of  a  reverberator; 
fonace  until  it  become*  red  hot  and  hae  n,  semi-liqaid  appearance.  Meanwhile  tbe 
maaa  ia  well  stirred,  and  after  two  or  three  houra  it  ie  drawn  from  the  furnace :  when 
cold  it  ia  lixiviated  with  »at«r  nntil  the  aoluble  portion  is  extracted.  The  residue  is 
than  WBibed  with  water  ao  se  to  float  off  the  oxides  resulting  &om  the  decompoaition 
of  the  wolfram,  and  leave  the  heavier  stannic  oxide  ready  for  reduction. 

Smsltikq  ih  RivBBBRiui'roHi  FcBHACEs.— This  plan  is  now  generall;  adopted 
in  Cornwall,  and  the  furnaces  used  for  the  purpoae  are  repniscntGd  by  figs.  3Sfl  and 
S67.  The  bed  (/)  is  slightly  hoUgwed, 
and  the  Are  bridge  (e)  by  which  it  is 
Bsparatcd  from  the  firoplaco  {h)  is 
provided  with  an  air  channel  (i)  ex 
tending  also  under  the  bed  of  the  ' 
working  chamber  to  prevent  injury 
by  too  great  healing.  The  charging 
door  (if)  is  placed  on  one  side  of  the 
bed,  and  at  tbe  opposite  side  is  a 
lapping  bole  (a),  by  which  the  reduced 
netAl  CUD  be  drawn  off  into  the  basins 
(i  i).  The  working  door  (r)  is  placed 
at  tbe  end  of  the  bed,  and  tbegaseoua 
pimlucta  paae  off  ihrongh  the  flue  (i/ 
into  a  chimney  (m)  at  tbe  side 

The  mati?ria[  to  be  smelted  whiih 
■bonld  contain  from  COlu  lig  per  cent 


fifth  its  weight  of  small  coal  i 
slaked  lime  and  floor  spar,  somot 
aim  with  a  little  ifKlinm  chloride  the 
mixture  is  slightly  damped  with  water 
before  it  is  charged  into  the  furnace 
and  after  alxiul  five  hours,  when  the 
bent  baa  been  rained  loa  mfficienl  de- 
gree, the  mass  is  wfll  stirred  with  a 
rabble  to  fucitilate  the  separation  of  the 
reduced  metal  from  the  Filag  which  is 

ilrawa  out  throuph  the  door  (f).     The  p^  ggj 

metal  and  some  liquid  citreotiH  slag  arc 

then  ran  off  Ihiuugh  the  lap  hole  (^)  into  one  of  the  buins  (il')  where  the  melted 
■lag  is  skimmed  off. 

Tbe  metallic  tin  than  obtained  is  si  ill  impure,  and  it  is  refined  by  gradunlly  heat- 
ing it  in  a  rercrberatory  furnace  of  the  same  construction  as  fig,  3S6  nDlit  the  tin 
melt<  and  rniis  down  upon  the  hearth,  leaving  a  less  fusible  mixture  of  tin,  iron. 
■name.  etc.  By  opening  the  tap  liolc  the  melted  metat  is  drawn  into  one  of  tha 
baiint  {Jt  t).  under  which  there  is  n  tire  kupt  up  suflicicnt  10  relnio  the  metal  in  the 
liquid  stale  ;  it  is  stirred  with  a  piece  of  green  wood  for  several  hours,  and  the  dross 
formed  meanwhile  in  skimmed  off  the  surfiice. 

Anolhcr  mode  of  refining  the  tin  h  to  lift  the  liquid  metal  in  ladles  and  pour  it 
back  from  a  cuniriderable  height  iutu  tlic  pot.  in  either  cuee,  when  the  formation  of 
droes  has  ceased,  tbe  metal  is  ludlml  out  into  moulds. 
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SjuLTtKo  DT  SiLkn  FtJBKACBa. — Thu  method  tu  formsrlj  idoptad  in  CMinnll, 
bat  hds  aov  bMD  mpttaeded  by  the  oae  of  reTerb«f&toi7  ftinucM ;  it  u  bowBnr, 
still  followed  in  Saionj  aad  Bohemia.  The  fomscDS  nsad  at  Alt«nban  on  rapneentad 
byflgB.  368  ind  3S9  Tliej  ore  cooatnicted  of  rough  maaonij  (aa)  lioed  with  raftsctoj 
DMtwuli  (fi  b  b)  and  he  ro  wb]  {  )  a  lapportrd  npoa  s  bw  of  iron,  ao  u  to  Inra 
an  opening  ())  colled  tha  aja, 
thiDugh  miieh  tlia  meltMl  eoa- 
l«nts  irf  the  taznaeo  ue  nm  out 
into  the  fora  beuth  (■),  fknad 
of  alone  block*  {Ji)  with  a  liuiiig 
of  loHln  (I),  and  kept  in  podtioa 
b.v  the  iion  plataf^);  tbeehaa- 
nel  (ffl)  connacU  the  fate  bcaith 
with  soother  htmiapharienl  re- 
ceptacle (•)  made  la  ciiat  imo 
or  atone,  lined  with  loam  and 
Airniehad  with  a  firsplaoe  for 
keeping  the  content*  melted. 
At  one  aids  of  the  fore  hearth 

the  alap  over  the  wall  (g)  ta  to 
a  aloping  iron  plate  (o\  and 
then  into  the  Unk  (r)  contain 
iiig  »»ter.  The  sola  (/)  of  the 
furnace  alopea  finm  the  back 
lu  the  upper  lerel  of  the  f«n 
hearth  (t)  and  the  nulled  pto- 
duets  flow  through  (he  eje  (i) 
into  the  fbra  hearth.  He  blait 
tujere  ia  ineerted  thr^ogh  the 
open  ng{y). 


The  heiKhl  of  the  fiiTaaco  ahaft  depends  very  much  on  Ihc  nmou  i(  of  irim  in  the 
-ire  VBiying  from  seven  lo  ten  feet,  fhe  lower  shaft  being  used  in  the  nneltii^af 
highlj  famiginoua  ores.  Sncb  ores  freqaently  give  rise  to  the  prodnction  of  depoaU 
of  the  following  compoeition : 

Jn-" 81&2  6260 

^n 30fiO  8113 

Arsenic 145  

Tungsten 080  ISQ 

Carbon,  Silica,  and  Alumina        .  i-41  j.jq 

0878  98-08 

The  tin  orea  worked  in  abaft,  fomacea  in  Sajniny  and  Bohemia  are  geneialljimpnw, 
and  according  to  the  nature  of  the  anbatancea  they  conluin  different  matenali  mwl 
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be  used  u  fluxes.  Ores  oontftining  much  ferric  oxide  are  mixed  with  quartz,  or  other 
silicioiu  substances,  while  silicions  ores  are  mixed  with  lime,  and  ores  containing 
wolfram  are  also  mixed  with  lime.  The  proportion  of  lime  should  not  be  more  than 
sufficient  to  render  the  slag  moderately  fusible,  since  an  excess  would  cause  loss  of 
tin  by  the  fbrmation  of  calcium  slannate. 

The  slag  formed  in  smelting  tin  ore  consists  chiefly  of  ferrous  silicate,  together 
with  some  stannous  silicate,  and  that  portion  which  is  drawn  out  before  running  off 
t  he  melted  products  consists  of  a  mixture  of  unbumt  coal  and  other  substances  with 
metallic  tin :  this  is  crushed,  washed,  and  again  smelted. 

The  composition  of  the  slag  produced  in  rererberatory  furnaces  at  Poullaouen  is 
as  follows,  according  to  Berthier : — 

Silica 41-30  40*00 

Ferrous  oxide 2050  20*30 

Manganous  oxide 11-40  11*10 

Alumina 12*80  9*60 

Lime 3*90  360 

Magnesia 080  1*00 

Stannous  oxide 9*00  8*40 


99*70 


94*00 


The  slag  produced  in  smelting  tin  ore  in  shaft  furnaces  has  the  following  com 
position: 


Wallach 

Berthier 

LampadiuB 

Silica.                        .        .        . 

24*06 

16*0 

27*6 

6*81 

Alumina 

900 

2-4 

8-6 

1814 

Ferric  oxide 

20*76 

41*6 

48-2 

39-61 

Manganous  oxide 

6*64 

1*7 

1*6 

1*34 

Lime  .... 

3-68 

3-7 

3*4 

Magnesia   . 

0*87 

1*7 

1-6 

— 

Stannic  oxide 

10*41 

12*13 

Stannous  oxide  . 

— 

320 

6-3 

— 

TuDgstic  oxide    . 

24*33 

10 

30 

— 

Tin    ...        . 

— 

21*20 

9814 

100* 

100* 

9813 

The  residue  left  in  the  refining  of  the  metal  obtained  in  the  first  smelting  has 
the  ibllowing  composition : — 


Berthier 

Iron 66*6 

TSn 36-2 

Cobalt 4-0 

Arsenic 4*2 

Sulphur — 

100*0 


PhiUips 

62-60 

17-26 

1902 
1-26 

100*03 

Vaes. — Tin  is  employed  fbr  making  Tarious  kinds  of  vessels  for  domestic  use  and 
other  purpoftes,  and  is  often  alloyed  with  some  lead  in  order  to  render  it  less  brittle. 
It  iff  also  used  in  the  form  of  yery  thin  sheets,  called  tin  foil,  for  wrapping  articles 
of  food,  etc. ;  lookine-glasses  also  are  coated  with  tin  foil,  which  is  then  converted 
iritr>  an  amalgam  with  mercury,  and  thus  made  to  adhere  to  the  glass  and  present  a 
rery  brilliant  reflecting  surface.  Tin  is  also  extensively  employed  for  coating  sheet 
iron  and  rendering  it  more  suitable  for  use  in  the  form  of  domestic  vessels,  etc.,  by 
protecting  the  iron  from  atmospheric  oxidation.  Sheet  iron  so  coated  is  commonly 
called  tin  plate ;  it  is  prepared  by  dipping  sheets  of  iron,  well  cleansed  at  the  surface 
by  means  of  acid,  into  melted  tin  until  the  surface  is  sufficiently  coated  with  tin. 


^^ r^ Jin  forms  two  well-defined  series  of  compounds ;  it  is  tetraralent 

in  the  stannic  compounds,  and  divalent  in  the  stannous  compounds.  In 
many  respects  the  compounds  of  tin  present  considerable  analogy  with  those  of  silicon 
and  titanium.  Stannous  oxide  SnO  is  a  moderately  strong  base,  forming  definite 
•sline  compounds  with  acid  oxides ;  stannic  oxide  SnO,  is  an  acid  oxide  wmch  forms 
■line  compounds  with  water  and  basic  oxides ;  the  hydrogen  salt  H^O,  is  called 
stannic  acid.    The  oxide  Sn,0,  is  probably  a  compound  of  this  kind  in  whidbi 
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stannous  fjxide  is  the  base  combined  with  stannic  oxide.  There  are  in  the  same  way 
thrro  conipoundfi  of  tin  with  chlorine,  the  dichloride  SnClj  corresponding  to  stannous 
oxide,  tlie  tetrachloride  SnCl^  corresponding  to  stannic  oxide,  and  a  sesquichloride 
Sn-^Cl^  which  is  probably  a  compound  of  stannic  chloride  with  stannous  chloride, 
analogous  to  the  salts  formed  by  the  combination  of  stannic  chloride  irith  potassium 
chloride,  etc.,  called  chlorostannatos,  in  which  stannic  chloride  acts  the  part  of  an 
acid.  The  compounds  of  tin  with  fluorine,  with  bromine,  and  with  iodine  correspond 
to  stannous  and  stannic  chlorides ;  stannic  fluoride,  however,  has  not  been  obtained  in 
a  separate  state,  but  only  in  combination  with  other  fluorides  oonesponding  to 
potassium  fluoride,  in  the  form  of  fluostannates,  which  are  analogous  in  oonstita- 
lion  to  the  stannates,  but  contain  fluorine  in  the  place  of  oxygen ;  the  oompositton 
of  the  barium  salt  is  represented  b^  the  formula  BaF3SnF4aBaSnF^  These  com- 
pounds are  analogous  to  the  fluosilicates,  fluotitanates,  and  fluoborates  (see  p.  184). 
The  compounds  of  tin  with  sulphur  correspond  to  the  oxides,  and  stannic  ralphide 
SnS,  combines  with  basic  sulphides,  forming  a  series  of  compounds  called  sulpho- 
stan  nates  in  which  stannic  sulphide  acts  the  part  of  an  acid.  These  salts  are  also 
analogous  to  stannates,  but  contain  sulphur  in  place  of  oxygen. 

Tin  also  forms  a  number  of  compounds  with  alcohol  radicles. 

Tin  unites  with  most  other  metals  when  melted  with  them,  forming  alloys  which 
are  generally  hnnl  and  ductile.  In  some  instances  a  very  snmil  proportion  of  tin 
modifies  the  characters  of  other  metals  very  considerably. 

The  alloys  of  tin  witli  zinc  are  harder  than  tin  but  softer  than  zinc ;  t^ej  are  also 
loss  malleable  than  tin ;  that  containing  one-twelfth  part  ot  tin  is  used  for  making 
foil  that  is  employed  as  a  substitute  for  silver  leaf.  The  alloy  containing  6  molecular 
pniportions  of  tin  to  one  of  zinc  solidifies  at  204°,  and  the  alloys  of  these  metals  in 
different  proportions  separate,  when  gradually  cooled,  into  this  alloy  and  another 
which  solidifies  at  a  hif^her  temperature. 

The  alloys  of  lead  with  tin  are  harder  than  tin,  rather  darker  in  colour,  and  when 
bent  they  do  not  give  the  crackling  sound  characteristic  of  tin.  The  solder  used  for 
various  purposes  consists  of  lead  and  tin  in  the  following  proportions: 


Tin 

Lead 

Melting  point 

Fine  solder 

2 

1 

840O 

Common  solder 

1 

1 

870O 

Coarse  solder     > 

1 

2 

4410 

Sealed  solder     ( 

Pewter  generally  consists  of  tin  alloyed  with  one-iburth  its  weight  of  lead,  but 
zinc  or  other  metals  are  sometimes  added,  and  the  better  kind  contains  a  larger  pro- 
portion of  tin.  This  alloy  is  remarkable  in  not  being  acted  upon  by  acid  liquids  in 
the  same  way  that  lead  is,  and  on  this  account  it  can  be  used  for  domestic  utensils 
when  the  proportion  of  tin  is  not  less  than  82  per  cent.  Alloys  of  tin  and  lead  in 
vnrious  proportions  differ  considerably  in  the  melting  point,  as  shown  in  the  following 
table,  and  tney  are  used  as  baths,  for  tempering  articles  made  of  steel : 


Lead 

Tin 

Melting 
point 

used  for 

\ 

14 

8 

2130-4 

tempering  lancets 

15 

8 

221° 

„         surgicAl  instruments 

16 

8 

225° 

„         razors 

17 

8 

240° 

„          penknives 

28 

8 

257® 

„          shears 

38 

8 

262° 

„         hatchets,  planes,  etc. 

60 

8 

275° 

„          table  knives,  scissors,  etc 

96 

8 

284^ 

„          swords  and  watch  springs 

100 

8 

289° 

„          augurs,  saws,  and  strong  upimg^am^ 

The  alloys  of  tin  and  lead  are  remarkable  for  the  readiness  with  which  t' 
undergo  oxidation  when  heated  in  contact  with  atmospheric  air.  The  alloy  oontcxuiz 
ing  20  or  25  per  cent,  of  tin  burns  like  charcoal  at  a  red  heat.  This  oxidation  ^tf 
pears  to  be  promoted  by  the  combination  of  the  stannic  oxide  with  the  lead  os.  m<i« 
(See  Enamel,  p.  331.) 

l^he  alloys  known  by  the  names  of  b r o n z e,  g u n  metal,  bell  methl,  eowmsiBt 
either  entirely  or  chiefly  of  tin  and  copper,  and  their  characters  vary  according  to   tiM 
relat  i  ve  proportions  of  the  two  metals,  as  shown  in  the  following  table  by  Hallet  : 
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Copper 

Tin 

RX)eciflc 
gravity 

1 

Colour 

Tenacity 
24-6. 

HardncfiH 

1 

100- 

8-607 

^^^ 

10 

2 
8 

84-29 
82-81 

16-71 
1719 

8-661 
8-462 

[  reddish  yellow 

161 
16-2 

8 
5 

4 
5 

8M0 
78-97 

18-90 
21  03 

8-459 
8-728 

f ,  yellowish  red 

17-7 
13-6 

4 

3 

6 

76-29 

23-71 

8-750 

f  pale  red 

9-7 

2 

7 

72-80 

27-20 

8-576 

4-9 

1 

8 

68-21 

31-79 

8-400 

ash  grey 

0-7 

6 

9 

61-69 

38*31 

8-539 

dark  grey 

0-6 

7 

10 
11 

61-75 
34-92 

48-26 
6608 

8-416 
8066 

> '  greyish  white 

1-7 
1-4 

9 
11 

12 

21-16 

78-86 

7-389 

^ 

3-9 

12 

13 

16-17 

84-83 

7.447 

•  white 

} 

3-1 

13 

14 

11-82 

88-18 

7-472 

31 

14 

16 

9-68 

90-32 

7-442 

2-6 

16 

16 

0- 

100- 

7-291 

2-7 

16 

The  alloy  containing  only  a  small  proportion  of  tin  is  much  harder  than  copper, 
and  when  hammered  it  becomes  still  harder  and  brittle  ;  it  is  however  softened  by 
heating  to  redness  and  budden  cooling ;  when  slowly  cooled  it  becomes  hard.  The 
alloy  used  as  gun  metal  and  for  castings  contains  from  8  to  19  per  cent,  of  tin  ;  when 
the  tin  amounts  to  21  per  cent,  the  alloy  is  very  hard  and  suitable  for  the  bearings  of 
machinery ;  the  alloys  with  somewhat  larger  amounts  of  tin  are  used  for  casting 
bells,  and  some  zinc  and  lead  are  often  mixed  with  the  alloy.  In  proportion  as  the 
amount  of  tin  is  augmented  the  alloys  become  whiter  and  more  brilliant;  that  used 
for  the  mirrors  of  reflecting  telescopes,  under  the  names  of  speculum  metal,  con- 
tains about  33  per  cent  of  tin ;  it  is  very  hard,  of  a  steel  colour,  and  takes  a  high 
poUsh. 

The  alloys  of  tin  with  silver  are  nearly  as  white  as  silver.  They  are  brittle  and 
generally  hard,  that  containing  20  per  cont.  of  tin  being  as  hard  as  bronze. 

Tin  unites  readily  with  mercury,  even  at  the  ordinary  temperature,  forming  a 
brittle  granular  amalgam  if  the  proportion  of  mercury  is  not  too  large.  The  metiSlic 
reflecting  surface  on  plate-glass  mirnirs  consists  of  an  amalgam  of  tin. 

The  other  alloys  of  tin  will  be  described  under  the  heads  of  the  several  metals. 


UTAMMOJXB   OZZBB. 

Formula  SnO.    Molecular  Wbiort  134. 

Hlstonr. — The  distinction  between  the  oxides  of  tin  was  not  recognised  until  the 
latter  end  of  the  last  century. 


I. — Stannous  oxide  is  either  black,  greenish  brown,  or  red,  according  to 
the  way  in  which  it  is  prepared.  At  the  ordinary  temperature  it  is  not  oxidised  by 
contact  with  atmospheric  air,  but  when  heated  it  is  rapidly  converted  into  stannic 
oxide.  It  is  reduced  by  hydrogen  or  carbon  at  a  red  heat.  Chlorine  converts  it  into 
stannic  chloride  and  stannic  oxide ;  when  heated  with  sulphur  it  yields  stannic  sul- 
phide and  sulphurous  oxide ;  by  boiling  caustic  alkali  it  is  converted  into  alkaline 
stannate,  with  separation  of  metallic  tin ;  it  is  dissolved  by  acids,  forming  stannous 

aalts. 

Stannous  hydrate  Sn^H^O,,  as  obtained  by  mixing  a  solution  of  a  stannous 
salt  with  an  alkaline  carbonate,  is  a  white  precipitate  readily  soluble  in  acids  and 
fixed  alkalies,  but  insoluble  in  solution  of  ammonia.  When  boiled  with  water  it  is 
eonrerted  into  anhydrous  stannous  oxide,  and  by  exposure  to  the  air  it  is  oxidised  and 
converted  into  stannic  hydrate. 

Freparation. — Stannous  oxide  may  be  prepared  either  by  drying  the  hydrate 
out  of  contact  with  air  at  a  temperature  not  exceeding  80°  or  by  boiling  the  hydrate 
with  some  caustic  potash  or  soda  insufficient  to  dissolve  it.  It  may  also  be  prepared 
by  heating  stannous  oxalate  out  of  contact  with  air.  The  red  modification  is  prepared 
by  evaporating  a  dilute  solution  of  ammonium  chloride  in  which  stannous  hydrate 
oxide  is  suspended.  As  soon  as  the  chloride  crystallises,  the  hydrate  is  converted 
into  anhydrous  oxide  in  the  form  of  a  cinnabar  red  powder. 
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tlw  feparatian  of  which  the  wuahed  matariat  is  next  roaiUd  in  contact  vith  atmn- 
■[dirric  *ir,  by  which  means  sulphur  and  nrscnic  ars  olidieed  and  separated,  vhile  the 
metals  combined  with  these  suUtancee  aie  conrertad  into  oxides  or  eoluhlc  nul- 
phstes;  the  roosted  mBterial  ia  then  washed  again  with  water  to  diosolTe  out  the 
•oinble  salts  and  Fep&mc  the  insniuble  oxides,  which  are  inferior  in  density  to  st&nnic 
oiide.    Theneidne  left  after  this  treatmrat  of  the  ore  is  called  bUclc  tin. 

The  smelting  of  tin  ore  thus  prepared  is  effected  either  in  reverberatot-f  furnaces 
or  shaft  fomacee,  bj  hentjng  the  oiida  with  coal  or  charcoal  and  lime,  and  the 
chranical  change  ioTolred  in  this  operation  coniiiBts  chieflj  in  the  reduction  of  the 
Kanoic  oxide  by  the  carboaaceous  material  nsed  as  fuel.  The  tempei'atDTe  requisite 
for  this  rediLctioa  is  vary  high,  and  sufficient  to  effect  the  reduction  of  other  metallic 
□lidse  present  in  the  ore,  as  veil  as  to  determins  the  combination  of  etaanic  oxide 
with  silica  ;  ao  that  while  the  reduced  metal  thne  obtained  is  impure,  and  requires  re- 
lining  the  slag  or  scoria  produced  still  contains  some  tin,  and  is  agaio  smelted  in  ft 


a  frequently  contains  a  considenLble  a 
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Id  woAing  this  furnace  (he  bed  b  supplied  with  fresh  ore  through  an  opanitig 
in  the  arch  by  which  it  is  covered,  and  (he  oru  lying  upuu  the  tup  of  the  arch  is 
dried  by  the  waste  heat.  Close  to  the  working  donr,  whii'h  in  at  the  end  of  the  bed 
uppoaite  to  the  fire,  Ihcro  is  an  ascending  Quo  by  which  the  Hrsenical  vapour  pnxaes 
•var  into  an  arched  tnanel  of  cuosiderablo  length  when'  the  nrtcnons  oinlc  is 
condensad  and  dcpuaitrd.  While  this  operation  is  going  on  the  finely  diri^ln.!  ore  on 
tbe  bed  of  the  fomnce  requires  to  be  frequently  stirred  in  order  to  tucilitute  the 
oxidation  of  the  onenicH]  and  sulphur  cumpirande,  by  eip'.viiij;  fresh  eurfaees ;  and 
^fi-h«nii^l   BiriUigcmi.-uts  hare   been  deriscd  for  the  puriiose  of   efTecting  Ibis. 
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tin  remains  nndissolved.    When  the  acid  is  fully  dituratod  with  tin  the  liquid  ii  era- 
porated  and  loft  to  crjfitallise. 

Vses* — Stannous  chloride  is  extensiyely  used  as  a  mordant  in  dyeing  and  ealioo 
printing;  also  as  an  antichlor  and  as  a  reagent  in  volumetric  analysis. 


•TjIkJnrZC    OK&OBZBB. 

"FoBxuiA  SnCl^.    MoLBcniiAB  Weight  260. 

Rlstorj. — This  substance  -was  formerly  known  in  the  anhydrouB  state  as  the 
apiritus  fumans  of  Libayius.  In  1770  Demachy  observed  that  when  mixed  with  a 
small  quantity  of  water  it  solidified  to  a  soft  crystalline  fusible  mass  called  butter 
of  tin. 

The  solution  obtained  by  dissolving  tin  with  nitro-hydrochloric  acid  has  been 
known  since  1630,  when  Drebbel  discovered  its  use  for  dyeing. 

Cliaracten. — Stannic  chloride  is  a  colourless  mobile  liquid ;  its  specific  gravity 
is  2*234  ;  it  gives  off  dense  white  fumes  when  exposed  to  the  air  and  is  very  caustic ; 
it  boils  at  115°,  and  diutils  without  altoration.  When  heated  with  a  small  quantity 
of  water  in  a  seal(Ki  tube  it  is  decomposed  and  converted  into  stannic  oxide.  It 
absorbs  water  from  tlie  air  and  combines  with  it,  forming  a  crystalline  hydrate 
SnCl43H20  which  dissolves  in  water,  and  the  solution  when  evaporated  yields  crystals 
containing  5  molecules  of  water.  Stannic  chloride  is  decomposed  when  the  solution 
is  laigely  diluted  with  water,  and  stannic  acid,  or  metastannic  add,  is  precipitated. 
The  solution  of  stannic  chloride  is  decomposed  when  mixed  with  a  solution  of  alkaline 
sulphate,  and  stannic  hydrate  is  precipitated,  while  alkaline  chloride  and  acid  sulphate 
remain  in  solution. 

The  solution  of  stannic  chloride  dissolves  stannous  oxide,  forming  stannous 
chloride,  which  crystallises  with  4  molecules  of  water  when  the  solution  is  evaporated, 
and  the  liquid  contains  stannic  hydrate  dissolved  in  stannic  chloride : 

2SnCl4  +   2SnO   +   H,0   -  2SnCl,  +   HaSnO,  +   SnCl4. 

With  a  larger  proportion  of  stannous  oxide,  stannic  oxide  separates  in  the  hydrated 
states  and  the  liquid  contains  stannous  chloride : 

SnCl4  +   2SnO   -  SnO,  +   2SnClj. 

Stannic  chloride  dissolves  crystalline  sulphur,  but  not  amorphous  sulphur ;  from 
the  hot  saturated  solution  sulphur  crystallises  in  rhombic  prisms.  It  also  dissolves 
phosphorus  and  iodine ;  it  mixes  in  all  proportions  with  bromine  and  carbon  bisul- 
phide. It  absorl>s  ammonia  and  forms  the  compound  SnCl42NH,  which  sublimes 
without  decomposition  and  after  sublimation  is  soluble  in  water.  Vapour  of  sol- 
phuric  oxide  is  also  absorbed  by  stannic  chloride,  forming  a  solid  mass. 

Sulphuretted  hydrogen  is  absorbed  by  stannic  chloride,  and  some  hydrochloric 
acid  is  given  off,  while  stannic  sulphide  is  formed,  which  combines  with  part  of  the 
stannic  chloride  forming  a  reddish-yellow  liquid : 

3SnCl4   +   2H,S  «  SnSa2SnCl4  +   4lia. 

Stannic  chloride  combines  with  sulphur  tetrachloride,  forming  a  yellow  ciystalline 
substance  SnCl42SCl| ;  with  phosphorus  pentachloride,  forming  a  white  crystalline 
tnbstance  SnCliPClj ;  with  phosphorus  oxychloride,  forming  a  volatile  crystaUisable 
substance  SnCl4P0Cl„  and  with  phosphuretted  hydrogen  3SnCl42PH,. 

Stannic  chloride  combines  with  alkaline  chlorides,  forming  saline  compounds 
called  c  hi  or  OS  tan  nates,  which  correspond  to  the  stannates,  but  contain  chlorine 
in  place  of  oxygen,  and  the  stannic  chloride  acts  the  part  of  an  acid.  The  ammonium 
salt  2NH4Q.  SnCl,  is  a  crystalline  powder,  soluble  in  three  times  its  weight  of  water. 
The  concentrated  solution  is  not  decomj»osed  by  boiling,  but  a  dilute  solution  deposits 
st'innic  hydrate.  This  salt  is  used  as  a  mordant  in  calico-printing  under  the  Ttan^A 
of  pink  sal  t,  since  the  stannic  hydrate  separated  by  heating  a  dilute  solution  readily 
combines  with  colouring  substances,  and  renders  them  insoluble ;  it  is  prepared  by 
mixing  conceutraTtd  solutions  of  the  two  chlorides  in  proper  proportions.  The  potas- 
sium salt  2K2CI.  SnClj  is  soluble  in  water,  crystallisable,  and  permanent  in  the  air. 
The  sodium,  calcium,  magnesium,  barium,  and  strontium  salts  are  analogous. 

Vreparatlon. — The  anhydrous  substance  is  prepared  by  heating  metallic  tin  or 
stannous  chloride  in  contact  with  dry  chlorine,  or  by  distilling  a  mixture  of  tin  filings 
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ir  into  vhich  the  muted  c 


■e  falJg  after  h&nii^  ilovly  traTelled  down 
tntira  ImoUi  of  thn  tabe.     The  upper  end  of  the  tube  is  connected  with  condensing 
chamben  into  irlnch  the  products  of  combustion  from  the  furnace  pass,  together  with 
the  uMnieal  and  mlphoroua  vapo^  given  off  &om  the  on  in  roasting.    The  interior 


roasting. 

to  form  projecting 
raised  as  the  tube 


d  mlphor 
of  the  iron  tube  is  lined  v 

ridgM  parallel  with  the  &idg  of  the  tube ;  in  this  wbj  the  o 
TBTolrea,  and  is  then  ahot  off  Che  ridges  in  a  shower. 

Tin  OTeaomatimMcontainaa  considerable  amount  of  the  mineral  called  wolfram, 
whieh  cooeista  of  ferrous  tnngstate  and  manganous  timgstnle,  and  it  is  desirable  to 
•epante  this  lubstanee  before  emeltins  the  ore;  this  cannot  be  done  by  washing. 
einee  wolfram  has  neorlj  the  same  density  as  stannic  oiiils,  ajid  the  ordinary  calcinn- 
tion  also  has  little  eflbct  upon  it.  Oiland  has  deiised  a  method  of  separation  which 
consists  in  cooTerting  the  ttingatic  oiidD  of  the  wolfram  into  sodium  tungstate,  which 
is  BOlabte  in  water  and  can  be  washed  out,  while  the  iron  and  manganese  oiideB 
separated  can  be  got  rid  of  by  washing.  Fo;  this  purpose  the  ore  is  mixed  with 
ratber  more  soda  aah  than  is  jnifficienl  to  form  sodium  tungst&te  bj  acting  upon  the 
wolfram  present.  This  miitare  is  then  heated  upon  the  bed  of  a  rererberatory 
fomaee  until  it  becomu  red  hot  and  has  a  sami-Iiquid  appearance.  Meanwhile  the- 
maSH  is  well  stirred,  and  after  two  or  three  hours  it  is  drawn  from  the  fomaee :  when 
cold  it  is  lixiriated  with  water  until  the  soluble  portion  is  extracted.  The  residue  iff 
then  washed  with  ■waiar  so  as  to  float  oBT  the  oiides  resulting  from  the  decomposition 
of  the  wolfnm,  and  lenTo  the  heainor  stannic  oiide  ready  for  reduction 

SacTiHo  m  liiyBBBEBATVBT  FtiBKACt.? — This  plan  IB  BOW  generally  adopted 
in  Cornwall,  and  the  fnmoces  used  fur  the  purpose  are  represented  by  figs  3S4  and 
367.  Thebed(/)isBlighlljhoUowe(' 
and  the  fire  bridge  (c)  by  which  it 
wpantlfd  from  the  fireplace  {h) 
pruTided  with  an  air  channel  (i)  e; 
tending  also  under   the    bed    of    " 


lapping  hole  (a),  by  wni<:h  the  r«lu  ud 
melfJ  ran  bedrawn  off  into  the  basins 
{ii>  The  working  door  Misplaced 
at  the  end  of  the  bed,  and  Ihegaseoas 
pmlucts  pass  off  (ht«ngb  the  flue  [ly 
into  a  chimney  (m)  at  the  side 

The  material  to  be  smelted  which 
should  contain  from  60 
of  tin.  is  well  mixed  ^ 
fifth  its  weight  of  small  coal,  some 
staked  lime  and  flnor  spar,  somelimcB 
alfowith  a  little  sodium  chloride  ;  the 
miitore  is  slightly  damped  with 
before  it  is  chained  into  the  furnarr, 
and  after  about  fire  hours,  when  the 
heat  has  been  raised  to  a  snfScient  de- 
(CTpe.  the  mass  is  welt  stirred  wiih  a 
rabble  to  facilitate  theBoporattonof  the 
reiloced  metal  from  the  slag  which  is 
drawn  ont  through  the  door  (r).  The 
metal  and  some  llqnid  vitreous  stag  are 
then  run  off  through  the  tap  hole  (g) 
•lag  is  skimmed  off. 

The  metallic  tin  thus  obtnined  is  slill  impure,  a 
ing  it  in  a  rcrerberatory  furnace  of  the  same  cuns 
melts  and  runs  down  npon  the  hearth,  Iraring  a 

anecie.  etc.  By  opening  the  lap  hole  the  melted  metui  is  oniwn  into  one  oi  tne 
basins  (*  *).  under  winch  there  is  »  fire  kept  up  sufEciont  to  n-tnin  tho  metal  in  the 
liquid  state  ;  it  is  stirred  with  a  piece  of  green  wood  for  seyeral  hours,  and  the  drosi 
formed  meanwhile  is  skimmed  off  the  surface. 

Another  mode  of  refining;  the  tin  i<  to  lift  the  liquid  metal  in  ladles  and  poor  it 
back  ffita  a  connderable  height  into  the  pot.  lu  either  case,  when  the  formation  of 
dross  has  ceased,  the  metal  is  ladled  out  into  moulds. 


Fio.  367. 
le  of  tho  basins  (iA)  where  the  melleJ 

id  it  is  refineil  by  gradoall;  hcnt- 
ruction  as%,  388  until  Iho  tin 
less  fuBil,lc  mixture  of  tin,  iron. 
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acid  to  the  solution  of  fin  alkaline  snlphostannate.  The  ammoninmealt  2NH4.SnS, 
isHoluble;  the  potassium  salt  K2SnS,  is  a  heavy  dark  brown  oiljliqnid;  the 
sodium  salt  fbnns  cirstals  containing  water  Na^SnSs'iHsO,  and  it  combines  with 
sodium  sulphide,  forming  a  colourless  crystallisable  salt  resembling  gypsum,  the 
composition  of  which  is  represented  by  tho  formula  Na2SNa2SnS,12^0.  The  cor- 
responding barium,  calcium  and  strontium  salts  are  sparingly  soluble  in  water.  The 
compound  of  tin  and  sulphur,  called  sesquisulphide  Sn^S,,  intermediate  between 
stannous  sulphide  and  stannic  sulphide,  is  probably  a  stannic  sulphostannate  SnSnSi ; 
it  is  a  greyish  yellow  subNtance  with  metallic  lustre,  or  a  liver-coloured  powder  when 
obtained  by  digesting  stannic  sulphide  with  a  saturated  solution  of  sulphostannate. 

Preparatton. — Stannic  sulphide  may  be  prepared  by  heating  a  mixture  of  tin 
filings,  sulphur,  and 'ammonium  chloride  or  mercuric  chloride.  So  much  heat  ia 
evolved  by  the  coml^ination  of  the  tin  and  sulphur,  that  the  sulphide  would  be  decom- 
posed unless  this  heat  were  absorbed  by  volatilisation  of  the  ammonium  chloride. 
There  is,  however,  a  chemical  action  between  the  tin  and  the  ammonium  chloride, 
according  to  Ae  following  equation : 

2Sn  +  4NH4Cl  =  2NH,Cl.SnCl,  +  2H  +  2NH,. 

The  ammonium  chlorostannate  thus  formed  is  again  decomposed  by  reaction  with 
sulphur,  yielding  stannic  sulphide  and  ammonium  chlorostannate,  according  to  the  fol- 
lowing equation : 

2(2NH4Cl.SnCl,)  +   2S  =  SnS,   +   2NH4Cl.SnCl4  +   2NH4CL 

Stannous  oxide,  stannous  sulphide,  or  stannous  chloride  may  be  substituted  for  the 
metallic  tin  in  preparing  stannic  sulphide.  The  mixture  is  heated  in  a  glass  retort  or 
flask  until  the  excess  of  sulphur  is  driven  off  from  the  stannic  sulphide. 

iStannic  sulphide  is  obtained  in  the  amorphous  form  by  passing  sulphuretted 
hydrogen  into  a  solution  of  stannic  chloride. 

Vses* — The  ciystalline  variety  of  stannic  sulphide  is  used  under  the  name  of 
mosaic  gold  for  coating  objects  in  imitation  of  bronze.  Sometimes  also  it  is  used 
in  place  of  the  amalgam  of  tin  and  due,  for  coating  the  rubbers  of  electrical  machines. 


Symbol  Ti.    Atoxic  Wkobt  60. 

This  elementary  substance  was  discovered  in  1789  by  Ghregor  as  a  constituent  of  it 
Cornish  mineral  cslled  men  a  ccanite,  and  in  1795  KlaproUi  discovered  the  same 
substance  in  rutile  :  in  1802  Vauquelin  showed  that  anatase  consisted  essentially 
of  a  compound  of  this  substance  with  oxygen,  and  in  1822  Wollaston  ascertained  the 
presence  of  a  compound  of  titanium  and  nitrogen  among  the  products  of  iron 
smelting  furnaces. 

Titanium  does  not  occur  naturally  in  the  free  state,  but  is  most  frequently  met 
with  in  combination  with  oxygen  either  as  rutile,  anatase,  and  brookite,  or  com- 
bined with  lime  as  perowskite,  with  ferrous  oxide  as  ilmenite  and  several  ana- 
logous minerals,  among  which  are  the  various  kinds  of  titaniferous  iron  ore.  The 
compound  of  titanic  oxide  and  lime  also  occurs  combined  with  calcium  silicate  as 
spheneortitanite;  titanium  occurs  likewise  in  a  number  of  rare  minerals  con- 
taining cerium,  yttrium,  tantalum,  and  niobium  ;  some  iron  ores  contain  titanium  in 
small  amount. 

Titanium,  as  usually  obtained  by  the  reduction  of  the  oxide,  or  by  heating  the 
double  titanium  and  potassium  fluoride  with  metallic  potassium,  is  in  the  form  of  a 
dark  greenish-coloured  amorphous  powder,  but  it  may  be  obtained  in  prismatic 
crystals  by  heating  sodium  in  tho  vapour  of  titanium  chloride :  heated  in  atmospheric 
air,  in  oxygen,  or  in  chlorine,  it  bums  with  great  brilliancy ;  it  does  not  decompose 
water  until  the  temperature  is  raised  to  100°.  Titanium  is  dissolved  by  hydrochloric 
a.'^id.  and  it  has  a  great  disposition  to  combine  with  nitrogen  at  a  high  temperature. 

There  are  at  least  two  series  of  titanium  compounds,  in  one  of  which  that  sub- 
stance is  quadrivalent,  while  in  tho  other  it  is  apparently  trivalent,  as  in  the  ozidee 
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TiO,  and  TijO^  or  in  the  chlorides  TiCl^  and  Ti,Clg.  There  is  probably  another 
series  of  titanium  componnds  corresponding  to  an  oxide  having  the  formula  TiO. 

Titanium  unites  with  aluminum,  forming  a  jellowish-brown  crystalline  alloy :  it 
is  alao  found  in  some  kinds  of  pig  iron,  and  its  presence  in  iron  is  said  to  be  aavan- 
tageous,  but  it  is  still  doubtful  whether  the  titanium  in  iron  exists  as  an  alloy,  or 
merely  disseminated  through  the  mass. 

Titanous  oxide  Ti^O,  is  a  black  pulverulent  substance  obtained  by  heating  ti- 
tanic oxide  to  redness  in  contact  with  hydrogen.  In  this  state  it  is  not  dissolved  by 
nitric  acid  or  hydrochloric  acid,  but  sidphuric  acid  dissolves  it,  forming  a  violet-coloured 
solution,  from  which  a  crystalline  deliquescent  salt  having  the  formula  TijOiSSO, 
may  be  obtained  by  evaporation  over  sulphuric  acid. 

The  hydrated  titanous  oxide  obtained  by  adding  ammonia  to  a  solution  of  titanous 
chloride  is  a  dark  brown  substance,  insoluble  in  water  but  soluble  in  acids,  and  appa- 
rently forming  salts,  though  the  sulphate  is  the  only  one  that  has  been  obtained  in  a 
solid  state.  Titanous  hydrate  gradually  oxidises,  turning  black,  blue,  and  eventually 
white,  while  hydrogen  is  evolved ;  the  blue  colour  is  probably  due  to  the  formation  of 
a  titanous  titanate. 

Titan  ic  oxide  TiO,  is  a  reddish- coloured  substance  fusible  only  at  a  very  high 
temperature,  insoluble  in  water  and  all  acids  except  strong  sulphuric  acid ;  as  it 
occurs  naturally  it  is  crystalline,  and  crystals  of  it  may  be  obtained  by  decomposing 
the  vapour  of  titanic  chloride  by  steam  in  a' red-hot  tube. 

Titanic  oxide  forms  saline  compounds  with  ba.sic  oxides,  the  hydrate  2H2O  TiO,,  or 
hydrogen  salt,  called  titanic  acid,  and  corresponding  to  stannic  acid,  being  the  repre- 
sentative of  the  compounds  called  titanate  s. 

There  is  also  another  hydrate  analogous  to  metastannic  acid,  which  is  called  meta- 
titanic  acid,  and  there  is  a  corresponding  series  of  met  a  titanate  s. 

Titiinic  acid  is  obtained  by  adding  ammonia  to  solution  of  titanic  chloride,  as  a 
white  pulverulent  substance  which  acquires  a  yellowish  colour  when  heated,  and 
becomes  white  again  on  cooling.  At  a  high  temperature  it  loses  water,  and  is  converted 
into  titanic  oxide,  with  vivid  incandescence.  Titanic  acid  is  dissolved  readily  by 
hydrochloric,  nitric,  and  sulphuric  acids,  even  when  they  are  dilute,  and  when  the 
dilute  solutions  are  boiled,  metatitanic  acid  is  deposited  as  a  white  powder,  insoluble 
in  all  acids  but  strong  sulphuric  acid.  Titanic  acid  is  also  converted  into  metati- 
tanic acid  by  washing  with  hot  water  and  by  drying  it  at  a  high  temperature. 

The  other  saline  compounds  in  which  titanic  oxide  acts  the  part  of  an  acid  oxide 
present  a  general  analogy  with  the  stannates  and  silicates.  The  potassium  salt  K,TiO, 
obtained  by  fusing  titanic  oxide  with  potassium  carbonate  is  a  yellowish  fusible  mass 
decomposable  by  water  into  an  insoluble  acid  salt,  and  a  soluble  t^alt  containing  a 
larger  proportion  of  basic  oxide.  The  sodium  salt  is  similar.  Calcium  titanate 
CaTiO,  occurs  naturally  as  perowskite,  and  in  combination  with  calcium  silicate 
asBpheneortitanite  CaTiO,  Ca  SiO,.  Ferrous  titanate  Fe2Ti04  is  a  constituent  of 
ilmenite  and  the  varieties  of  that  mineral  comprised  under  the  name  of  titaniferous 
iron  ore. 

Titanic  oxide  also  presents  the  character  of  a  feeble  base,  and  it  forms  saline 
compounds  with  some  acid  oxides ;  the  sulphate  TiO,SO,  is  formed  when  titanic  oxide 
is  dissolved  in  strong  sulphuric  acid ;  the  solution  gelatinises  on  cooling,  and  when 
part  of  the  sulphuric  acid  is  evaporated,  a  white  powder  is  obtained,  the  composition 
f>f  which  corresponds  with  the  ahove  formula ;  it  is  soluble  in  hydrochloric  acid,  and 
^hen  ignited  gives  off  all  the  sulphuric  acid.  The  nitrate  obtainecl  by  dissolving 
titanic  hydrate  in  nitric  acid  forms  crystalline  lamins  imperfectly  soluble  in  water ; 
the  phosphate  is  formed  on  adding  ammonium  phosphate  to  a  solution  of  titanic  hydrate 
in  hydrochloric  acid,  as  a  white  gelatinous  precipitate ;  and  the  oxalate  is  a  curdy 
mass  obtained  on  boiling  the  aqueous  solution  of  a  titanic  salt  with  oxalic  acid. 

Titanic  oxide  does  not  dissolve  in  solution  of  caustic  alkali ;  but  it  may  be  rendered 
soluble  by  fusion  with  acid  potassium  sulphate,  and  in  this  particular  it  differs  from  silica. 

Titanous  chloride,  TijCl,,  presents  the  form  of  violet-coloured  scales  soluble 
in  water;  it  is  volatilisable,  deliquescent,  and  readily  oxidised.    • 

Titanic  chloride,  TiCl^  is  a  colourless  volatile  liquid;  its  specific  gravity  is 
1*76  at  0®,  and  it  boils  at  135*^ ;  it  is  obtained  by  passing  chlorine  over  an  ignited 
mixture  of  titanic  oxide  and  carbon ;  when  exposed  to  the  air  it  absorbs  moisture  and 
forms  a  crystalline  hydrate,  but  is  decomposed  when  mixed  with  a  large  proportion 
of  water ;  it  forms  double  salts  with  ammonium  chloride,  and  combines  with  ammonia, 
cyanogen,  hydrocyanic  acid,  phosphine,  and  sulphur  tetrachloride.  When  heated  in 
contact  with  hydrogen,  it  is  converted  into  titanous  chloride. 

Titanic  sulphide,  TiS,,  which  is  the  only  known  compound  of  titanium  and 
mlphnr,  resembles  the  corresponding  tin  compound. 

The  nitrides  TIN,,  Ti^N^  and  Ti^Ng  are  violet  or  copper-coloured  substances.    The 
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eomponnd  of  titanic  cyanide,  TiCy^,  with  another  nitride,  Ti^N,,  ia  sometimes  found, 
in  the  form  of  copper-coloured  crystals,  among  the  products  of  iron-smelting  foznaces, 
and  it  was  for  a  long  time  6upr>osod  to  bo  metallic  titanium.  The  composition  of  this 
substance  is  represented  by  the  formula  TiCysSTi^N,.  Its  production  is  probably 
connected  with  the  formation  of  potassium  cyanide,  which  is  frequently  obserred  in 
iron  furnaces. 

Titanic  fluoride,  TiF^,  is  a  colourless  volatile  liquid;  it  combines  with  hydro- 
fluoric acid  and  other  fluorides,  funning  a  series  of  crystalline  salts  called  flnotita- 
nates,  which  are  isomorphous  with  the  fluoeilicatos,  fluostannates  and  fluoDiconatM. 


TUW08! 

Stmbol  W.    AfoMTC  Wmoht  184. 

This  elementary  substance  was  first  isolated  by  the  brothers  D*£lhigar  in  178jt, 
and  shortly  before  both  Scheele  and  Bergman  had  come  to*  the  conclusion  that  the 
mineral  wolfram  contained  a  peculiar  metallic  oxide  combined  with  iron  in  an 
oxidised  state.  Tungsten  occurs  only  in  the  oxidised  state,  either  as  wol  fram  i  te,  or 
combined  with  ferrous  oxide  and  manganous  oxide  as  wolfram,  or  with  lime  as 
scheelite,  and  with  load  oxide  as  scheeletine. 

As  prepared  by  reduction  of  the  oxide,  tungsten  is  a  steel-grey  powder  which  ac- 
quires a  metallic  lustre  by  burnishing;  the  specific  gravity  is  abont  17*6;  it  melts 
only  at  a  very  high  temperature.  When  heated  in  contact  with  atmospheric  air  in  a 
pnlverulcnt  state,  tungsten  is  oxidised  and  converted  into  tungstic  oxide ;  but  when 
heated  in  a  com^vict  stJite  it  imdci^goes  no  change ;  aqua  regia,  or  nitric  acid,  converts 
it  into  tungstic  acid,  and  by  fusion  with  caustic  ur  carbonated  alkalies,  or  by  boiling 
with  solutions  of  those  substances,  it  is  converted  into  a  soluble  alkaline  tungstate. 
Tungsten  may  W  prepared  from  the  oxide  or  nitride  by  heating  either  of  them  to 
redness  in  a  titrcam  of  liyilrogon,  or  by  submitting  a  mixture  of  tungstic  oxide  and  car- 
bon to  an  intense  heat  in  a  oruciblo  lined  ^ith  charcoal. 

Tungsten  forms  compounds  in  which  it  is  respootirely  quadrivalent  and  sexivalent, 
as  in  the  chlorides  WCJ^  and  "WClg,  or  the  oxides  WO,,  WO,.  Neither  of  the 
oxides  forms  saline  compounds  with  acid  oxides,  but  tungstous  oxide,  WO,,  combines 
with  soda,  forming  sodium  tuugstite  Na,02W02,  and  tungstic  oxide  combines  with 
bases  to  form  the  tungstates. 

There  is  an  intermediate  series  of  compounds  represented  by  the  chloride  W,CI|, 
and  the  oxide  W^O^,  whioh  are  probably  compounds  of  tungstous  chloride  or  tungstous 
oxide  with  tungstic  chloride  and  tungstic  oxide. 

The  bromides,  fiuorides,  sulphides,  and  phosphides  are  represented  by  the  formule 
WBr„  WjBfi,,  WF^  W"S,,  W\S,,  W,P,,  W^*.  Tungsten  has  been  alloyed  with  sereni 
other  metals  ;  it  forms  with  ste«4  an  extraordinarily  hard  alloy,  containing  9  to  10  per 
cent,  of  tungsten  :  wootz,  or  Indian  steel,  contains  tungsten.  The  presence  of  tungsten 
in  st«el  is  said  to  increase  its  power  of  retaining  magnetism. 

Tungstic  oxide  WO,  occurs  naturally  as  wolframite  or  as  wolframochre, 
accompanying  other  minerals  containing  tungsten.  It  is  a  yellow  powder  insoluble 
in  water  and  in  acids,  but  solulde  in  alkalies,  and  may  be  obtained  in  a  crystallised 
condition.  When  heated  the  yellow  colour  changes  to  green  without  any  chemical 
alteration,  and  on  coolins  the  yellow  colour  returns.  Beducing  agents  ccmvert  it  into 
the  brown  tungstous  oxiilo,  and  when  heatetl  to  redness  on  charcoal  it  is  reduced  to  the 
metallic  sU'ite.  Tungstic  oxide  coml lines  with  basic  oxides,  forming  the  salts  called 
tuni;states.  and  the  hydr.Uc  W0,II.0  or  tungstic  acid  is  obtained,  as  a  vellow  pre- 
cipitiite,  when  a  hot  solution  of  an  alkaline  tungstate  is  mixed  with  hydrociiloric  acid. 
Another  hydrate  WO,2Il30  is  formtni,  as  a  white  gelatinous  precipitate,  when  a  eold 
dilute  solution  of  alkaline  tungstate  is  mixe<i  with  an  acid,  or  when  tungstie  chloride 
is  mixed  with  a  large  proportion  of  water.  Tungstic  acid  is  insoluble  in  water  and  in 
most  acids,  but  there  is  a  modific.-ition  of  it  correspouiiing  t'>  metastannie  acid  and 
metatitanic  acid,  which  is  ven-  S'dublc  in  water,  forming  a  syrupy  liquid  of  soar  and 
bitter  taste.  It  is  obtains  I  in  form  of  a  salt  by  boiling  an  ordinaiy 
with  excess  of  tungstic  hydrate. 
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The  salU  corresponding  to  tungstic  acid  and  metatungBtic  acid  are  somewhat  com- 
plex in  character.  The  alluline  tnngstates  and  magnesic  tungstate  only  are  soluble  in 
water,  whilst  nearly  all  the  metatimgstates  are  soluble.  The  alkaline  tungstates  are 
obtained  from  wolfram  by  fusion  with  alkaline  carbonates,  the  sodium  salt,  from  which 
most  of  the  other  salts  are  prepared,  being  represented  by  the  formula  Na^OWO,. 

Sodinm  tungstate  has  been  used  as  a  mordant  in  dyeing  and  in  calico  printing, 
and  more  particularly  to  render  cotton  fabrics  uninflammable. 

Metatungstic  acid  is  said  to  be  a  delicate  test  for  detecting  organic  bases  when 
occurring  in  solution,  excelling  in  that  respect  phosphomolybdic  acid, 

Tungstic  chio ride  WC1«  forms  dark  violet  scales,  which  by  sublimation  can 
be  obtained  in  needles  having  a  metallic  appearance.  It  may  be  prepared  by  heatins; 
tnngsten  or  its  sulphide  in  chlorine  gas ;  also  by  passing  chlorine  over  an  ignited 
mixture  of  tungstic  oxide  and  charcoal.  It  melts  at  183°  to  a  black  liquid :  its  vapour 
density  is  11*86.  Heated  in  contact  with  air,  tungstic  chloride  is  converted  into  the 
red  monoxychloride  WCl^O,  and  tungstic  hydrate  WO,  2H,0.  Alkalies  dissolve  it 
with  the  formation  of  tungstates.  Two  compounds  of  tungstic  chloride  with  tungstic 
oxide  are  known ;  the  dioxychloride  WClg,  2  WO,  is  a  yellow  solid,  volatilising  at  about 
266®,  which  is  formed  when  tungstic  dioxide  is  heated  in  chlorine ;  the  red  monoxy- 
ehloride  2WClfW0,  is  produced  by  the  action  of  heat  on  the  dioxychloride. 


Symbol  Mo.    Atomic  Weight  96. 

The  existence  of  this  elementary  substance  as  a  peculiar  constituent  of  the  mineral 
molybdenite  was  iirst  indicated  in  1778  by  Scheole,  who  established  the  distinc- 
tion between  that  mineral  and  graphite,  with  which  it  had  previously  been  confounded. 
The  terms  fi6\vfiJios,  plumbago,  were  vaguely  applied  by  Dioscorides  and  Pliny  to 
litharge,  galena,  and  other  substances  containing  lt>ad,  and  at  a  later  period  antimonous 
sulphide,  graphite,  and  native  manganese  peroxide  were  regarded  as  being  closely 
rehited,  if  not  identical  with  molyMenite,  until  Pott  proved,  in  1740,  that  it  did  not 
contain  lead.     In  1781  Bergman  suggested  that  the  substance  produced  by  oxidising 
molybdenite  might  be  a  metallic  oxide,  and  in  1782  he  announced  that  it  had  been 
reduced  by  Hjelm.  In  1797  Klaproth  showed  that  wulfenite  was  a  lead  molybdate. 
Molybdenum  occurs  only  in  combination,  either  with  sulphur  as  molybdenite, 
or  in  the  oxidised  state  combined  with  lead  oxide  as  wulfenite.     It  is  a  white  and 
brittle  metallic  substance,  with  a  specific  gravity  of  86.     At  the  ordinary  temperature 
it  is  unoxidisable  in  the  air,  but  it  bums  when  heated,  fonning  a  trioxide.    Nitric  acid 
oxidises  it  first  to  molybdic  dioxide,  then  to  the  trioxide  ;  sulphuric  acid  converts  it 
into  molybdic  dioxide,  then  into  the  blue  oxide,  or  molybdic  molybdate  MoO„  4M0,. 

Molybdenum  may  be  prepared  by  reducing  the  oxides  with  hydrogen  or  by  expos- 
ing theii  to  a  white  heat  in  a  crucible  lined  with  charcoal.  It  forms  compounds  in 
'Which  it  is  respectively  bivalent,  quadrivalent,  and  nexivalent ;  as  in  the  oxides  MoO, 
ItfoOj,  MoO,,  or  the  chlorides  MoCl^  and  MoCl^,  and  the  fluoride  MoF,.  Both 
xnolybdous  oxide  MoO  and  molybdic  oxide  MoO,  combine  with  acid  oxides  forming 
aalts,  and  molylxlenum  trioxide  combines  with  basic  oxides  forming  the  molybdates. 
Molybdenum  unites  with  most  metals,  rendering  themloss  fusible  but  more  brittle. 
The  alloy  of  molybdenum  and  iron  is  sometimes  formed  in  smelting  copper  ore. 
^nd  constitutes  the  deposits  known  as  ' bears'  which  are  found  in  the  furnaces. 

Molybdous  oxide  MoO  is  black  in  ordinary  daylight ;  it  combines  with  acid 
oxides,  forming  molybdous  salts,  and  is  obtained  in  the  hydrated  state  as  a  black 
precipitate  by  adding  ammonia  to  the  dark-coloured  solution  of  molybdous  chloride 
formed  when  one  of  the  higher  oxides  is  brought  into  contact  with  hydrochloric  acid 
9%nd  zinc,  or  one  of  the  metals  which  decompose  water.  The  anhydrous  oxide  is 
obtained  by  drying  the  hydr.ite  in  a  vacuum ;  it  is  insoluble  in  acids  pnd  oxidises 
'^rhen  exposed  U)  the  air.  The  hydrate  is  dissolved  by  acids,  forming  molybdous 
Salts,  the  solutions  of  which  are  bhick  or  purple  and  nearly  opsvque,  except  when 
largely  diluted,  when  they  have  a  greenish- brown  colour;  these  salts  have  an 
astringent  taste,  and  when  exposed  to  the  air  they  undergo  oxidation. 
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Molybdicozide  MoO,  has  a  reddish-brown  colour,  and  combines  withaeid  oxides 
forming  molybdicsalts;  as  obiai  nod  by  reduci  ng  molybdic  trioxide  with  hjdxogen ; 
it  is  insoluble  ia  acids  and  in  cauhtic  alLilies,  but  is  oxidised  by  ignition  in  oontaet 
with  atmospheric  air  and  by  nitric  acid.  In  the  hydrated  state  it  is  obtained  as  a 
reddish-brown  precipitate  by  adding  ammonia  to  a  solution  of  molybdic  chlcnide  or 
some  other  molybdic  salt.  The  hydrate  is  sparingly  soluble  in  water,  and  is  dissolTed 
by  acids,  forming  dark  red  bolutioiis  of  molybdic  salts ;  it  is  insoluble  in  caoatie 
alkalies,  but  dissolves  in  solutions  of  ammonium  carbonate  or  potassium  carbonate,  and 
more  readily  in  a  solution  of  acid  carbonate ;  on  boiling  these  solutions  moljbdic 
oxide  is  precipitated  of  a  yellowish  colour. 

Molybdenum  trioxide  MoO„  or  permolybdic  oxide,  occurs  natorallj  as 
molybdic  ochre,  sometimes  in  rhombic  prisms ;  as  prepared  artificially,  it  is  wiiita 
and  porous,  having  a  specific  gravity  of  3*49.  It  melts  at  a  red  heat,  then  sublimes  in 
laminae,  but  when  heated  out  of  contact  with  air  it  does  not  volatilise.  Hydrogen, 
charcoal,  and  sodium,  with  the  aid  of  heat,  reduce  it  to  the  metallic  state.  It  is  very 
sparingly  soluble  in  water.  Molybdenum  trioxide  maybe  prepared  by  heating  native 
molybdic  sulphide  in  a  current  of  air  in  an  open  glass  tube,  when  the  trioxide  sablimes^ 
in  a  pure  state. 

Molybdenum  trioxide  forms  with  bases  well-characterised  neutral  and  acid  salts 
called  molybdatos;  the  neutral  salts  may  be  represented  by  the  formula  of  the 
ammonia  salt  2NH4  M0O4.  The  neutral  alkaline  molybdates  formed  by  digesting  the 
trioxide  with  alkalies  are  very  soluble  in  water ;  the  other  molybdates  are  insoluble 
and  are  obtained  by  precipitation.  Lead  molybdate  PbMo04  occurs  natozally  as 
wulfenite. 

With  some  acids  molybdenum  trioxide  also  forms  compounds  ;  permolybdic  phos- 
phate is  a  yellow  insoluble  salt,  sometimes  called  phosphomolybdic  acid ;  it  is  obtained 
by  digesting  the  trioxide  in  ac|ueous  phosphoric  acid.  A  &ie  yellow  precipitate  of 
unascertained  composition  is  produced  by  the  addition  of  ammonic  molybdate  to  a 
solution  containing  phosphoric  acid,  and  this  reaction  is  employed  to  detect  phosphoiie 
acid. 

Molybdic  sulphide  MoS,  occurs  naturally  as  molybdenite  in  veins  of  iron 
and  tin  ores.  It  is  of  a  lead-grey  colour,  with  metallic  lustre  ;  sp.  gr.  about  4*4.  It 
undergoes  no  change  when  heated  out  of  contact  with  air ;  but  in  contact  With  air  it 
is  converted  into  molybdenum  trioxide.  with  evolution  of  80^  At  a  red  heat  it 
decomposes  water  vapour.  It  is  dissolved  by  aqua  regia,  forming  molybdic  add  and 
sulphuric  acid ;  and  is  oxidised  by  nitric  acid.  It  may  be  prepired  artificially  by 
heating  molybdenum  tnoxido  with  sulphur. 

Molybdenum  forms  two  other  sulphides,  the  trisulphide  MoS,  and  the  tetzasulphide 
MoS|,  both  of  which  combine  with  bs^ic  sulphides,  forming  sulpho-salts — namely,  the 
sulphomolybdates  and  the  persulphomolybdates  represented  by  the  formule  FjKMoSg 
or  K^oS4  andigSMoS^  or  K,MoS«. 


Symbol  V.    Atomic  Weioht  61*2. 

This  elementary  substance  was  discovered  in  1830  by  Seftstrom  as  a  constituent 
of  the  iron  ore  of  Taberg  in  Sweden,  and  in  a  previous  investigation  of  a  lead  ore  from 
Zimapan  in  Mexico,  Del  Rio  had  detected  it  as  a  peculiar  metal,  to  which  he  gave  the 
nam  eoferythronium.  The  chemical  relations  of  vanadium  were  more  fully  studied 
by  Berzelius,  and  in  1830  Wohler  showed  that  the  Mexican  mineral  examined  by  Del 
Rio  was  lead  vanadate.  More  recently,  Roscoe  has  shown  that  the  substance  regarded 
by  Berzelius  as  vanadium  was  really  an  oxide. 

Vanadium  occurs  chiefly  in  the  oxidised  state  and  in  combination  with  lead  oxide 
as  dechenite  and  descloizite;  also  combined  with  lead  chloride  as  vana- 
dinite ;  it  has  been  also  found  in  some  iron  ores  and  in  the  cupriferous  sandstone  of 

Cheshire. 

As  prepared  from  the  chloride  by  the  action  of  hydrogen  at  a  red  heat^  vanadium 
is  crystalbne,  and  of  a  silver- white  lustre ;  it  does  not  change  when  in  contact  with 
the  air  at  the  ordinary  temperature,  or  at  100° ;  but  when  ignited  in  oontact  with  atr 
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moflpheric  air  it  gradually  absorbs  oxygen,  becomes  brown,  possibly  in  consequence 
of  the  formation  of  the  monoxide  V^O,  and  is  eyentaally  converted  into  the  pentoxide 
yfi^;  it  combines  directly  with  oxygen,  chlorine,  and  nitrogen,  forming  r^spec- 
tively  the  pentoxide,  tetrachloride,  and  yanadic  mononitride.  It  is  insoluble  in  either 
hot  or  cold  hydrochloric  acid,  but  soluble  in  sulphuric  acid,  nitric  acid,  and  in  hydro- 
fluoric add,  with  eyolution  of  hydrogen. 

Yaoadium  may  be  prepared  in  the  pure  state  by  reducing  one  of  the  vanadic 
chlorides  in  a  stream  of  liyarogen. 

In  its  compounds  it  is,  according  to  Roscoe,  analogous  to  arsenic  and  phosphorus, 
b  being  pentavalent,  as  in  Tanadic  oxide  V2O5,  in  sodium  orthoranadate  3Na,0.  YgOg 
«2Na,V04,  sodium  pyrovanadate  2Na,O.Vj04  =  Na4VjO„  vanadic  oxytrichloride 
VOCl,,  and  it  resembles  nitrogen  in  its  oxides,  VjO,  V^Oj,  VjO,,  yfi^,  VjO^. 

The  three  chlorides  VCl^,  VCl,,  and  yOl4  have  been  obtained,  the  first  two  from 
the  decomposition  of  the  tetrachloride,  which  is  a  reddish-brown  liquid  of  1*85  sp. 
gr.  at  0^,  produced  when  the  metal  or  its  nitride  is  heated  in  a  current  of  chlorine. 
The  oxychlorides  andoxybromides  are  represented  by  the  formulae  VOCl,,  VOCl,,  VOCl, 
V,0,CC  and  the  tribromide  by  the  formida  VBr, 

Vanadic  pentoxide  Y^Og  is  a  reddish-yellow  solid  with  an  acid  reaction,  and 
requiring  1,000  parts  of  water  to  dissolve  it  It  is  unalterable  by  heat.  The  stronger 
acids  dissolve  it,  forming  crystalline  vanadic  salts,  but  it  also  combines  with  basic 
oxides,  and  by  fusion  with  alkaline  carbonates  it  yields  the  saline  compounds  called 
vanadates. 

It  may  be  prepared  firom  ammonic  vanadate  by  heating  that  salt  to  a  temperattire 
below  redness. 

Yaoadic  anhydride  forms  compounds  with  bases  much  more  readily  than  with 
acids.  The  vanadates  resemble  the  phosphates  in  composition,  but  differ  irom  them 
in  being  stable  in  a  reverse  order,  the  metavanadates  being  more  stable  and  the  ortho- 
vanadates  being  the  less  stable  compounds. 

The  metavimadates,  of  which  the  composition  may  be  represented  by  the  formulse 
of  the  ammonium  salt  NH4y03,  and  the  barium  salt  Ba2yO„  are  yellow,  and  some 
of  them  change  into  colourless  isomeric  compounds  when  heated. 

Plumbic  and  argentic  orthovanadates  Pb,2V04,  Ag^VO^,  with  the  argentic  pyro- 
vanadates  Ag4V,0,,  which  may  be  taken  as  types  of  these  compounds,  are  obtained 
by  adding  a  soluble  metallic  salt  such  as  argentic  nitrate  to  the  corresponding  sodium 
vanadate. 

Vanadic  dioxide  Yfi^  which  was  regarded  by  Berzclius  as  va:  adium,  tlie  tri- 
oxide  VjOs,  and  the  totroxide  Vj04,  may  all  be  prepared  by  reduction  of  the  pent- 
oxide; the  dioxide  prepared  by  reducing  a  solution  of  the  pentoxide  in  sulphuric  acid, 
after  passing  from  blue  to  lavender,  finally  exists  as  a  hy|K>vanadous  salt,  which  is 
remancable  for  being  equal  to  chlorine  in  its  bleaching  action. 

The  t«troxide  forms  insoluble  salts  with  nearly  all  bases ;  it  also  dissolves  in 
acidH,  giving  blue  solutions  of  a  vanadous  salt.  These  vanadites  in  the  presence  of 
water  become  green  vanadites. 

Vanadic  pentasulphide  can  only  be  prepared  in  the  wet  way.  It  is  obtained  as  a 
brown  precipitate  by  adding  hydrochloric  add  to  a  solution  of  the  pentoxide  or 
alkaline  vanadate  in  an  alkaline  sulphide.  It  is  decomposed  when  heated  out  of 
contact  with  air,  into  sulphur  and  the  tetrasnlphide ;  heated  in  air  it  is  oxidised  to 
ranadic  pentoxide  and  sulphurous  anhydride. 

With  metallic  sulphides  it  combines  to  form  a  class  of  sulphur  salts — namely,  the 
■nlphoTanadates. 

There  is  also  a  tetrasnlphide  V^4,  analogous  to  the  tetroxide,  from  which  it 
is  obtained  by  ignition  in  a  stream  of  sulphuretted  hydrogen.  Vanadic  tetniuulphidc 
forms  the  sulphovanaditesby  combination  with  basic  metallic  sulphidea 
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Stkbol  Nb.    ATomc  Wbioht  94. 

This  elemontary  substance  was  discovered  in  1801  by  Hatchett  in  an  American 
mineral  called  colnmbite,  and  hence  it  was  termed  colxunbinm.  In  1809  WoUaffton 
pronounced  it  to  be  identical  with  the  tantalum  found  bj  Ekeberg  in  Swedish* 
tantalite,  and  this  idea  prevailed  until  1846,  when  Rose  showed  that  it  was  incor- 
rect, and  that  the  two  metals  were  distinct.  He  found  that  the  American  minnral 
contained  an  add  metallic  oxide  which  he  named  niobic  oxide,  and  to  the  metal  he 
gave  the  name  niobium. 

Niobium  occurs  in  columbite  as  niobic  oxide,  combined  with  the  ferrous  oxide 
and  manganous  oxide ;  it  is  also  associated  with  yttrium,  uranium,  iron,  etc,  in  a 
number  of  Siberian  minerals,  and  in  a  variety  of  pitchblende  from  Satersdiilen  in 
Norway. 

The  metal  is  obtained  by  heating  the  fluoride  with  metallic  sodium  in  a  covered 
iron  crucible,  and  washing  out  the  soluble  part  of  the  fused  mass  with  water.  Thus 
obtained,  it  is  a  black  powder  with  a  sp.  gr.  6*27-6*67,  which  oxidises  with  incan- 
descence when  strongly  heated  in  the  air.  When  strongly  heated  in  chlorine  gas  it 
yields  niobic  chloride ;  it  dissolves  in  boiling  dilute  hydrochloric  acid  and  in  hot  hydro- 
fluoric acid,  with  evolution  of  hydrogen,  but  is  not  dissolved  by  nitric  acid,  and  only 
slowly  by  nitrohydrochloric  acid. 

Niobium  is  pentavulent  in  its  compounds.  The  chloride  NbCl^  is  a  volatile, 
Aisible  substance,  obtained  by  the  action  of  chlorine  at  a  red  heat  upon  the  corre- 
sponding oxide  mixed  with  charcoal ;  a  corresponding  fluoride  is  also  known,  as  well 
as  an  oxychloride,  and  an  oxyfluoride  NbOCl,  and  NbOF,. 

Two  bromides  are  also  known,  a  nitride,  a  sulphide,  and  a  number  of  double 
fluorides  which  have  been  investigated  by  De  Marignac. 

Elaborate  investigations  of  the  natuml  niobates  have  also  been  recently  published 
by  Rammelsberg. 


Symbol  Ta.    Atomic  Weight  182. 

This  elementary  substance  was  discovered  in  1802  by  Ekeberg,  as  a  constituent  of 
the  Swedish  minerals  tantalite  and  yttrotantalite. 

It  occurs  only  in  the  oxidised  state,  combined  with  yttria,  ferrous  oxide,  and  other 
basic  oxides ;  it  is  often  associated  with  niobium  in  the  various  natural  niobates  and 
tantalates  which  Rammelsberg  has  shown  to  be  represented  by  the  formuUe  RNb^O, 
KjNbjO,,  and  R^bjOg,  corresponding  to  the  phosphates  and  arsenates.  Tantalum 
also  occurs  as  a  constituent  of  some  varieties  of  wolfram. 

Tantalum,  as  obtained  by  heating  potassium  fluotantalate  with  metallic  sodiiim  in 
a  covered  iron  crucible,  is  a  black  powder  which  conducts  electricity  well,  and  after 
ignition  in  hydrogen  has  a  specific  gravity  10*78.  When  heated  in  the  air,  it  bums 
with  a  bright  light,  and  is  oxidised.  It  dissolves  readily  in  hydrofluoric  acid,  with 
evolution  of  hydrogen,  but  is  not  attacked  by  other  acids. 

Tantalum  forms  two  series  of  compounds  corresponding  to  the  dioxide  TaO,  and  to 
tantalic  oxide  Ta^O^,  which  latter  oxide  unites  with  bases  and  forms  salts.  In  most  of 
its  compounds  it  is  pentavalent. 

By  passing  chlorine  over  tantalic  oxide  heated  to  redness  with  charcoal,  a  volatile 
pentachloride  is  formed  (TaClj),  and  a  corresponding  bromide  is  known  lees  welL 

A  similar  fluoride  is  known,  a  nitride,  and  a  sulphide. 

Both  tantalum  and  niobium  appear  to  resemble  vanadium  in  being  more  inti- 
mately related  to  the  phosphorus  group  than  to  silicon. 
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Symbol  T1.    Atomic  Wriohi  203-6. 

This  metal  was  discoTered  by  Crookes  in  1862,  during  the  spectroscopic  examina- 
tion of  a  seleniferous  deposit  from  a  salphuric  acid  works.  Tho  green  line  which  it 
exhibits  in  the  spectrum  suggested  to  him  the  name  which  he  gave  to  the  metal. 

Soon  after  Crookes  had  announced  his  disooyeiy,  Lamy  obtained  it  more  abundantly 
from  a  like  source. 

Thallium  is  but  sparingly  distributed  in  nature.  Nordenskiold  found  from  16  to 
19  per  cent,  thallium  in  a  selenide  of  copper  and  silver  from  Skrikerum  in  Sweden, 
to  which  he  gave  the  name  crookesite.  Hitherto  the  metal  has  been  principally 
obtained  from  the  Spanish,  Belgian,  and  Bolivian  pjrrites.  It  is  a  soft,  heavy,  dia- 
magnetic  metal,  of  a  lustre  resembling  that  of  cadmium,  but  tarnishing  on  exposure. 

Begnault  has  assigned  to  it  a  specific  heat  of  0*03355,  while  Lamy  found  0*0325. 
It  is  a  crystalline  metal,  which  crackles  like  tin  when  bent ;  but  from  its  soft  nature  it 
admits  of  hammering  out  into  foil  or  drawing  into  wire,  although  its  tenacity  is  small. 
Accoiding  to  Crookes  it  melts  at  293*9°  C.  (290°  C.  Lamy),  undergoes  atmospheric 
oxidation,  and  if  heated  to  315°  C.  in  oxygen,  takes  fire  and  burns  with  a  green  light. 
The  metal  is  volatile,  and  boils  below  a  white  heat ;  it  may  be  distilled  in  a  current 
of  hydrogen. 

It  combines  directly  with  chlorine,  bromine,  iodine,  sulphur,  and  phosphorus ;  and 
most  of  the  acids  attack  it  readily  with  evolution  of  hydrogen  ;  tho  cliloride  being 
insoluble,  hydrochloric  acid  does  not  exercise  a  powerful  action  upon  tho  metal. 

The  th^iferons  dust  deposited  in  the  flues  of  sulphuric  acid  works  is  tho  best 
source  of  the  metal,  which  may  be  obtained  by  extracting  the  dust  with  dilute  sul- 
phuric add,  and  precipitating  the  solution  with  hydrochloric  acid.  By  suspending 
the  impure  thallic  chloride  thus  obtained  in  a  solution  of  carbonate  of  sodium, 
and  passing  a  current  of  chlorine  through  the  mixture,  insoluble  thallium  peroxide  is 
obtamed,  wnich  after  washing  may  be  resolved  into  sulphate  by  suspending  it  in  wuti  r 
and  submitting  it  to  the  action  of  sulphurous  anhydride.  On  evaporation  tho  sul- 
phate is  obtained  in  a  crystalline  form.  From  its  solution  the  metal  may  be  precipi- 
tated by  the  action  of  metallic  zinc  or  by  electrolysis.  It  can  be  obtained  in  the 
dense  metallic  state  by  fusion  out  of  contact  with  oxygon,  as  secured  by  covering  it 
withpotassic  cyanide,  etc 

Thallium  forms  two  series  of  compounds  corresponding  to  the  oxides  TIjO  and 
TI^O,.  Thallousoxide  Tl^O  is  a  very  soluble  substance.  Its  aqueous  caustic  solution 
al»orbs  carbonic  anhydride  readily  from  tho  air.  By  evaporation  in  vacuo  tho  hydrate 
TIHO  is  obtained  in  crystals.  Like  silver  compounds  this  gradually  blackens  by  con* 
tact  with  the  air,  and  fuses  at  315°  C.  into  a  brown  liquid.  A  solution  of  thallous 
oxide  precipitates  many  metals  as  oxides  from  their  solutions. 

Thallic  oxide  Tl^O,  is  formed  during  the  electrolysis  of  thallous  sulphate  as 
a  brown  powder  at  tho  positive  electrode.  It  may  also  bo  obtained  by  the  action 
of  hydric  peroxide  on  the  metal,  or  by  the  action  of  chlorine  upon  the  chloride  held  in 
suspension  in  a  solution  of  sodic  carbonate.  It  is  also  formed  by  the  action  of  ozone 
or  peroxide  of  hydrogen  upon  paper  impregnated  with  a  thallous  salt ;  hence  this  paper 
is  really  no  absolute  test  for  ozone,  since  hydric  peroxide  is  known  to  behave  like  it. 

Thallous  chloride  TlCl,  molecular  weight  =  230*1 ,  is  a  yellowish- white  salt,  sparingly 
soluble  in  water  or  ammonia.  With  ferric  chloride  it  furnishes  a  double  salt,  6T1C1, 
Fe,Cl^  of  a  cinnal>ar-red  colour,  and  crystallising  in  prisms.  Water  decomposes  this 
compound  into  tho  respective  chlorides.  It  also  forms  double  salts  with  the  chlorides 
of  gold  and  platinum.  Lamy  has  describod  three  other  chlorides  of  tho  composition 
Tifilff  TlClj,  and  TlCl,.  Thallous  iodide  and  bromide  aro  yellow  an<l  but  sparingly 
soluble.  There  are  also  a  number  of  double  chlorides,  iodides,  and  bromides,  which 
may  be  illustrated  by  the  following  examples :  3KC1,T1C1„2H20  ;  3KBr  2TlBr„  ZHfi ; 
3KI  2T1I,,3H20,  etc.     Besides  the  normal  salt  there  is  also  known  an  acid  sulphate. 

The  nitrate  TINO3  crystallises  in  anhydrous  prismatic  needles,  which  molt  easily, 
and  are  insoluble  in  alcohol.  It  is  obtained  by  dissolving  the  metal  in  nitric  acid, 
and  is  isoroorphous  with  the  nitrates  of  potassium,  sodium,  etc.  The  carbonate 
TICO3  *"  ^^^^  crystalline,  as  is  tho  perchlorate  TICIO4  and  the  various  phosphates. 

Thallium  may  be  eerily  alloyed  with  most  of  the  metals,  and  several  of  these 
alloys  have  been  studied  by  Carstanjen.  Excepting  the  compound  with  tin,  they  all 
tarnish  in  the  air,  and  all  aro  more  or  less  attacked  by  dilute  sulphuric  acid,  with  the 
evolution  of  hydrogen. 

ii2 


484  CERIUM,   DIDYMIUM,  AND   LANTHANUM. 


Stxdol  Ce.    Atomic  Weight  188. 

Cerium  was  discovered  in  1803  bj  Klaproth  and  by  Hisinger  and  Beneliiu,  who 
obtained  it  as  oxide  from  cerite.  It  is  a  rare  metal  which  hajB  been  found  in  bat 
few  minerals.  It  occurs  in  cerite,  a  hjdrated  basic  eerie  silicate,  and  also  in 
chnrchite,  which  is  a  hydrous  phosphate  of  cerium. 

In  cerite  it  is  accompanied  by  lanthanum  and  didymium.  As  extracted  from  its 
chloride,  it  is  a  diirk  red  or  cbocolate-colourod  powder,  assuming  a  metallic  lustre  on 
friction  ;  it  is  infusible,  nnd  does  not  conduct  electricity  well. 

Wohler  has  given  a  method  for  extracting  it  from  the  oxide,  by  fusing  it  with 
mixeil  potassium  and  ammonium  chlorides ;  on  reduction  of  the  fuse  by  metalhc  sodium 
at  a  high  temperature  metallic  cerium  is  obtained. 

Cerium  oxalate  CeCsO^,  SH^O  is  one  of  the  best  known  salts ;  it  furnishes  the 
oxide  on  ignition. 

Two  oxides  are  known  ;  cerons  oxide  Ce^O,,  and  eerie  oxide  CeO^  a  body  which 
is  obtained  in  colourless  transparent  crystals  with  a  density  of  6*94.  The  cerous- 
potassic  sulphate  and  cerous  chloride,  2CeCl„  9H,0,  which  forms  colourleM  crystals, 
are  both  well-defined  salts. 

Marignae  has  obtained  the  sulphate  Ce(S04)33H,0,  and  a  number  of  other  comr 
binations  are  also  known. 

Cerie  sulphate  crystallises  in  a  yellow  indistinct  form,  Ce(S04)24Ajq. 


Symbol  Di.    Atomic  Weioht  144-75. 

This  metal  was  discovered  by  Mosander  in  1841,  and  its  compounds  have  since  been 
studied  by  him,  also  by  Watts,  Marignae,  Hermann,  Bunsen,  and  others. 

It  occurs  associated  with  cerium  and  lanthanum  in  cerite,  allanite,  orthite, 
and  allied  minerals,  but  not  in  the  free  state ;  in  fact,  it  is  scarcely  known  in  the 
metallic  form. 

It  is  said  that  the  metal  may  be  prepared  by  heating  the  chloride  strongly  with 
potassium,  and  washing  out  the  soluble  chlorides  by  water.  It  is  thus  obtained  partly 
as  a  grey  powder  and  partly  in  globules.  The  powder  decomposes  water  at  normal 
temperatures,  and  the  metal  in  any  form  dissolves  easily  in  dilute  acids  with  evolution 
of  hydrogen. 

But  few  of  its  compounds  are  known.  One  oxide  (DijO,)  is  known,  but  it  is  pro- 
bable that  others  exist,  notably  a  peroxide. 

The  oxide  (DioO,)  is  obtained  in  the  anhydrous  state  by  ignition  of  the  nitrate  or 
the  hydrate  in  a  covered  crucible ;  the  anhydrous  oxide  becomes  hydrated  on  immer- 
sion in  water,  dissolves  easily  in  acids,  and  expels  ammonia  from  solution  of  its  salts 
when  boiled  with  them. 

Didymiujn  gives  a  white  oxalate,  and  forms  double  sulphates  of  a  roee-red  colour 
with  potassium,  sodium,  and  nnunonium. 

Chloride  of  didymium  forms  rose-coloured  crystals  of  the  composition  DiCl„ 
4HjO.  When  a  solution  of  it  is  evaporated,  hydrochloric  acid  is  evolved,  and  an 
oxide  is  left  behind,  thus  behaving  similarly  to  the  chloride  of  magnesium. 

Most  of  the  salts  of  didymium  are  pink  or  \Holet-colourcd,  and  are  not  precipitable 
by  sulphide  <  f  ammonia ;  they  possess  also  spectroscopic  properties  which  are 
characteristic. 


Symbol  Lb.    Atomic  Weight  139. 

This  metal  was  discovered  by  Mosander  in  1841,  and  occurs  along  with  didymium 
and  cerium  iu  cerite.  and  along  with  didymium  inlanthaniteas  carbonate. 

It  forms  two  oxides,  but  the  peroxide  requires  more  precise  study.  The  pro- 
toxide LajO,  is  a  buff-coloured  substance  obtained  by  ignition  of  the  hydrate,  car- 
bonate, or  oxalate,  first  in  contact  with  the  air,  and  afterwards  in  the  reducing 
of  the  flame. 

The  peroxide  dissolves  in  acids  with  evolution  of  oxygen. 
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lAnthannm  forms  oolourleas,  astanngent  Baits  whose  solutions  give  white  precipi- 
tates with  the  soluble  oxalates. 

Sulphide  of  lanthanum  is  obtained  by  igniting  the  metal  in  the  vapoor  of  carbon 
disulplude ;  it  is  a  yellow  powder. 

llie  chloride  LaCl,  is  obtains!  in  the  anhydrous  state  by  igniting  the  oxide  in 
hydrochloric  acid  gas,  or  by  dissolTing  the  oxide  in  the  add,  etc. 

A  hydrated  chloride  LaCl,2H20  which  is  crystalline  and  some  other  combinations 
are  also  known,  such  as  Uie  sulphate  La^S04)39H20  and  the  double  salt  LaE,(S04)a. 


Stmbol  In.    Atomic  Wbtght  113*4. 

This.metal  was  discovered  in  1863  by  Reich  and  Richterin  the  zinc  blende  of  Frei- 
berg, b^  means  of  its  ]^eculiar  spectrum,  which  consists  of  two  bright  lines  in  the  blue 
and  indigo,  one  very  bright,  and  the  other  fainter.  It  has  been  since  found  by  Bottger  in 
the  flue-dust  of  the  zinc  fomaces  of  the  Julius  works  at  Goslar  in  the  Hartz ;  by 
Winkler  in  the  black  blende  (christophite)  of  Saxony,  and  by  others  in  wolfram  and 
steatite. 

It  has  also  been  detected  in  certain  zinc  blendes  from  New  Hampshire  (U.S.)  by 
H.  B.  Cornwall.  Bayer  suggested  a  process  for  the  extraction  of  indium,  which  is  as 
follows.  Freiberg  zinc  is  heated  with  a  quantity  of  hydrochloric  acid  insufficient  to 
entirely  dissolye  it,  when,  in  the  course  of  several  days,  the  indium  is  precipitated 
upon  the  surface  of  the  residual  metal.  The  metallic  mud  is  isolated,  heated  with  a 
little  dilute  sulphuric  acid  to  dissolve  any  oxychloride  of  zinc  that  may  be  present, 
and  then  thoroughly  washed  with  hot  water.  The  product  is  then  heatend  with  nitric 
acid,  sulphuric  acid  added  and  the  mixture  evaporated  to  dryness ;  tin  and  lead  are 
thus  separated  as  oxide  and  sulphate.  The  residue  is  extracted  with  water  at  lOO^C. 
and  the  solution  after  filtration  precipitated  by  excess  of  ammonia,  thus  throwing 
down  the  indium  and  iron,  and4eaving  copper,  zinc,  and  cadmium  in  solution.  The 
precipitate  is  washed,  dissolved  in  the  minimum  amount  of  hydrochloric  acid,  and 
sodic-hydric  sulphite  added  in  excess.  On  boiling,  the  indium  fs  obtained  as  sulphite, 
and  by  re-solution  in  sulphurous  acid  and  re-precipitation  by  boiling  the  salt  is  obtained 
pure,  of  the  composition  2In20,  SO^SHjO.  This  substance,  treated  with  other  adds, 
inmishes  the  various  salts  of  indium.  There  are  several  other  processes  for  extracting 
the  metal  £rom  its  ores. 

The  metal  ma^  be  obtained  from  its  oxide  by  reduction  with  hydrogen  or  sodium, 
or  it  may  be  precipitated  from  its  solution  by  zinc  and  fused  with  potassic  cyanide, 
giving  a  button  of  the  metal. 

Indium  is  a  silver- white,  soft,  ductile,  compact  metal,  destitute  of  crystalline 
structure,  and  having  a  sp.  gr.  7*421  and  a  melting  point  of  176°.  At  higher 
temperatures  suboxide  is  formed,  if  melted  in  the  air.  At  a  strong  red  heat  the  metal 
bums  in  air  with  a  violet  fiame,  and  forms  the  same  yellow  oxide.  In  dilute  sulphuric 
or  hydrochloric  acid  it  dissolves  slowly,  giving  off  hydrogen  ;  nitric  acid  oxidises  it. 
The  chloride  In,Clg  is  formed  by  heating  the  metal  in  chlorine,  when  it  burns  with 
a  greenish  light  and  the  chloride  sublimes  in  white  lamins  ;  it  forms  double  chlorides 
with  those  of  the  alkali  metals.  The  bromide  In.^  Br^  and  Iodide  In,  I^  are  both  crys- 
talline bodies,  which  may  \>e  prepared  by  heating  the  metal  with  bromine  or  iodine 
in  an  atmosphere  of  carl)onic  anhydride.     Several  oxides  are  known. 

The  yellow  oxide  In^O,  may  be  obtained  by  igniting  the  hydrate  which  is  thrown  down 
from  the  solutions  of  indium  by  ammonia,  Ii^H^O^.  Indie  oxide  (In^O,)  is  readily  soluble 
in  acids  and  furnishes  throe  other  oxides  by  ignition  in  hydrogen  ;  at  180°C.  the  green 
substance  ln,0,  is  produced  ;  at  220^  C.  the  grey  oxide  In^O^  is  formed ;  and  at 
300°  G.  a  black  compound,  perhaps  InO.  These  substances,  however,  have  not  been 
well  examined.  By  fusing  metallic  indium  with  sulphur,  indie  sulphide  Ix^Sg  is 
obtained  in  shining  scales  resembling  mosaic  gold  (Winkler).  From  a  neutral  or 
acetic  acid  solution  of  indium  sulphuretted  hydrogen  precipitates  yellow  sulphide 
which  dries  to  a  brown  colour  and  is  decomposed  by  acids. 

Indie  sulphate  is  known,  as  also  is  the  nitrate  In,  (NO,),,  OH^O  as  a  crystalline 
substance  which  loses  6H,0  at  100°C. 

The  carbonate  in  a  whit^e  gelatinous  body  as  obtained  by  precipitation,  it  is  solable 
in  ammonic  carbonate,  and  is  reprecipitated  on  boiling. 

Neither  the  metal  nor  its  salts  are  used  in  the  arts. 


486  ZIRCONIUM. 

Closely  associated  in  many  respects  with  indium  is  the  new  metal  Gaixiom 
(symbol  Ga ;  atomic  weight  68)  recently  discovered  by  Leooq  de  Boitbandzsn  in  me 
blende  firom  the  mine  of  Pierrefitte.  Gallium  gives  an  oxide  Ga,Og,  and  a  chloride 
GaCl,,  and  forms  also  an  ammoninm  alum. 

The  specific  gravity  of  the  metal  is  5*0  and  its  melting  point  30*1^. 


ICO] 

Stkbol  Zr.    Atomic  Wkoht  80*6. 

The  oxide  of  this  element  was  first  obtained  from  zircon,  and  Wiis  recognised  as  a 
peculiar  body  by  Kla^roth  in  1789. 

It  is  found  as  oxide  in  eudialyte,  polymignite,  oerstedite,  fergusonite,  and  cata- 
pleiite.  The  zircon,  like  the  hyacinth,  is  a  silicate  of  the  composition  ZrO^iOf,  and 
Ls  found  in  the  Radau  valley  near  Harzburg. 

Zirconium  is  generally  regarded  as  a  tetratomic  element,  and  may  be  obtained  like 
silidum  in  three  states — amorphous,  crystalline,  and  graphitoi'daL  Indeed,  in  its  pro- 
perties and  compounds  it  ranges  between  silicium  on  the  one  hand  and  aluminnm  on 
the  other  hand. 

Borzelius  was  the  first  (in  1824)  to  obtain  the  metal  in  its  amorphous  form ;  this 
he  did  by  heating  together  potassio-zirconic  fluoride  2EF,ZrF4  with  metallic  potassium. 

Troost  prept^ed  it  by  passing  the  vapour  of  ziroonic  chloride  over  melted  sodium 
at  a  red  heat,  or  by  boating  the  sodio-zirconic  chloride  with  either  metallic  sodium  or 
magnesium  in  a  crucible. 

The  amorphous  metal  passes  under  the  burnisher  into  a  lustrous,  graphitic-looking 
mass,  which  conducto  an  electric  current  but  feebly.  Heated  in  the  air  it  takes  fire 
below  redness,  and  burns  with  a  bright  light,  forming  zirconia.  It  is  attacked  very 
little  by  acids,  even  by  hydrochloric  acid ;  but  hydrofluoric  add  dissolves  it  with  evo- 
lution of  hydrogen. 

The  crystiilline  variety  is  prepared  by  hctiting  a  mixture  of  1  part  potassio-zirconic 
fluoride  with  1 )  parts  of  aluminum  in  a  plumbago  crucible,  to  a  temperature  equal  to 
that  of  melted  iron.  From  the  product  the  residual  aluminum  is  dissolved  out  by 
hydrochloric  acid,  leaving  nearly  pure  zirconium  behind.  Thus  obtained,  it  resembles 
antimony  in  appearance,  and  has  a  specific  gravity  4' 15.  It  is  very  infusible,  and 
burns  only  in  the  oxyhyJrogen  fiame. 

Fused  caustic  potash  oxidises  it,  with  evolution  of  hydrogen ;  nitrohydrochloric 
add  dissolves  it  when  hot,  with  ease  ;  but  other  acids  act  teehlj  on  it. 

Graph  itoi'dal  zirconium  is  formed  under  conditions  less  weU  determined.  Troost^ 
in  attempting  to  decompose  zirconate  of  sodium  with  iron,  obtained  light  scales  of  it, 
having  a  steel-grey  colour. 

2^rconium  is  closely  allied  to  titanium.  It  forms  but  one  oxide,  ZrO, ;  a  tetra- 
chloride ZrCl4,  and  a  corresponding  tetrafluoride ;  also  a  bromide,  nitride,  and  a  number 
of  fluozirconates,  or  double  fluorides  of  zirconium  and  other  metals. 

Oxide  of  zirconium  ZrO,  is  prepared  by  fusing  a  mixture  of  finely 
powdered  zircon  with  caustic  soda  or  potash,  and  saturating  with  hydrochloric  add ; 
the  mixture  is  eva^rated  nearly  to  dryness,  and  the  zirconic  chloride  dissolved  by 
water,  leaving  the  silica  behind.  From  the  solution  the  zirconium  is  precipitated  as 
thiosulphate  (hyposulphite),  and  this  on  ignition  gives  pure  zirconia. 

Thus  prepar^  it  is  insoluble  in  acids,  excepting  concentrated  sulphuric  add. 

The  hydi^ted  oxide  is  a  gelatinous  white  precipitate,  insoluble  in  caustic  alkalies. 

KZXCOXrZC  CBXiOSZBB  ZrCl4  crystallises  in  needles  which  are  soluble  both 
in  water  and  alcohol ;  when  exposed  to  the  air  they  lose  water  and  hydrochloric  add 
and  give  a  soluble  oxychloride  ^ZrCl^,  ZrO^  18HjO). 

It  may  be  prepared  by  heating  the  metal  in  chlorine  gas,  or  by  heating  the  oxide 
with  charcoal  in  a  current  of  dry  chlorine.  It  is  a  volatile  body,  with  a  vapour 
density  of  8-15  (Deville  and  Troost). 
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QltUOMM  U  M. 

SncBOL  G  or  Be.    Atomic  Wbioht  9*4. 

The  oadde  of  this  metal,  sometimee  termed  beiylium,  was  discovored  by  Vauquelin 
in  1798 ;  but  the  metal  itself  was  first  obtHined  by  Wohler  and  Bussy  m  1828,  by 
fosiiig  the  chloride  with  potassium.  It  may  be  extracted  from  the  emerald  or  the 
beiyC  which  consists  in  great  measure  of  silicate  of  aluminum  and  glucinum  3G0, 
AI4O3,  GSiO,.  It  occurs  also  as  a  silicate  in  the  mineral  phenacite ;  with  other  sili- 
cates it  is  found  in  various  other  minerals,  and  as  aluminate  it  occurs  in  chrysoberyl 
or  cymophane. 

Glucinum  is  a  white,  malleable  metal,  more  fusible  than  silver,  and  combines 
readily  with  chlorine,  iodine,  and  silicon.  It  is  easily  dissolved  by  dilute  hydrochloric 
or  sulphuric  acid,  but  is  not  vigorously  attacked  even  by  strong  nitric  acid.  In  potash 
it  dissolves  with  the  evolution  of  hydrogen. 

Debray  regards  glucinum  as  monatomicin  character;  but  there  appears  to  be  some 
doubt  regarding  its  atomicity. 

Beyond  the  method  given  above  for  the  preparation  of  the  metal,  the  following  one 
by  Debray  may  be  adopted  for  extracting  it  in  a  compact  state.  CMoride  of  glucinum 
is  first  introduced  into  a  combustion  tube,  and  the  air  then  expelled  by  a  current  of 
hydrogen,  after  which  metallic  sodium  is  introduced  and  heat  applied.  The  chloride 
of  glucinum  volatili§9S,  and  thus  coming  into  contact  with  the  melted  sodium,  it  is 
reduced,  forming  a  black  mass  with  the  salt,  from  which  the  globules  of  metal  are 
obtained  on  treating  the  fuse  with  water.  Thus  obtained,  it  has  a  specific  gravity 
2*1,  and  may  be  forged  and  rolled  into  sheets  like  gold. 

Only  one  oxide  of  the  metal  is  known,  and,  as  yet,  the  formula  has  not  been 
thoroughly  established  ;  by  some  it  is  regarded  as  a  protoxide  (GO)  and  by  others  as  a 
sesquioxide  (G3O,).  It  may  be  obtained  from  the  beiyl,  which  contains  10'6  per  cent, 
of  this  substance.  The  silicon  is  first  of  all  removed  as  silicic  fiuoride  by  heating 
the  mineral  with  fiuospar  and  sulphuric  acid ;  the  residue  is  ignited  to  re<&ess,  dis- 
solved in  dilute  sulphuric  acid,  and  sulphate  of  ammonium  added.  By  a  process  of 
czyBtallieation  the  aluminum  is  removed  as  alum,  and  any  which  remains  behind  is 
deposited  as  basic  sulphate  on  digesting  the  mother  liquor  with  metallic  zinc.  The 
zinc  has  then  to  be  removed  by  addition  of  sodic  acetate,  and  precipitation  by  sul- 
phuretted hydrogen,  after  which  glucina  is  obtained  on  adding  excess  of  ammonia. 

Several  sulphates  of  the  metal  are  known,  the  principal  one  being  GSO4,  AKfi, 
which  crystallises  in  octohedra. 

A  great  number  of  phosphates  are  also  known.  Heated  in  bromine  vapour,  the 
metal  takes  fire,  and  forms  a  bromide  GBr,,  which  sublimes  in  colourless  prismatic 
crystals  ;  it  is  a  fusible  volatile  body. 

Ohloride  of  glucinum  GCl,  is  fbrmed  by  heating  the  metal  in  chlorine  gas  or 
hydrochloric  acid.  The  anhydrous  salt  is  obtained  by  passing  chlorine  over  an 
ignited  mixture  of  glucina  and  charcoal ;  the  hydrated  salt  crystallises  with  one 
molecule  of  water,  GCL,  HjO. 

From  many  of  its  chiiracters  it  appears  to  be  a  member  of  that  group  of  metals 
characterised  by  aluminum. 

Very  little  is  known  alK)ut  the  alloys  of  glucinum.  According  to  Stromeyer,  bv 
heating  the  oxide  to  whiteness,  with  iron  and  charcoal,  an  alloy  with  iron  is  obtained. 
H.  Diiiry  also  obtained  an  alloy  with  iron,  by  decomposing  glucina  in  an  atmosphere  of 
hydrogen,  by  a  powerful  voltaic  current,  having  the  negative  pole  of  the  battery 
formed  of  an  iron  wire  which  is  fused  by  the  current. 


Symbol  Th.    Atomic  Weight  231 '6. 

This  metal  was  discovered  in  1829  by  Berzelius,  in  a  rare  black  mineral — thorite, 
which  occurs  in  a  syenitic  rock  in  Norway.  Since  then  it  has  been  found  in 
pyrochlore  by  Wohler,  in  monazite  byKarsten,  in  euxenite,  gadolinite, 
orthite,  etc 

As  prepared  from  its  chloride  by  heating  with  potassium  or  sodium  it  is  a  grey 
metallic  powder  of  sp.  gr.  7'6  to  7*8,  closely  resembling  zirconium ;  it  burns  in  the 
sb  with  brilliancy  and  forms  oxide. 
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Thoria  (sp.  gr.  9-t02)  ia  probably  a  dioxide,  which  is  prcKupiteted  as  a  hjdnto 
from  the  sulphate  or  chloride  by  ammonia,  and  this  on  ignition  ^yes  the  anhydrous 
oxide  (ThOj)  which  is  insoluble  in  acids,  excepting  strong  sulphuric. 

Thorium  chloride  ThCl4  is  prepared  by  heating  an  intimate  mixture  of  thoria 
and  charcoal  in  dry  chlorine,  when  the  salt,  which  is  not  very  volatile,  flublimee  as  a 
white  crystalline  mass. 

By  dissolving  the  hydrated  oxide  in  hydrochloric  add,  and  conoentrating  the 
solution,  the  chloride  is  obtained  as  a  deliquescent  crystalline  saline  masa. 

Ammonio-thoric  chloride  4NH4Cl,ThCl4,  iKfi,  is  known,  and  also  the  eone- 
sponding  potassic  salt. 

Fluoride  of  thorium  has  the  composition  ThF4,  while  the  hydrated  fluoride  is 
ThF4,  2H2O  ;  there  are  known  also  a  bromide  and  an  iodide,  an  acetate,  phosphids^ 
sulphide,  and  a  number  of  other  compounds. 

Thoric  sulphate  is  deposited  from  its  boiling  solutions,  and  is  redissolved  on 

cooling. 

The  oxalate  of  thorium  is  white  and  insoluble. 


Symbol  Y.     Atomic  Weight  92. 

Gadolin  in  1794  obtained  from  the  ytterite  or  gadolinite  of  Ytterby  in 
Sweden,  a  peculiar  oxide  resembling  lime  and  alumina.  In  1797  Ekeberg  confirmed 
these  results  and  named  the  earth  yttria. 

A  number  of  chemists  studied  this  substance  and  others  accompanying  it,  and  in 
1843  Mosander,  after  a  careful  study  of  crude  yttria,  concluded  that  it  contained 
three  earths  of  different  basicity ;  to  the  more  abimdant  of  these  he  gave  the  name 
yttria,  and  the  others  he  named  erbia  and  terbia.  It  is  doubtftd,  however,  whether 
terbia  exists. 

This  metal,  which  belongs  to  the  class  known  as  earth  metals,  exists  only  in  a  few 
rare  minerals. 

Metallic  yttrium  is  obtained  by  igniting  its  chloride  with  metallic  potassium,  and 
as  thus  prepared  it  is  a  blackish-grey  powder,  which  acquires  some  lustre  under  the 
burnisher.  Yttrium  as  thus  obtained  by  Berzelius  was,  however,  contaminated  by 
erbium.    It  is  of  tritomic  character,  and  forms  only  one  series  of  compounds. 

The  oxide  Y,0,  =  232  occurs  naturally  in  gadolinite  and  in  yttrotantalite. 
It  is  a  white  earthy  powder  of  sp.  gr.  4*842,  insoluble  in  caustic  alkalies,  but  dissolved 
by  their  carbonates.  It  may  be  obtained  by  ignition  of  the  oxalate,  and  as  thus 
prepared  it  differs  from  erbia,  by  yielding  a  spectrum  without  bright  bands. 

The  chloride  is  a  non-volatile  salt  obtained  by  heating  the  metal  in  a  current  of 
chlorine  ;  the  bromide  is  obtained  by  dissolving  the  oxide  in  hydrobromic  acid ;  so, 
also,  the  iodide  may  bo  prepared  in  a  corresponding  way  by  using  hydriodic 
acid. 

Besides  a  selenide  and  a  sulphide,  which  are  known,  there  exists  also  a  basie 
nitrate  Y(N03)3Y20„  SHjO  which  crystallises  in  needles. 

The  sulphate  3Y2(S04),8H20  forms  also  well-defined  crystals. 


Symbol  Eb.    Atomic  Wmoht  168  9. 

Very  little,  indeed,  is  known  about  this  metal  or  its  compounds.  It  was  discovered 
by  Mosander  in  1843,  and  is  found  as  oxide  associated  with  the  oxide  of  yttrium  in 
gadolinite.  Erbia  is  a  weaker  base  than  yttria,  and,  as  obtained  by  ignition  of  the 
precipitated  hydrate,  it  has  a  deep  yellow  colour  with  a  formula  Eb,0„  and  a  doubt- 
ful molecular  weight  of  386*8.    Its  salts  have  a  rose-red  colour  and  astringent  taste. 


URANIUM. 

Symbol  U.    Atomic  Whioht  340. 

— Uranmin  was  diBoovered  by  Elapioth  in  1786,  in  the  minezttl  named 
peehblende  or  pitchblende,  which  had  hitherto  been  regarded  as  a  zinc  ore.  He 
aasigned  to  the  new  metal  the  name  of  uraninm,  in  honour  of  Herschel,  who  abont 
the  aame  time  diaooTered  the  planet  of  that  name. 

Oe€iirrenee« — Uranium  is  a  metal  whose  oompoxmds  are  sparingly  distributed 
in  nature ;  the  principal  ore  is  pitchblende,  a  brownish-black  mineral  which  is  essen- 
tially uranoeo*uranic  oxide  U0^2U0,,  of  which  it  generally  contains  from  40  to  90  per 
cent.  With  this  green  oxide  Uiere  are  associated  varying  quantities  of  copper,  lead, 
iron,  arsenic,  and  sometimes  nickel  and  cobalt. 

Pitchblende  is  found  in  veins  with  lead  and  silver  ores  in  Saxony,  and  with  tin 
m  Gomwall. 

Uranite,  a  mineral  of  a  micaceous  character,  and  rarely  met  with,  occurs  in 
France,  and  is  also  found  in  a  beautiful  form  near  Redruth  in  ComwalL  It  consists 
of  a  hydrated  calcic  diuranic  diphosphate  Ca"2(U20g)  "2P04,  8H,0. 

Chalcoliteisa  corresponding  mineral  in  which  the  calcium  is  replaced  by  copper. 

Samarskite  and  uranotantalite,  which  contain  oxide  of  uranium,  togetner 
with  yttria  and  niobic  acid,  are  forms  of  minerals  which  are  met  with  here  and  there ; 
■0  also  joha unite  (sulphate  of  uranium);  zippeite  (sulphate  of  uranium  ses- 
^oxideX  and  uranochre  (an  impure  yellow  oxide). 

Beyond  these  a  number  of  arsenites  are  found  in  the  White  Hart  mine  in  Saxony, 
and  according  to  Winkler  contain  from  50  to  63  per  cent,  of  uranium  oxide.  His 
analyses  lead  to  the  following  formulse : — 

Speoiflo  giavity. 
Trogenite  .        .  3U0,.  AsjO,  +  12HjO  3-23 


Walpurgite 
Zeunerite  . 
Uranospinite 
Uranosphserite 


5BiOj.  AsjO,  +  3U0,.  A,0,  +  10H,0    6-64 

CuO.  2U0,.  AsjO.  +  8H,0  8*63 

CaO.  2U0,.  As,0,  +  8H,0  8-46 

BijO,.  UO,  +  HjO  6-86 

I.— Uranium  when  m  the  metallic  state  constitutes  a  black  coherent 
powder  or  is  of  a  steel-white  colour,  according  to  the  state  of  aggregation.  Under 
ordinary  atmospheric  conditions  it  does  not  oxidise,  but  it  bums  brilliantly  when  heated 
in  contact  with  the  air.  It  combines  with  chlorine  and  sulphur  with  considerable 
violence,  and  is  dissolved  by  sulphuric  and  hydrochloric  acids  with  evolution  of 
hydrogen.  Chemically,  it  is  allied  in  many  respects  to  iron  and  manganese ;  but  it 
possesses  some  characters  which  are  not  common  to  them.  Thus  it  has  a  high  specific 
gravity  (18*4)  and  forms  a  volatile  chloride  (UOI4);  uranic  oxide  does  not  form  salts 
similar  to  ferric  chloride,  and,  while  it  is  less  easily  reducible  than  iron,  its  oxides 
are  weak  bases  compared  to  the  oxides  of  iron.  From  these  and  other  considerations 
Hendelejeff  doubles  the  atomic  weight  ordinarily  assigned  to  uranium,  and  makes  it 
240,  regarding  it  as  a  hexad  analogous  to  chromium. 

Uranium  forms  three  oxides — uranous  or  protoxide  UO, ;  uranoso-uranic  oxide 
U0^2U0, ;  and  uranic  oxide  UO,. 

jPeligot  further  admits  the  existence  of  two  other  combinations  of  the  metal 
with  ox3^n. 

Uranium  is  used  for  enamel  painting  and  glass  staining ;  the  dioxide  gives  a 
fine  black  colour,  not  unlikely  by  absorbing  oxygen  and  becoming  blaek  oxide.  The 
sesquioxide  gives  a  fine  yellow  colour. 

Freparatioii.~The  isolation  of  metallic  uranium  is  due  to  Peligot,  who  showed 
that  the  substance  originally  regarded  as  such  was  uranous  oxide. 

The  following  method,  which  is  the  device  of  Valenciennes,  is  described  by 
Peligot  :— 

A  mixture,  consisting  of  75  gnus,  uranous  chloride,  150  grms.  potassic  chloride, 
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and  50  grms.  of  metBllic  sodium  cut  into  small  pieces,  is  covered  bj  potaBsic  chloride 
in  a  cracible,  which  is  enclosed  in  a  second  one,  and  the  space  between  the  two  is  packed 
with  charcoal.  The  mixture  is  first  exposed  to  a  red  heat,  when  the  reaction  occors ; 
after  which  the  fire  is  strongly  urged  so  as  to  melt  the  metal  without  Yolatilising  the 
flux.  The  metal  may  be  obtained  by  afterwards  dissolving  out  the  flux.  To  ensure 
success  it  is  essential  to  carefully  exclude  all  moisture ;  otherwise  the  chloride  of 
uranium  is  converted  into  irreducible  uranic  oxide.  As  thus  obtained,  the  specific 
gravity  of  the  metal  is  18*33. 

To  extract  the  metal  from  pitchblende,  this  mineral  is  heated  to  redness,  and  pul- 
verised by  throwing  it  whilst  hot  into  water.  The  powder  so  obtained  is  washed  with 
dilute  hydrochloric  acid,  heated  with  charcoal,  and  tlien  digested  in  stronger  add.  In 
this  way  most  of  the  iron,  arsenic,  and  sulphur  is  removeid  together  wiu  the  earthy 
matters.  The  washed  product  is  roasted,  then  treated  with  nitric  acid,  and  the  result- 
ing solution  evaporated  nearly  to  dryness  to  expel  t'hc  acid.  Water  is  then  added,  ferric 
arsenate  is  thrown  down,  and  on  passing  sulphtiretted  hydrogen  through  the  dear 
solution,  copper,  lead,  and  arsenic  are  predpitated  as  sulphides.  After  this  treatment 
the  solution  is  evaporated  till  crystals  of  uranic  nitrate  begin  to  form.  The  nitrate  is 
next  decomposed  at  a  red  heat,  giving  the  oxide  (UiOg),  which  is  mixed  with  chazooal, 
and  heated  in  a  current  of  diy  chlorine ;  <;arbomc  oxide  and  carbonic  anhydride  are 
given  of^  and  uranous  chloride  sublimes.  On  now  heating  this  chloride  wiUi  metallic 
potassium,  intense  heat  is  evolved,  potassic  chloride  is  formed,  and  metallic  uranium 
results. 

To  obtain  the  metal  in  fosed  globules  it  is  best  to  place  layers  of  sodium,  potassic 
chloride,  and  mixed  potassic  and  uranous  chlorides  in  a  porcelain  crucible  endosed  in 
an  earthen  one  lined  with  charcoal ;  on  heating  in  a  blast  furnace  the  fused  metal  is 
obtained. 

Componnda. — Uranium  forms  two  chlorides,  UCl,  and  UClf,  and  an  ozychloride 
UOjCl,. 

The  tetrachloride  (nCl4)  is  prepared  as  above  described,  and  is  a  volatile  deliques- 
cent salt,  which  crystallises  in  dark  green  octahedra  of  a  metallic  lustre. 

Uranous  chloride  is  decomposed  by  boiling  water ;  it  is  also  decomposed  by  diy 
hydrogen,  giving  the  sub-salt  UCl,,  which  is  a  crystalline  body  of  dark  brown  colour, 
forming  with  water  a  purple  solution.  Ammonia  precipitates  from  this  latter  a  brown 
suboxide,  which  speedily  absorbs  oxygen  on  exposure  to  the  air. 

The  oxychloride  was  made  by  Peligot,  and  is  formed  by  the  passage  of  chlorine 
over  uranous  oxide  ;  it  is  a  deliquescent  Hubstanco,  giving  a  yellow  aqueous  solution, 
and  forming  double  salts.  Thus,  with  potassic  chloride,  it  gives  2KCl,U02Cl2,  2H,0 
in  rhombic  plates  of  a  greenish-yellow  colour. 

Uranium  also  forms  bromides,  corresponding  apparently  to  the  chlorides. 

Uranic  nitrate,  like  most  of  the  salts,  is  yellow,  and  forms  striated  prisms  of  the 
composition  expressed  by  the  formula  U0,"2N0„  fiH^O. 

Uranium  has  a  capacity  for  forming  double  salts  ;  thus  besides  the  double  chloride 
above  alluded  to  there  is  known  a  uranic  potassic  sulphate  ISj^XJ 0^y'2S0^,  2H2O. 

When  the  salts  of  uranic  oxide  (UO,)  are  heated  with  alkalies,  the  oxide  is  not 
obtained,  but  a  yellow  precipitate,  which  in  the  case  of  potassic  hydrate  has  the 
formula  E,0,2UO,,3H20,  that  is,  uranate  of  potassium. 

The  commercial  yellow  oxide,  or  uranium  yellow,  is  a  hydrate  retaining  about  2 
per  cent,  of  ammonia;  on  heating,  water  and  ammonia  are  liberated  and  the  uranic 
oxide  is  converted  into  the  black  or  green  oxide. 

Thallous  oxide  gives  with  uranium  solutions  a  yellow  predpitate  of  thallium 
uranate,  analogous  to  the  potassic  salt  described  above.  Normal  uranic  sulphate 
(U0,yS04  crystallises  in  yellow  non-fluorescent  crystals.  When  its  solution  in  con- 
centrated sulphuric  acid  is  evaporated  in  an  open  dish  at  200°,  an  add  sulphate 
Ha(U02)2S04  forms. 

Uranic  nitrate,  heated  with  solution  of  tetrethylammonium  hydroxide,  gives  a 
yellow  precipitate  of  tetrethylammonium  uranate  40J5».N0*U0,  +  3H,0. 

Boscoe  has  recently  studied  the  pentachloride  of  uranium  UCl,  which  is  obtained 
along  with  the  tetrachloride  or  uranous  chloride  (UGI4),  by  passing  dry  chlorine  over 
a  moderately  heated  mixture  of  any  oxide  of  uranium,  or  the  oxychloride  and  charcoal. 

Uranic  oxide  forms  no  chloride,  bromide,  or  iodide,  nor  are  there  normal 
uranic  oxy salts ;  all  the  uranic  salts  contain  the  group  UO,  or  uranyl,  which  plays  the 
part  of  a  bivalent  radide — for  instance,  in  the  following  compounds: 

Uranyl  oxide,  or  uranic  oxide  (U02)0 
Uranyl  chloride,  or  uranic  oxychloride  (U0,)C1, 
Uranyl  nitrate,  or  uranic  nitrate  (UO,)  2N0, 
Uranyl  sulphate,  or  uranic  sulphate  (UO,)  (SO4). 
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rOVS   OZIBB. 

Formula  UO,.    Molscuulb  Wuoht  272. 

This  oxide  may  be  obtained  in  several  ways,  as  bj  ignition  of  the  oxalate  in  a 
doeed  ciiicible,  or  the  potassio-uranic  chloride  in  hydrogen.  The  anhydrous  oxide  is 
not  attacked  by  dilute  acids. 

The  hydrated  oxide  is  produced  by  adding  ammonia  to  a  solution  of  uranous 
chloride  UCI4  and  this  reddish-brovn  precipitate  is  readily  soluble  in  acids. 

This  oxide  forms  green  salts  of  a  czystaUisable  nature,  exhibiting  a  tendency  to 
absorb  oxygen.  On  igniting  the  protoxide  to  redness,  and  suddenly  cooling  it,  the 
black  oxide  U^O^  is  obtained  ;  it  is  also  obtained  by  ignition  of  the  nitrate  and  finds 
a  high  price  in  the  arts  for  its  uses  in  colouring  porcelain. 

When  the  black  oxide  is  heated  moderately  in  air  or  oxygen,  it  is  converted 
into  the  oxide,  forming  the  essential  constituent  of  a  pitchblende,  that  is,  Uie  green, 
or  nranoeo-uranic  oxide  U,0,  or  UO}.  2X103.  On  stronger  ignition  the  black  oxide  is 
zsfbrmed.    This  oxide  does  not  form  salts. 


UKAVZC    OZIBB. 

FoBMUiA  UO,.    M0LBCULA.R  Wkioht  28B. 

This  oxide  partakes,  as  we  have  already  seen,  of  the  characters  of  both  an  acid 
and  a  base. 

According  to  Ebelmen,  a  hydrate  of  it,  U0,3H,0,  is  obtained  by  exposing  a 
strong  solution  of  uranic  oxalate  to  the  8un*8  rays,  when  a  brownish-violet  powder 
forms  consisting  of  the  g^en  oxide  in  a  hydrated  state,  U,Og,  3H,0,  while  carbonic 
anhydride  is  evolved.  On.  further  exposure  to  the  air,  this  substance  takes  up 
oxTgen  and  becomes  transformed  into  a  greenish-yellow  mass  of  U0„  SB.fi.  From 
this  the  anhydrous  oxide  is  obtained  by  heating  it  to  a  temperature  of  300°  C. 

The  salts  of  uranic  oxide  are  of  a  bright  yellow  colour. 

The  compounds  of  this  oxide  with  the  earths  are  capable  of  withstanding  a  strong 
beat  without  decomposition ;  hence  they  are  employed  to  give  a  fluorescent  yellow 
colour  to  glass. 

UrancUes. — As  already  shown,  uranic  oxide  possesses  not  only  basic,  but  also  acid 
powers  of  combination.  The  combinations  with  the  alkali  metals  may  be  obtained 
by  precipitation  of  a  uranic  salt  with  an  alkali. 

The  potassic  salt  has  the  formula  K.0.2UO„3H20,  while  the  sodic  salt  which  is 
prepared  as  a  commercial  article  for  staining  glass  is  represented  by  Na202UO|6Aq. 
To  prepare  it,  pitchblende  is  roasted  with  lime  in  a  reverberatory  furnace,  and  the 
resulting  product,  which  contains  calcic  uranate,  is  decomposed  by  dilute  sulphuric 
add,  giving  uranic  and  calcic  sulphates.  On  now  heating  the  solution  when  drawn  off 
from  the  calcic  sulphate  with  sodic  carbonate,  sodic  uranate  is  precipitated  in  an 
impure  form ;  it  is  redissolved  by  excess  of  the  alkali,  and  reprecipitated  by  dilute 
sulphuric  acid,  giving  pure  hydrated  sodium  uranate  (Na30.2UO„6li,0). 

Of  the  ammonium  salt,  or  '  uranium  yellow '  as  it  is  termed,  we  have  already 
spoken. 

The  oranates  of  the  earth  metals  and  heavy  metals  are  prepared  by  adding 
Ammonia  to  a  mixture  of  a  uranic  salt  and  a  salt  of  the  metal  desired.  The  double 
carbonates  and  acetates  of  uranium  and  other  metals  yield  uranates  on  ignition. 


ARSENIC. 

Symbol  Ab.    Atomic  Wkcibt  76. 

Blstorj. — Though  this  elementaiy  sabstance  was  known  at  a  yery  remote  penod, 
it  was  first  accurately  investigated  in  1733,  and  its  relation  to  white  arsenic  pointed 
ont  by  Brandt.  In  1775  arsenic  acid  and  arsenuretted  hydrogen  were  disooTOced  by 
Scheele,  and  the  general  chemical  relations  of  arsenical  compounds  were  afterwards 
more  thoroughly  inTcstigated  by  Berzelius. 

Ooomrenoe. — Arsenic  occurs  naturally  to  some  extent  among  the  mineral 
deposits  in  the  older  rocks,  but  it  is  much  more  frequently  met  with  in  a  state  of  com- 
bination ;  either  with  sulphur  as  realgar  and  orpiment,  with  antimony  as  all e- 
montite,  with  iron  as  arsenic  pyrites  Fe^As,  and  arsenosiderite  FeA%, 
with  cobalt  assmaltine  and  tesseral  pyrites,  with  nickel  as  white  nickel 
pyrites,  copper  nickel,  and  placodin;  also  in  combination  with  various  other 
metals  and  their  sidphides, as  in  mispickel  FeAsjFeS,,  grevcopper,  etc;  combined 
with  oxygen  as  arse  no  lite,  and  with  oxygen  and  metallic  oxides  in  the  state  of 
arsenates  as  pyromorphite,  skorodite,  cube  ore,  etc  In  smaller  amount  and  in 
various  states  of  combination,  arsenic  also  occurs  in  a  very  large  number  of  minerals, 
as  well  as  in  the  water  of  some  mineral  springs  and  in  the  ferruginous  deposits  fiom. 
such  water. 

Cbaraotem. — Arsenic  is  a  solid  substance  of  a  steel-grey  colour  and  metallic 
lustre  ;  it  is  crystalline  and  very  brittle  ;  its  specific  gravity  varies  from  5*7  to  5*9. 
When  heated  it  does  not  melt,  but  volatilises,  and  in  contact  with  atmospheric  air  is 
readily  oxidised.  The  vapour  is  very  poisonous,  and  has  a  characteristic  odour  re- 
sembhng  garlic.  It  exhibits  a  vapour  density  of  150,  which  is  twice  its  atomic  weight, 
so  that  its  gaseous  molecule  like  that  of  phosphorus  occupies  only  one  half  the  volume 
of  a  molecule  of  hydrogen.  Arsenic  is  ctipablo  of  assuming  at  least  two  distinct  allo- 
tropic  conditions,  and  its  physical  characters  vary  according  to  the  manner  in  which 
it  is  sublimed.  Thus,  if  it  be  strongly  boated,  or  made  to  condense  upon  plates  at  a 
temperature  slightly  below  that  at  which  arsenic  volatilises,  so  that  the  deposition 
takes  place  in  an  tirsenical  vapour,  it  takes  the  form  of  a  nearly  white  mass,  with  a 
poweriul  metallic  lustre.  This  form  of  arsenic,  even  when  in  the  state  of  powder, 
scarcely  oxidises  in  the  air  or  at  a  temperature  of  80°  C.  It  is  this  form  of  the 
metal  which  is  produced  by  heating  arsenical  pyrites. 

On  the  other  hand,  the  arsenic  obtained  by  reduction  of  arse  nous  acid  with  charcoal 
takes  the  form  of  a  dark  grey  crystalline  powder  of  less  density  than  the  compact 
form  o  arsenic.  Arsenic  assumes  this  condition  when  obtained  in  any  way  in  which, 
before  condensation,  its  vapour  is  mixed  with  other  gases.  This  form  of  arsenic 
oxidises  readily  in  the  air,  especially  at  higher  than  normal  temperatures.  Arsenic 
combines  readily  with  chlorine,  bromine,  iodine,  or  sulphur,  especially  when  heated  ; 
it  is  oxidised  by  nitric  acid,  but  is  little  afifecte^l  by  hydrochloric  acid. 

Native  arsenic,  which  is  sometimes  definitely  crystalline  (indistinct  rhombohedral 
crystals),  resembles  in  its  general  characters  the  artificial  preparation. 

Preparatton. — Arsenic  is  obtained  by  subjecting  either  the  native  iron  azsenideB 
FeAs,  and  FejABg,  ormispickel  FeAs^FeS,,  mixed  with  scrap  iron  and  lime,  to  the 
action  of  heat  in  tubular  earthen  retorts,  by  which  moins  these  substances  are  decom- 
posed, and  the  arsenic  liberated  is  sublimed  into  suitable  condensers,  leaving  a  residue 
of  metallic  iron  or  of  fr^rrous  sulphide.  It  is  also  pre{)ared  from  the  crude  arsenous 
oxide  obtained  as  a  sublimate  in  roasting  arsenical  ores,  by  reducing  this  product  with 
charcoal,  and  distilling  off  the  arsenic  from  tubular  retorts  into  condensers  made  of 
thin  sheet  iron  rolled  into  the  form  of  tubes,  and  connected  with  the  mouths  of  the 
retorts  with  a  luting  of  fire  clay. 

The  furnaces  employed  at  Ribas  in  Spain  for  extracting  arsenic  from  mispickel  are 
represented  by  figs.  370  and  371.  The  ore  is  heated  in  a  number  of  horiaontal  tubes 
(a  a)  arranged  on  each  side  of  the  arched  chamber  heattni  by  a  fire  on  the  grate  {d). 
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The  products  of  combustion  pass  off  through  the  flues  (cc)  into  a  chimney.  To  the 
ends  of  the  tubes  projecting  beyond  the  side  of  the  furnace  are  attached  the  receiTent 
(6  b)  in  which  the  arsenic  is  condensed. 


Fio.  370. 


a 
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TT 
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Fio  371. 

At  Reichenstein  in  Silesia  similar  furnaces  are  employed  in  working  mispickel  and 
anenical  pyrites,  which  frequently  contain  some  gold. 

ITses. — Arsenic  is  used  principally  to  form  an  alloy  with  lead  for  makinc^  shot, 
as  it  renders  the  metal  harder  and  prevents  the  globules  from  losing  their  spherical 
shape. 

Compounds. — The  constitution  of  arsenical  compounds  is  in  many  instances 
closely  analogous  to  that  of  phosphorous  compoimds,  and  in  some  instances  to  that  of 
nitrogen  compounds.  With  hydrogen  it  forms  a  gaseous  substance  AsH^  called 
arsine  or  arsenetted  hydrogen,  and  corresponding  to  ammonia  and  phosphine 
in  its  chemical  relations.  With  chlorine  it  forms  a  trichloride  AsCl, ;  it  also  forms 
similar  compounds  with  bromine,  iodine,  and  fluorine.  Besides  the  trivalent  character 
which  it  presents  in  these  compounds  in  common  with  nitrogen,  phosphorus,  antimony, 
and  bismuth,  arsenic  has  like  them  a  pentayalent  character  in  some  of  its  compounds. 
For  instance,  there  are  two  oxides — arsenous  oxide  As^O,,  and  arsenic  oxide  As,Oy 
the  compounds  corresponding  to  these  two  sul)stances  being  distinguished  as  arsenous 
compounds  and  arsenic  compounds.  Both  the  oxides  combine  with  water  and  basic 
oxides,  forming  two  scries  of  salts  termed  respectively  arsonites  and  arsenates, 
corresponding  to  the  phosphites  and  phosphates;  of  the  two  hydrogen  salts  of  these 
oxides,  constituting  arsenous  acid  ir,Af<0„and  arsenic  acid  HgAsO^,  the  latter 
only  is  known.  The  normal  constitution  of  the  neutral  arsenites  is  represented  by  the 
formula  MjAsO,,  but  they  are  readily  converted  into  basic  or  acid  salts  and  the  com- 
position of  them  is  only  imperfectly  known.  The  neutral  arsenites  of  the  alkalies  and 
alkaline  earths  are  soluble  in  water;  mot>t  of  the  others  are  insoluble.  The  neutral 
arsenates  correspond  to  the  formula  M^s04,  and  they  are  much  more  stable  substances 
than  the  arsenites;  the  neutral  arsenates  of  the  alkalies  are  soluble  in  water  and  all 
the  others  insoluble  in  water,  but  several  of  them  are  dissolved  by  arsenic  acid,  form- 
ing monometallic  add  salts  which  dissolve  in  water.    The  dimetallic  arsenates  of  the 
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alkaline  earths  are  also  dissolTdd  by  solutions  of  ammoniacal  salts,  owing  to  the 
ation  of  doable  arsenates  which  are  soluble  in  water. 

Arsenic  combines  with  sulphur  in  three  proportions,  forming  a  disolphide  As^ 
which  occurs  naturally  as  realgar;  a  trisulphide  As,S„  which  occurs  as  orpiment, 
and  a  pentasulphide  AssS^.  The  two  latter  correspond  to  arsenous  oxide  and  anenio 
oxide,  and  they  both  combine  with  basic  sulphides,  forming  two  series  of  saline  com- 
pounds termed  sulpharsenites  and  sulpharsenates,  many  of  which  correspond 
in  constitution  with  the  oxygen  salts,  sulphur  taking  the  place  of  oxygen.  Only  the 
di  sulphide  and  the  trisulphide  or  arsenous  sulphide  are  known  in  the  uncombined  stata^ 

Arsenic  unites  readily  with  many  metals  when  melted  with  them,  forming  alloys 
which  are  generally  brittle  and  very  fusible ;  it  also  forms  definite  componi^  with 
metals,  which  are  termed  arsenides,  and  many  of  these  substances  occur  natuzally 
cither  as  distinct  minerals,  such  as  smaltine  CoA«  tesseral  pyrites  CJoAj!^ 
w  hite  nickel  pyrites  NiAs,,  copper  nickel  NiAs,  placodin  Ni^As,  arseno- 
siderite  FojAs,,  arsenic  pyrites  FeAs,;  or  associated  with  sul^des,  as  in 
cobaltine  GoA8,CoSx,  nickel  glance  NiAs^NiSs,  mispickel  FeAs^eS^  and  the 
various  kinds  of  fahl  ore  and  arseniferous  pyrites,  etc 


rOVS   OZIBB. 

FOBMTTLA  As^O,.      MOLBCULAB  WbIGET    198. 

BIstorj. — This,  substance  was  first  distinctly  mentioned  by  Oeber,  as  the  product 
obtained  by  oxidation  of  arsenous  sulphide,  and  subsequently  by  Avicenna  and  Basil 
Valentin,  as  arsenicum  album.  It  was  long  considered  to  contain  sulphur,  and  this 
opinion  was  first  disputed  by  Kinkel  in  1677;  but  it  was  not  recognised  to  bean 
oxide  until  the  year  1787,  and  in  1800  Fourcroy  gave  it  the  name  of  arsenous  add. 

Ooonrrenoe. — Arsenous  oxide  occurs  naturally  to  some  extent  as  arson ite,  to- 
gether with  ores  of  nickel  and  cobalt,  but  it  is  chiefiy  obtained  as  an  accessory  product 
in  the  treatment  of  ores  containing  arsenical  compounds. 

Cl&araoters. — Arsenous  oxide  is  a  solid  white  substance  which  crystallises  in  two 
distinct  forms,  and  is  also  capable  of  assuming  an  amorphous  or  vitreous  condition. 
Octahedral  arsenous  oxide  has  a  specific  gravity  of  2*695,  and  is  the  most  stable  form 
of  this  substance  ;  the  prismatic  variety  is  converted  into  the  octahedral  form  by  sub- 
limation and  by  solution  in  water ;  the  vitreous  oxide  has  a  specific  gravity  of  3*74 ; 
it  gradually  passes  into  the  octahedral  form. 

Arsenous  oxide  volatilises  at  about  218°,  forming  a  dense  colourless  rapour  the 
specific  gravity  of  which  is  13*85  as  compared  with  atmospheric  air.  The  vapour  has 
no  smell.  The  crystalline  oxide  sublimes  withrmt  melting,  but  the  vitreous  oxide 
melts  before  volatilising  to  any  great  extent.  Arsenous  oxide  dissolves  sparingly  in 
water,  requiring  10  or  12  times  its  weight  of  hot  water  and  about  30  parts  of  cold 
water ;  the  vitreous  oxide  dissolves  more  readily  than  the  crystalline  variety.  The 
solution  reddens  litmus  paper  slightly.  Dilute  acids  dissolve  arsenous  oxide  more 
copiously  than  water  with  aid  of  heat,  but  greater  part  of  the  oxide  crystallises  out  as 
the  solution  cools. 

Arsenous  oxide  readily  gives  up  its  oxygen  to  oxidisable  substances,  and  is  de- 
composed in  this  way  when  heated  with  carbon,  sulphur,  phosphorus,  sodium,  or  xinc^ 
with  liberation  of  arsenic.  The  vapour  brought  into  contact  with  red-hot  lime  is 
decomposed,  and  arsenic  liberated,  while  calcium  arsenate  is  formed  ;  at  a  lower  tem- 
perature part  of  the  arsenous  oxide  combines  with  the  lime,  forming  calcium  arsenita. 
A  similar  result  is  produced  by  heating  arsenous  oxide  with  potassium  carbonate. 

Arsenous  oxide  is  converted  into  arsenic  oxide  by  nitric  acid,  chromic  acid,  hypo- 
chlorous  acid  and  other  substances  capable  of  giving  up  oxygen ;  it  is,  therefore,  a 
powerful  reducing  agent. 

Arsenous  oxide  combines  with  basic  oxides,  forming  a  series  of  saline  compounds 
called  arsenites,  in  which  it  acts  the  p^  of  an  acid.  The  hydrate  or  hydroeen 
salt  is  not  known,  but  it  is  probably  tribasic,  and  most  of  the  salts  have  the  fi^owug 
formulBs: 

Trimetallic  salts  M^AsO,  or  M%2AbOs 

Bimetallic  salts  M^HAsO,        or  M'^HAsO, 

Monometallic  salts       MHjAsO,        or  M"H42AsO, 
Some  of  the  arsenites  have  a  composition  represented  by  the  formula  2M,0.As,0^  or 
M^AsjOj,  and  acid  salts  M2O.2AS2O,  and  2M,0.3A820,. 

Ammonium  arsenito  NII4ASO1  is  crystalline  and  sparingly  soluble;  it  is  Tsry 
readily  decomposed  by  contact  with  atmospheric  air. 


ABSENOTTS  OXIDK.  495 

PoMiBiamftrienitsB.— The  tnonopaCassie  rait  2KK^sO,.Ab,0,  obtained  I^ 
dignting  atwnons  oxide  vith  potasdum  carbonate  solution  at  100°  formB  prismatic 
OfataU  irhich  giTS  off  vater  at  100°,  and  are  converted  into  a  compouad  of  {ynj- 
uwnite  with  anenona  oiide  £!2H,As,0,.As,0,  ;  this  when  heated  more  stcongly  giTes 
off  water,  melta  to  a  jellov  liquid  vbich  solidiSes  on  cooling,  and  coneisU  of  metar- 
MDits  combined  with  araenooa  oxide  2KAbO,.Ab,0,  or  K,02Ab,0,. 

Sodium  arseniteB  ara  (bnned  by  the  reaction  of  arsanoua  oiido  with  sodiom 
caibouate  in  the  ums  manner  as  the  polauium  nails,  but  their  composition  has  not 
been  so  full;  determined. 

Vreparotlaii. — ArseoOM  oride  is  prepared  in  some  places  by  roasting  either 
mtspickel  or  arsenical  pyrites  in  a  kind  of  mnffle  furnace,  so  thnt  the  powdered  ore  is 
exposed  at  a  high  temperature  to  the  oiidisiog  acdon  of  Btmoepherie  air.  without 
coming  in  contact  with  the  products  of  combuatiou  furnished  by  the  fuel  used.  At 
Alienberg  in  Ssiony  and  Keichstein  in  Silesia  this  operation  is  earned  out  on  a  large 
smie,  and  the  vapour  of  araenons  oxide  is  condensed  in  spacious  cbnmbers  connoctal 
with  the  mnffles.  The  fomaces  uied  far  this  purpose  are  represented  in  transverse 
and  loDgitudinal  sections  by  figs.  372  and  373.     The  mnffie  (a)  is  inclined  upwanii 


from  die  month  of  the  fomace  (A)  and  is  healed  by  Sues  {ccc)  passing  round 
eommnDiesling  with  the  smoke  flue  (<)  and  with  the  fireplace  (»).  The  arsenoni 
oxide  Taponr  passes  off  through  two  fines  (//)  shown  in  the  ground  plan,  fig.  876,  into 
Lwo  other  flues  iffg),  both  terminating  in  the  flue  (*)  which  conducts  the  rapour  into 
the  Tault  (b)  ;  it  then  passes  through  the  openmg  (i)  inla  the  chamber  (J;)  and 
thnmgh  the  opening  (i)  into  the  lower  chambers  (m  n>  of  a  oondensation  tower  re- 
pr««Dt«d  in  Ttrtieal  section  by  fig.  374.    l^ia  i*  divided  int«  sereral  compartmenti 


Via.  374. 


Fw.  378, 


{mnopgr);  here  the  anenoas  onde  is  deposited  in  the  stats  of  a  fine  powder  and 
the  nneondeiuable  gas  pofsrs  away  through  the  chimney  {t).  When  the  operation  is 
eompleted  the  coveis  (t  0  on  the  floor  of  tbe  chambers  are  removed  for  the  pnrpow  of 
tzansfbrnng  the  arsenons  oxide  into  the  lower  chambers  of  the  tower.  The  resido* 
left  in  the  muffle  contains  ferric  arsonate,  together  with  the  silicious  portion  of  the  ore, 
and  itii  nther  thrown  away,  or  iu  some  instances  treaMd  for  the  extraction  of  gold  and 


Tbi7  frequsntl;  smDiiui  aiide  is  obtaiaed  u  a  bj-prodoet  id  Uia  niMt 
wioiu  otea  eonUining  tmenicol  minerals,  and  then  it  ia  coiideDaed  from  tha  g 
nrodactii  hj  puaiog  tbani  throDgh  a  aerisi  of  Sua*  connectad  with   the  ra 


Hie  iiimaeaa  mad  ia  this  eaie  ara  aomatlinei  conitnicted  ao  that  the  flame  nn  be 

admiUad  into  the  loasting  chamber,  m  ezeliidad  at  will.   Fie.  ST8  repnaentaa  fiunMa 

,  ,  ,  ,  „  of  this  kinifoaedfttRiliaainSp«in,fijr 

^  Toaating  araenioal  pyrites.  Tha  hearth 


,-,  _  _jp^tad  on  cnaa  mdle  (t) 
betwaaa  which  the  flame  from  the  fin 
gmle  (i)  plnTH  against  the  lover  ant^ 
face.  The  opening  (c)  at  ihe  and  of 
the  hearth  can  be  closed  bj  a  alidiig 
damper  (rj)Hnd  the  flame  ia  then  made 
to  piua  into  tha  chinma;  (/)  throngh 
the  flue  («).  If  it  be  deairsd  to  admit 
thp  flame  into  the  roasting  chamber, 
the  flue  {«)  is  closed  b;  a  damper  {a) 
and  the  dranght  then  pnesee  acroaa  tlie 
henrLh  to  l£e  flne  (0.  Above  the 
mouth  of  the  furnace  is  a  vertical  flga 
(1)  through  which  uiy  aFeenieal  Taponr 
esciqiing  from  the  chamber  punas  off 

The  pulTernleot  araeoona  oxide 
obtained  in  either  case,  rpqaires  to  be 
refined  and  converted  into  a  market 
nble  condition  ;    for    this    purpoae  it 

Bublimed  in  oist-iron  pota  anr- 
mounted  bj  cjlindera  of  the  same 
material.  Tbe  general  arrangement 
of  IheupparalnsisrepresBnted  by  flga. 
377  and  378,  Tho  iron  poU  {et)  tar 
beating  thp  arat-noue  oiide  are  set 
over  separate  flreplacea  {dS)  fltt«d 
with  doora  (o  o)  and  having  flues  (//) 
leading  to  a,  common  chimney  ig). 
Above  tbe  pote  are  tha  iron  cylinden 
(A  i)  covered  wilh  the  cKp«  (ii),  and 
pipes  {kli)  leading  to  the  chamber  (!}; 
"  ■ '  ise  pipea  there 
ntrododng  ao 


openings  (m 


According  to  tbe  temperalDre  at 
which  tha  oporat'ion  is  condacted,  tha 
enblimeil  arsenons  oxide  ia  obtained 
in  the  stale  of  a  loose  friable  ntaii  or 
as  a  bard  vitieons  cake. 
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Tlie  fitUowing  table  givM  the  composition  of  arsenouB  oxides  obtained  from  the 
roasting  of  tin  ores  at  Altenberg. 


Anenons  osdde 

90-10 

95-95 

94-31 

98-20 

Anenons  solphide 

206 

0-32 

103 

— 

Bismuth 

— 

0-26 

— 

Solphiir    .        * 

018 

0-71 

0-50 

— 

AntunonoQS  oxide 

— 

— 

1-68 

Oie                  

6-56 

2-79 

8-21 

— 
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\ — This  substance  was  first  prepared  by  Scheele  in  1775  ;  but  some  of  its 
compounds  were  known  long  before  that  time,  and  the  preparation  used  in  medicine 
by  Paracelsus  under  the  name  of  arsenicum  fixum  was  potassium  arsenate  obtained  by 
heating  arsenoas  oxide  with  nitre.  Macquer  also  in  1744  found  that  the  residue  left 
in  preparing  nitric  acid  according  to  Glauber's  method  by  distilling  nitre  with 
arsenous  oxide,  contained  a  cry stalli sable  salt,  and  in  1798  by  heating  white  arsenic 
with  sulphuric  acid  he  obtained  a  fixed  Titreous  substance  which  was  probably  the 
hydrate  of  arsenic  oxide ;  prior  to  1764  Gavendish  had  studied  this  substance,  to 
which  he  gave  the  name  of  arsenical  acid. 

Oecnrreiice. — Arsenic  oxide  does  not  occur  naturally  in  the  free  state ;  but  it  often 
occurs  in  combm-ition  with  lime  as  pharmacoli  te  2CaHAs04  -»-  6H3O  and  as  haid- 
i  n  g  e  r  i  t  e  2CaHA804  +  H-0,  with  ferric  oxide  asironcinder  2FeaOj.  AsjOg  + 1 2H,0, 
as  scorodite  Fe^OsAs^O^  +  4H,0,  as  pittizite  2Fe203.As20j+ I2H3O,  and  wiUi 
ferrous  and  ferric  oxides  as  cubeore  FoO.FejOg.AajOj  +  eHjO;  with  lead  oxide 
and  lead  chloride  as  pyromorphite  3PbO.As,Oj.PbCl2,  with  lime  and  magnesia  as 
picropharmacolite  CaHAsOi.MgHAsOi  +  2CaMg,As04  +  dH^O,  with  cobaltous 
oxide  as  cobalt  bloom  Co^sO^^^^fi,  and  with  cupric  oxide  as  oliyinite 
4CaOAs20,+  H,0,  as  well  as  in  yarious  other  minerals. 

Ol&araoters. — Arsenic  oxide  is  a  white  substance  nearly  insoluble  in  water,  but  it 
gradually  combines  with  water,  forming  a  soluble  hydrate  ;  it  is  decomposed  at  a  full 
red  heat  into  arseuous  oxide  and  oxygen  ;  it  is  also  decomposed  when  heated  to  redness 
with  carbon,  metals,  potassium  cyanide,  etc.,  yielding  metallic  arsenic. 

The  compound  of  arsenic  oxide  with  water  As^O^SHsO  =  2H,A804  is  called 
arsenic  acid,  and  is  the  representative  of  a  series  of  saline  compounds  caUed 
arsenates,  consisting  of  arsenic  oxide  combined  with  yarious  basic  oxides.  The 
normal  or  neutral  arsenates  contain  three  atomic  proportions  of  monovalent  metals  to 
one  atomic  proportion  of  arsenic,  or  three  of  divalent  metals  to  two  of  arsenic,  and 
their  composition  is  represented  by  fi^rmulee  corresponding  to  that  of  arsenic  acid 
H^AsO^;  thus,  for  instance,  potassium  arsenate  is  K^AsOi,  calcium  arsenate  is  Ca,2  AsO^ 
and  ferric  arsenate  FeAsO^.  There  are  also  two  series  of  acid  arsenates  in  which 
only  part  of  the  hydrogpn  of  arsenic  acid  is  replaced  by  a  metal;  the  acid  sodium 
arsenates  have  the  formuls  Na^HAsO^  and  NaHjAsOf ;  the  corresponding  barium  salts 
are  BallAsO^  and  B4iH42As04.  The  arsenates  .-ire  isomorphous  with  the  corresponding 
phosphates. 

Arsenic  acid  H^AsOf  is  a  crystallisable  substance  readily  soluble  in  water.  It 
may  be  prepared  by  heating  arsenous  oxide  with  nitric  acid  of  r36  specific  gravity 
in  sufficient  quantity  to  oxidise  the  arsenous  oxide ;  a  syrupy  liquid  is  thus  obtained 
which  by  standing  deposits  crystals  containing  two  molecules  of  the  acid  and  one 
molecule  of  water  of  crystallisation  2lI,As04  +  ^,0 ;  these  crystals  are  very  deli- 
quescent, and  when  heated  to  100°  they  melt,  lose  the  water  of  crystallisation,  and 
are  converted  into  a  crystalline  powder  consisting  of  H,As04.  This  substance  may 
also  be  obtained  in  laige  crystals  by  exposing  a  concentrated  solution  of  arsenic  acid 
to  a  ycry  low  temperature.  Another  hydrate  of  arsenic  oxide  AS2OJ2H2O  «  HiAs^Oy 
is  obtained  by  heating  the  hydrated  crystals  of  arsenic  acid  to  a  temperature  ranging 
from  140°  to  160'^ ;  it  separates  in  hard  shining  crystals  which  dissolve  in  water  with 
great  increase  of  temperature.  By  h&iting  these  crystals  to  200°  for  some  time,  and 
then  raising  the  temperature  to  206°,  water  is  given  off,  the  mass  suddenly  becomes 
pasty,  and  is  converted  into  a  white  flaky  monohydrate  HAsO,  which  dissolves  slowly 
m  coM  water.    These  hydrates  of  arsenic  oxide  correspond  to  the  hydrates  of  phos- 

KK 
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phorie  oxide,  bat  differ  from  them  in  being  at  once  conreited  into  the  ocdiiuay  tnbj' 
orate  when  diseolred  in  water. 

Ammonium  arsenate  3NH4.Afl04  is  a  soluble  pulyerulent  substance  obtained 
by  saturating  strong  ammonia  solution  with  arsenic  acid  ;  it  is  decomposed  by  heat 
and  conyertod  into  the  acid  salt  2NH4.HASO4,  which  cmtallises  in  prisms  that 
effloresce  in  the  air,  giving  off  half  their  ammonia ;  this  salt  when  heated  is  aecomposed, 
yielding  ammonia,  water,  metallic  arsenic,  and  nitrogen.  The  salt  "SHfi^ABO^  is  Tery 
soluble  in  water  and  has  a  strong  acid  reaction  ;  it  crystallises  in  octahedxa,  is  Tay 
deliquescent,  and  is  decomposed  by  heat  like  the  last  mentioned  salt. 

Sarium  arsenate  6a,2As04  is  insoluble  in  water ;  the  acid  salt  BaH«2Ai04  b 
soluble  in  water  and  crystallisable,  and  the  intermediate  salt  BaHAsOi  obtained  as  a 
precipitate  by  adding  solution  of  disodic  arsenate  to  barium  chloride  is  readily  ccm- 
vertible  into  the  two  salts  first  mentioned ;  it  combines  with  ammonia,  forming  a  oy- 
stalline  precipitate  having  the  composition  represented  by  the  formula  Ba.NH4As04. 

Calcium  arsenates  correspond  in  composition  and  characters  with  the  barium 
salts,  and  some  of  them  occur  naturally. 

Cobaltous  arsenate  Ck>,2A804  occurs  naturally  in  a  hydrated  state,  as  cobalt 
bloom,  in  red  crystals,  and  as  prepared  by  precipitating  cobalt  salts  with  sodium 
arsenate  it  is  a  reddish  powder. 

A  basic  cobaltous  arsenate  known  by  the  name  of  chaux  mitaUique  is  used  as  a  Dig 
ment ;  it  is  prepared  either  by  adding  potassium  carbonate  to  a  soLation  of  ooUt 
glance  in  nitric  acid  as  long  as  ferric  arsenate  is  precipitated,  and  then  precipitating 
the  cobaltous  arsenate  from  the  filtered  solution  ;  or  by  melting  cobalt  glance  with 
twice  its  weight  of  potash  and  some  sand,  extracting  the  cold  mass  with  water,  and 
again  melting  the  insoluble  portion  with  potash ;  by  this  means  a  blue  slag  is  ob- 
tained together  with  cobalt  arsenide,  which  can  be  conyerted  into  the  basic  arsenate  hj 
careful  roasting. 

Cupric  arsenate  Cu,2As04  is  a  green  powder,  soluble  when  freshly  precipitated 
in  ammonia,  forming  upon  evaporation  of  the  liquid  crystals  which  are  decomposed  hj 
exposure  to  light ;  they  have  a  composition  represented  by  the  formula  CU4NH42ASO4 
+  2(NH4HO).    Several  basic  cupric  arsenates  occur  naturally. 

Ferrous  arse n ate Fe,2As04  is  a  white  pulverulent  substance  which  acquires  a 
greenish  colour  when  exposed  to  the  air. 

Ferric  ars  en  at  eFeA804  occurs  naturally  in  the  hydratedstate  as  scorodite, 
cube  ore,  and  in  other  minerals.  The  precipitate  formed  by  adding diaodic  arsenate 
to  ferric  chloride  solution  dissolves  in  ammonia,  and  on  evaporating  the  solution  gives 
a  ruby  red  mass  consisting  of  ammonio-ferric  arsenate. 

Lead  arsenate  Pb,2As04  is  a  whit«  insoluble  powder  that  turns  yellow  and 
cakes  together  when  heated,  but  does  not  melt.  This  salt  occurs  in  some  varieties  of 
pjrromorphite  in  the  place  of  lead  phosphate. 

Magnesium  arsenates  correspond  in  composition  and  characters  with  the  cal- 
cium salts  ;  the  acid  salt  MgH42As04  is  readily  soluble  and  forms  a  gummy  mass  in 
the  dry  state.  Ammonio-magnesic  arsenate  MgNHfAsOf  +  6H,0  is  formed  as  a  cry- 
stalline precipitate  on  adding  an  ammoniacal  solution  of  arsenic  acid  to  the  solution  of 
a  masnesium  salt  mixed  with  ammonium  chloride ;  it  is  almost  insoluble  in  water, 
containing  ammonia  like  the  corresponding  ammonio-phosphate.  Double  salts  con- 
sisting oftmagnesium  arsenates  and  calcium  arsenates  occur  naturally  as  picrophaima- 
colite,  and  corresponding  salts  containing  potassium  or  sodium  arsenates  maybe  formed 
artificially. 

Nickel  arsenate  Ni,2A804  occurs  naturally  as  nickel  bloom;  artificiaUypre 
pared  it  is  a  pale  green  powder  soluble  in  strong  acids  and  in  ammonia. 

Potassium  arsenate  K^AsOf  is  a  very  soluble  salt,  crvstallisable  in  small 
needles  which  deliquesce  rapidly  on  exposure.  Of  the  acid  arsenates  the  salt 
KjHAsOf  is  a  deliquescent  non-crystalline  mass,  and  the  salt  KH^AbO^  forms  crystals 
permanent  in  the  air ;  it  dissolves  in  about  6  parts  of  cold  water  and  a  smaller  propor> 
tion  of  hot  water,  but  is  insoluble  in  alcohol. 

Silver  arsenate  Ag,As04  is  formed  by  mixing  soluble  arsenates  with  a  solu- 
tion of  silver  nitrate  as  a  dark  brown  precipitate  which  melts  when  heated,  is  converted 
into  chloride  by  hydrochloric  acid,  and  is  soluble  in  acetic  acid  or  ammonia.  This  salt 
dissolves  in  solution  of  arsenic  acid,  and  on  evaporation  of  the  solution  the  monargentic 
salt  AgH2As04  is  deposited. 

Sodi  umarsenate  Na^AsOf  is  soluble  in  water,  and  crystallises  with  12  molecules 
of  water  in  rhombic  prisms  which  are  permanent  in  the  air  and  melt  at  86®.  The  disodic 
salt  Na2HAs04  is  also  soluble,  and  forms  crystals  with  12  molecules  of  water,  which 
effloresce  and  are  isomorphous  with  ordinary  sodium  phosphate.  A  more  concentrated 
solution  kept  at  a  temperarure  of  20®  gives  crystals  containing  14  molecolea  of  water, 
which  are  not  efflorescent. 
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The  monosodic  salt  NaH^O^  is  more  soluble  than  the  disodic  salt,  and  forms 
laige  cijBtals  isomorphoiis  with  the  corresponding  phosphate. 

The  double  sodic  and  ammonic  arsenate  NaNH^HAsOf  +  4H,0,  obtained  bj  mixing 
solutions  of  the  disodic  and  diammonic  salts,  forms  crystals  resembling  those  of  the 
corresponding  phosphate  known  asmicrocosmiesalt. 

Zinc  arsenat  e  Zn,2AjB04  occurs  naturally  combined  with  8  molecules  of  water 
askottigite;  on  adding  a  solution  of  sodic  arsenate  to  zinc  acetate  this  salt  is 
obtained  as  a  white  precipitate  which  dissolves  in  excess  of  arsenic  acid,  and  on  evapo- 
rating the  solution  ciyBtals  of  an  acid  salt  are  deposited. 


FOBMUIA  Ab^2*      MoifCULAB  WsiGHT   214. 

—This  substance,  commonly  called  realgar,  was  known  at  a  very 
remote  period,  and  was  mentioned  by  Aristotle,  Thcophrastus,  and  Diosoorides  under 
the  name  craySofkbci),  by  Latin  writers  as  sandaraca. 

Oceuirenoe. — Arsenic  disulphide  occurs  naturally  in  the  form  of  oblique  rhombic 
prisms  of  an  orange  yellow  or  reddish  colour,  accompanying  ores  of  lead  and  silver. 

ChmrtMiteTUm — As  prepared  artificially  by  melting  metallic  arsenic  with  sulphur 
the  disulphide  is  of  a  ruby  colour,  transparent,  easily  fusible,  and  it  solidifies  to  a 
crystalline  mass.  It  bums  in  the  air  with  a  blue  flame,  yielding  sulphurous  oxide 
anid  arsenous  oxide. 

Arsenic  disulphide  combines  with  basic  sulphides,  forming  saline  compounds  called 
hyposulpharsenites,  which  are  sparingly  soluble  in  water. 


rOVB    BUIJPBZBB. 

FOBMTTLA   As^.      MoLECri.AR   WsiOHT  246. 

Xlstory. — The  term  dfxrcKiicbK  was  probably  first  used  by  Dioscorides  to  indicate 
this  substance  as  distinguished  from  the  red  sulphide,  and  though  at  a  later  p«>riod  the 
difference  in  external  characters  between  these  substances  was  recognised,  thoy  wore 
often  regarded  as  being  in  conmion  with  white  arsenic  merely  modifications.  It  was 
not  until  1801  that  Proust  showed  that  orpiment,  or  the  yellow  sulphide,  did  not 
contain  oxygen. 

Oeomrenee. — Arsenous  sulphide  occurs  naturally  as  orpiment,  and  in  com- 
bination with  basic  sulphides  it  is  a  constituent  of  a  great  number  of  minerals. 

Cluuraoteni. — Arsenous  sulphide  has  a  fine  yellow  colour,  is  insoluble  in  water 
and  dilute  adds,  melts  at  a  moderate  heat  and  is  volatilisable.  The  crystalline 
form  of  the  native  sulphide  is  the  rhombic  prism.  The  specific  gravity  is  3*48. 
When  heated  in  contact  with  atmospheric  air  it  bums  and  by  oxidation  is  converted 
into  arsenous  oxide  and  sulphurous  oxide.  Chlorine  converts  it  into  a  brown  liquid 
consisting  of  arsenic  sulphochloride ;  nitric  acid  or  nitromuriatic  dissolves  it  with  oxi- 
dation ;  by  fusion  with  acid  potassium  sulphate  it  is  converted  into  potassium  arsenite 
and  sulphurous  oxide  is  given  off: 

12KHSO4+  As^,  -  3KaS0,    ^    12S0,  +   6H,0  +   2K,AsO, 

When  the  vapour  is  brought  into  contact  with  red-hot  lime,  calcium  arsenate  is  formed, 
together  with  calcium  sulphide : 

AsA  +   6CaO  =  3CaS   +   Ca^s,0„ 

and  is  attended  by  the  conversion  of  the  arsenate  into  arsenite  and  arsenic  is  given  off : 

dC^AsjO,  »   30a,Aa|0g   +   6CaO   +   4As. 

Arsenous  sulphide  combines  with  basic  sulphides  forming  the  saline  compounds 
aUed  sulpharsenites,  of  which  there  are  three  series  represented  by  the  potafisium 
•alts  8K^.As^,  or  K,AsS„  2KjS.AsA  or  K^AsjS.,  and  K^S.AsA  or  KAsS,.  Tne 
alkaline  salts  are  soluble  in  water,  but  the  solutions  are  decomposed  by  evaporation. 
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Stmbol  Sb.    Atomic  Whoht  122. 

BIstory. — This  elementary  substance  was  first  definitely  described  by  Basil 
Valentin  towards  the  end  of  the  fifteenth  century,  but  it  was  probably  known  at  an 
earlier  period.  It  was  at  first  reganied  as  a  variety  of  lead,  and  likewise  as  contain- 
ing  iron,  or  as  being  in  some  way  subject  to  planetary  infiuences  in  its  production. 

Oconrrence. — Antimony  occurs  to  some  extent  naturally  in  the  metallic  state 
and  in  the  form  of  alloys  with  other  metils;  in  various  states  of  combination  it  oocors 
more  frequently— the  sulphide  as  grey  antimony  or  stibnite,  the  oxides  as 
antimony  bloom,  valentinite  or  senarmontite,  and  as  antimony  ochre  or 
ceryantite.  The  sulphide  also  occurs  in  combination  with  seyeral  other  sulphides, 
as  berthierite,  zinkenite,  miargyrite,  bouruonite,  pyrargirite,  grey 
copper,  etc.,  and  in  combination  with  antimonous  oxide  as  red  antimony  or 
kermesite. 

Cliaraoters. — Antimony  is  a  bluish-white  metal  of  high  lustre  and  yery  crystal- 
line structure  ;  it  is  very  brittle,  and  the  density  yaries  from  6*702  to  6'860 ;  it  melts 
at  460^,  and  volatilises  at  a  higher  temperature.  Antimony  is  not  sensibly  oxidised 
by  exposure  to  atmospheric  air  at  ordinary  temperatures,  but  it  oxidises  readily  when 
melted.  At  a  red  heat  it  takes  fire  and  bums  with  a  white  fiame,  giving  rise  to  white 
fumes  of  antimonous  oxide. 

Antimony  is  oxidised  by  nitric  acid,  but  is  not  dissolved ;  by  moderately  dilute  acid 
it  is  converted  chiefly  into  antimonous  oxide,  and  only  a  small  proportion  of  antimonic 
oxide  is  formed,  but  with  strong  nitric  acid  the  product  is  chietly  antimonic  oxide. 
Antimony  is  not  acted  upon  by  dilute  sulphuric  acid,  but  when  heated  with  strong 
sulphuric  acid  it  is  oxidised,  sulphurous  oxide  is  given  oif,  and  antimonous  sulphate 
is  formed.  In  the  compact  state  antimony  is  not  dissolved  by  hydrochloric  acid,  but 
when  the  powder  is  heated  with  hydrochloric  acid,  it  is  dissolved  with  evolution  of 
hydrogen. 

When  in  the  form  of  powder  antimony  is  dissolved  by  a  solution  of  an  alkaline 
polysulphide,  while  the  metals  usually  associated  with  it  are  left  undisturbed. 

When  certain  solutions  of  antimony  are  subjected  to  electrolysis,  the  metal  is 
deposited  in  an  amorphous  form  with  properties  dififering  according  to  the  nature  of 
the  solution  employed  and  the  mode  of  deposition.  A  deposit  having  an  explosive 
property  is  obtained  by  using  weak  currents  of  constant  strength  and  concentrated 
acid  solutions.  When  deposited  from  the  chloride,  the  amorphous  antimony  has  a 
density  of  6'8  ;  if  heated  to  77*^  and  up  to  99°  sudden  evolution  of  heat  occurs  with 
violence.  The  metal  deposited  from  the  bromide  has  a  sp.  gr.  of  6'44,  and  at  121°, 
if  touched  with  a  red-hot  wire,  it  gives  out  heat  with  explosive  violence.  The  variety 
deposited  from  the  iodide  has  a  sp.  gr.  of  6*25,  and  gives  out  less  heat  than  the  other 
forms. 

Preparatton. — Antimony  is  obtained  entirely  from  the  sulphide,  eitlier  by  con- 
verting it  into  oxide  by  roasting,  and  then  reducing  the  oxide  by  heating  with 
carbonaceous  materials,  or  by  melting  the  sulphide  with  metallic  iron  or  charcoal  and 
alkalies.  When  iron  is  used  for  the  purpose  of  extracting  antimony  from  the  sulphide, 
it  should  be  either  in  the  spongy  state  or  in  the  form  of  filings.  The  operation  is  con- 
ducted either  in  crucibles  or  in  reverbcratory  furnaces.  The  reduction  by  metaUic 
iron  takes  place  according  to  the  following  equation  :  SbjSj  +  3Fe   =   2Sb  +  3FeS. 

The  whole  of  the  sulphur  is  separated  from  antimonous  sulphide  by  iron  at  a 
moderate  heat,  but  a  higher  temperature  is  requisite  for  melting  the  ferrous  sulphide 
so  as  to  enable  the  antimony  to  separate  from  it  and  form  a  distinct  layer ;  at  this 
high  temperature  the  antimony  is  lial)le  to  oxidation,  and  to  prevent  this,  the  mass 
must  either  be  covered  with  charcoal  or  some  sodium  carbonate  must  be  added  to  the 
materials,  and  the  double  sulphide  of  iron  and  sodium  thus  formed  melts  more 
readily.     These  two  methods  of  extraction  may  be  briefly  described  as  follows  : — 
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In  the  Brat  tile  (olphids  is  routed  in  a  reTecberstorj  fomace  until  the  sulphnr 
il  expellad,  md  &  gray  mus  consietiiig  mainly  of  taroiide  of  ontimoDy  ragnlta : 
8b^  +  90  -  Sb,0,  +  SSOr  Dnrii^  thii  operatioD  the  char^  of  Btibnite 
nqmrea  eontUnt  nkuig  or  itiniiig,  to  brmg  every  part  in  contact  mth  the  oiygen 
of  the  air,  irbich  miud  with  ths  flonie  plaji  OTei  ita  snrfaca.     MeanThile  cue 


It  be  taken  that  the  temperatnre  shall  not  rile  above  a  sivei 
ilphide  of  antimooy  volatiliiea  aod  canae*  a  aerioiu  Ion  in  ^e  pFoceaa. 
The  prodnct  obtained  in  thii  way  ia  ziov  mixed  with  one  tenth  its  ireight  of  ends 


and  the  mixture  reduced  in  lar^  earthen  craciblei  ptaoed  in  a  wrod  ftmace. 
The  following  equation  lepceasnta  the  change  which  hen  ti^ea  place  : 

Sb,0,  +   2K0^,O,     -     2Sb   +   K,CO,   +   7C0  +   fiH^. 


Itnmg  solution  of  poUusic  carbonate.  In  either  case  the  metal  collects  at  the  bottom 
of  the  erocibles,  and  above  it  thera  forma  a  acoria  which  consiata  chiefly  of  antimonio, 
•odici  or  potaasic  aolphide,  which  ia  known  in  the  arta  as  crocna  of  antimony. 
Sometimes  the  metal  is  re-washed  with  the  acoria.  In  the  process  it  ia  estimated  that 
thiee  aevantls  of  the  total  amount  of  antimony  ia  lost.  The  metal  obtained  in  this  way 
is  not  pure,  but  ia  neverthelesa  ready  for  the  market ;  ito  principal  impurity  ia  iron. 

Figs.  379  and  380  illuatrate  the  constmction  of  a  fomace  which  waa  used  at  Lim, 
in  Oennony,  for  reducing  the  sulphide  by  one  operation.  The  bed  ia  eoneave,  and 
is  formed  of  sand  and  clay ;  through  the  pipe  (,a)  the  fused  metal  flows  oat  as  sotni 
as  it  is  produced ;  (A)  ia  on  air  channel  in  the  bridge  (d).     The  charge  ia  introduced 


Fio,  376.  Fia.  380. 


thiongh  the  door  (c),  and  through  the  aame  opening  the  reaidnat;  slog  is  removed  ; 
the  En  i«  ahown  at  (/) ;  (e)  is  toe  ^te,  and  (oj  the  chimney. 

In  the  English  procesa  of  obtaining  metallic  antimony  there  are  three  distinct 
opeiatJona.  termed  singling,  doubling,  and  melting  for  star  metal. 

t.  BoigliTig. — About  10  lbs.  of  the  ore,  broke  up  into  lumps,  are  introduced  into 
a  Ted-hat  crucible  with  a  quantity  of  slag  produced  from  the  d/nMing  operation. 
Above  this  mixture  there  is  pLiCed  a  moss  of  iron  which  generally  t&kea  the  form  of 
a  cone,  coniiating  of  old  tin  plate,  20  or  22  Ibe.  of  which  conatltnte  a  charge.  When 
the  chaige  of  ora  and  alag  haa  melted,  the  iron  ie  pressed  down  into  the  mass  and 
lednction  thus  eftacted.  Ejich  fusion  requires  about  1}  hours,  and  at  ita  l«nnination 
ths  molten  maaa  ia  poored  into  a  conical  mould ;  when  iniGcIently  cold,  the  antimony 
ia  separated  from  the  ferriginous  mass  covering  it. 

OouhliHg. — The  impure  metal  from  the  firat  operation  is  next  fused  in  a  aimilai 
Crudble  with  the  addition  of  a  little  sulphate  of  sodium  and  a  small  quantity  of 
■lag  from  the  third  operation,  80  lbs.  of  crude  metal,  and  2  of  salt  cake  being  the 
proportiona  employed.     The  foaion  laata  nearly  10|  Itours  and  gives  bowl  metal 

Sefininff,  fVenciii^,  or  Mtltingjor  Star  Metal—Aboat  60  Iba,  of  bowl  metal  aro 
broken  into  fragments  and  mixed  with  2  lbs.  of  pearl  ash  or  American  potush  and  Gibs, 
of  alag  obtained  from  a  previoua  similar  operation.  The  maaa  ia  melted  in  leas  than 
an  hour,  and  the  refined  metal  is  out  into  rectangular  ingots,  care  being  taken  to 
cover  each  one  with  slog.  In  this  way  the  metal  crystalliaes,  owing,  us  Matthleson  has 
■howD,  to  the  prearnce  of  some  little  impurity. 

ITae*- — Antimony  Is  too  brittle  to  be  of  much  vnloe  when  used  alone,  but  its 
alloys  are  widely  employed  :  auch  are  type  metsJ,  Britannia  metal,  plate  pewter,  et«. 

Antimony  is  also  nsal  for  hardening  boUeta  and  ahota,  etc. 

OootpoondB*-  Antimony  forms  two  aeriee  of  compounds  in  which  It  ia  respect- 
ively triTalent  and  pentavalent,  as  in  the  chlorides  SbCl,  and  SbCt^  or  the  oxides 
Sb,0,  and  Sb/),.  'niero  are  some  compounds  intermediate  between  these,  m,  for 
ir*<"'l",   the  oiidn  ShO^   which  may   bo  regarded  as  containing  antimonic  uids 
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combined  with  antimonous  oxide  Sb^O,  +  Sh  fi^  =  iSbO,.  Both  the  oxides  combine 
with  water  and  basic  oxides,  forming  two  series  of  salts,  termed  respectiyely  anti- 
monites  and  antimonates;  the  former  are  very  unstable,  but  the  latter  are  in 
many  instances  well-defined  salts.  Antimonous  oxide  also  acts  the  part  of  a  feeble 
base,  forming  compounds  with  sulphuric,  nitric,  and  tartaric  acids. 

The  salts  formed  from  antimonous  oxide  when  in  solution,  and  largely  dilated 
with  water,  give  a  milky  deposit  of  basic  compounds,  which  are,  howerer,  solnUe  in 
tartaric  acid. 

Antimony  unites  with  most  other  metals  when  melted  with  them,  forming  alloys 
which  are  hard  and  brittle ;  some  of  these  compounds  occur  naturally,  as  for  instance 
dicrasite  or  antimonial    silver  AggSb  and  Ag^b  in  the  form  of  six-sided 

Srisms  of  a  silver- white  colour.  Nickel  antimonide  NigSb  occurs  naturally  as  breit- 
auptite  in  thin  hexagonal  plates.  A  compound  of  antimony  with  arsenic  occurs 
naturally  asallemontite.  Antimony  and  lead  unite  readily  in  all  proportions,  the 
hardness  and  other  characters  of  the  aUoys  varying  according  to  the  relative  propor- 
tions of  the  metals.  The  alloy,  consisting  of  equal  proportions  of  lead  and  antimony, 
is  brittle  and  sonorous ;  when  the  antimony  amounts  to  only  one  twelfth  the  weight  of 
the  lead,  the  alloy  is  malleable  and  somewhat  harder  than  lead.  Type  metalis  an 
alloy  of  lead  containing  from  17  to  20  per  cent  of  antimony.  One  sort  of  type  metal 
consists  of  tea  lead  75  parts,  antimony  20  parts,  block  tin  5  parts ;  another  kind  is 
composed  of  tea  lead  70  parts,  antimony  25  parts,  block  tin  5  parts. 

Stereotype  metal  consists  of  6  parts  of  lead,  1  part  of  antimony,  and  sometimes  a 
little  block  tin  is  added. 

Of  Britannia  metal  there  are  various  varieties,  the  best  being  composed  as  fol- 
lows : — tin  150  lbs.,  antimony  10  lbs.,  copper  3  lbs.  Bismuth  and  zinc  are  sometimes 
added  in  small  proportions.  Alloys  of  antimony  with  tin,  or  with  tin  and  lead  or 
copper,  are  used  in  place  of  zinc  metal  for  the  bearings  of  machinery. 


[OVOVS    BUUPBZBB. 

Formula  Sb^,.   Molbcttiab  Wbioht  340. 

BIstory. — This  substance  was  known  at  a  very  early  period  under  the  name  of 
stibium,  and  subsequently  among  German  alchemi.«ts  as  spiessglass,  on  account  of 
its  acicular  crystalline  structure,  and  of  its  furnishing  a  glassy  product  when  partially 
roasted  and  exposed  to  a  strong  heat.  It  was  also  termed  antimonium,  and  it  has 
been  fancifully  supposed  that  this  name  was  adopted  to  indicate  the  poisonous  effects 
produced  by  it  and  its  preparations  upon  the  monks  to  whom  Basil  Valentine  admin- 
istered it  medicinally. 

Oecnirence. — Antimonous  sulphide  occurs  naturally  in  large  quantities  as  stib- 
nito  or  antimony  glance  in  the  older  rock  formations,  and  it  is  the  principal  ore 
of  antimony.  It  occurs  sometimes  combined  with  antimonous  oxide  as  red  anti- 
mony ore  and  with  ferrous  sulphide  as  berthierite.  It  also  occurs  in  combina- 
tion with  various  other  sulphides  such  as  lead  sulphide,  cuprous  sulphide,  silver 
suJphide,  etc.,  constituting  sulphantimonites,  which  are  frequent  ingredients  of 
the  ores  of  lead,  silver,  and  copper. 

Oliaractem. — Native  antimonous  sulphide  is  a  steel-grey  crystalline  substance 
that  is  readily  fusible  and  volatilisable  at  a  very  high  temperature.  Its  sp.  gr.  is  4*62. 

It  is  this  substance  which  constitutes  the  crude  antimony  of  commerce.  When 
heated  in  contact  with  atmospheric  air  it  bums  with  a  blue  flame,  sulphurous  oxide 
and  antimonous  oxide  being  formed : 

SbjSg  +  90  =  3S0,  +  Shfir 

Antimonous  sulphide  prepared  by  precipitation  with  acids  from  solution  of  alkaline 
sulphantimonites  is  a  brownish-red  pulverulent  substance,  having  a  sp.  gr.  of  4*15.  A 
mixture  of  the  amorphous  sulphide  with  antimonous  oxide,  known  by  the  name  of 
mineralkermes,  is  prepared  in  a  variety  of  ways  for  medicinal  purposes.  When 
melted,  the  amorphous  sulj)hide  becomes  black ;  and,  if  slowly  cooled,  it  assumes  a 
crystalline  condition.  Antimonous  sulphide  is  obtained  in  the  hydisted  state  by 
passing  sulphuretted  hydrogen  through  an  acid  solution  of  antimonous  chloride ;  it 
LAH  a  fine  orange  colour,  which  becomes  darker  when  the  precipitate  is  dried  and 
moderately  heated. 

When  kermes' mineral  is  digested  for  some  time  with  tartaric  acid,  any  anti- 
monous oxide  or  pot-assium  salt  which  may  be  present  is  dissolved,  and  the  pue 
tersulphide  remains. 
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nia  nlphide  may  tito  be  obtamed  in  cijstali,  by  meltjng  aiitimoDona  oiide  and 
Mlphni  together,  2Sb,0,  +  OS  =  ZSb^  +  380^ 

AntunmouB  solpliide  {^UI□binaH  with  basic  Bolphides  fonniug  a  series  of  saliiM 
(ompoonda  culled  EDlphaatimonitei;  the  mo«t  important  of  those  which  an  pre- 
pandaitiBciallTare  the  alkaline  saltaeallsd  liver  of  an  timany  which  &re  obtained 
by  melting  roiitores  of  ontimanaiu  sulphide  with  alkaline  carbooates,  or  alfcalin^ 
folphatae  and  charcoal ;  or  b;  melting  metallic  Bntimoaj  with  alkaline  snIphBtas.  In 
the  melted  state  these  gnbatancee  are  black  or  dork  brawn  and  ciyBtalline.  Tbey  di>- 
•olre  in  water,  bat  when  the  solutiona  are  mixed  with  a  vet;  large  proportion  of  waUr 
lbs  solt^iaiitimonite  ia  deposited  in  a  eelatinooB  state. 

ViwpBlkUOB. — Antimonous  sulphide  is  obtained  bj  heating  the  native  ore  snffl- 
dentlj  to  melt  the  sclpbide  and  separate  it  &om  the  gangiies  with  wltich  it  is  aaao- 
staua  in  the  native  Btat«.  Thia  operation  is  carried  oot  either  in  cmciblee  or 
clMed  cjlindncal  veesele  heated eilernally.  One  of  the  aimplest  forma  of  apparatni 
for  UlU  pnrpoae  ia  represented  by  fig.  3S1.  The  large 
crucible  (0)  is  filled  wiui  the  are  &om  which  the  sulphide 
is  to  be  eztracled  ;  holes  ore  pierced  in  the  bottom  so  Ibat 
the  melted  anlphide  nma  ont  into  a  smaller  crucible  (c) 
placed  beneath.  A  nnmber  of  these  cmcibles  are  arranged 
ID  thia  way  side  by  aide  between  two  walls  (a  a),  and  a  fire 
ia  made  in  the  interrening  apace  at  t  e. 

Hie  liquation  of  crude  antimony  is  eSected  at  Malbosc 
ia  tha  department  of  the  Ardiijie,  in  an  apparatni  of 
whidi  the  figure  (3S2)  represents  a  rertical  aectjon. 

The  minnsl  ia  placed  in  large  earthen 
pots  (s)  of  which  ibnr  are  aet  in  one 
fnmace.  At  the  bottom  of  each  an  aper- 
ture ia  Idt,  and  thia  corrresponds  with 
one  in  the  tile  upon  which  each  pot  reate. 
Beoeath  these  m  the  chambers  (c)  are 
placed  earthen  pota  (t)  into  which  the 
melted  nlphide  flows  aa  it  deecenda  bom 
tils  (^lindera. 

Owing  to  the  fuaible  nature  of  sulphide 
of  antimocy,  this  process  of  liquation  ie 
one  which  is  ensily  conducted,  and  gives 
little  tronbln. 

Fir  wood  conatitutce  the  feel  employed. 

In  England  a  reverheiBtory  Airiiac« 
haa  somednies  been  employed  ioateod  of 
the  plant  described  above. 

V*»m.  The  artificial  sulphide  is 
Bled  to  aome  extent  aa  a  red  pigment 
which  U  aold  midei  the  name  of  anhmony  ''"■  382. 

wnatltm.      It  ia   prepared   by  pouring 

solution  of  antimoDous  chloride  In  hydrochloric  acid  into  one  of  calcic  thioenlphate 
(hyposulphite} ;  on  heating  to  60°  C.  the  antimony  vermilion  ia  deposited. 

Kermea'  minflmi  ia  atill  largely  naed  as  a.  medicine  In  England,  particularly  fbr 
Tatsrinaiy  pnrpoeea.  It  may  be  prepared  in  many  waya,  the  oldeet  and  one  M  the 
best  being  as  follows.  The  powdered  sulphide  ia  boiled  with  a  Holutiou  of  potasae 
carbonate  or  canstlc  potash,  when  it  dlaeolvee,  and  on  cooling  the  filtered  liquid, 
KsnoM  ia  dspoeited  as  a  zeddish-brown  aabstance. 


FoBiroi.a  8b^,.    MoLocuLaB  Wxioht  404. 

m*  body,  known  sometimea  as  anlphantimonic  acid,  maybe  obtuuedby 
pMnj  Rdphnetted  hydrogen  through  ha  acid  solutioti  of  aatimonic  peutachloride. 
It  Ihrma  an  anhydrous,  orange-yellow  precipitate,  and  has  a  remarkable  fiwUi^  of 
'  les  of  the  alkali  metala,  farming  a  series  of  saliae 
lates.  The  composition  of  these  salta  may  be  rspr» 
monate  SNa^Sb^,  ^  2Xa,SbS,.  This  compinuid 
nay  be  obtained  as  a  crystalline  salt  with  B  molecules  of  water. 

The  medicinal  efFscta  of    this  sulphide  are  more  gjitive  than  those  of  kemaa, 
and  it  is  used  as  an  Bltematlve  in  coronic  diaeaaes  of  a  rheumatic  and  c 
nature,  aa  well  aa  in  liver  complaints. 
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AWTZMOVOVB   OZZBB. 

FoBXULiL  Sb,0,.      MOLBCUULB  WffiGHT   292. 

Ab  preyioufllj  stated,  Una  substance  is  found  to  some  extent  as  a  mineral  (valeiitin- 
tite  or  antimony  bloom).  It  was  well  known  to  Basil  Valentine,  who  named  it  jCorw 
antimonU. 

It  may  be  prepared  in  several  ways,  the  best  of  which  is  by  boiling  powdered 
metallic  antimony  mixed  with  excess  of  strong  sulphuric  acid  to  dirness ;  there  is 
thus/formed  an  insoluble  sulphate,  while  sulphurous  anhydride  is  evolyed.  The  last 
traces  of  acid  are  removed  by  washing  first  with  water,  and  then  with  dilute  sodic 
carbonate,  when  the  oxide  remains  behind  as  a  white  powder. 

On  heating,  it  assumes  a  yellow  colour,  but  becomes  again  white  on  cooling.  It 
may  be  melted  in  closed  vessels,  and  is  volatile  at  a  high  temperature  ;  the  vapour 
which  thus  forms  condenses  in  brilliant  needles  similar  to  those  obtained  in  the 
same  way  from  arsenous  oxide. 

On  burning  it  in  the  air,  it  forms  antimony  tetroxide.  It  is  freely  soluble  in 
hydrochloric  and  tartaric  acid,  but  is  oxidised  to  a  higher  form  by  nitric  acid.  It  is 
also  soluble  in  add  tartrate  of  potassium,  forming  tartar  emetic 
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Formula  Sbfiy    Molbculab  Wbioht  324. 

Antimonic  oxide  may  be  obtained  by  oxidising  the  metal  with  nitric  add,  and 
expelling  the  add  at  a  temperature  below  red  heat.  It  is  pale  yellow  in  colour,  and 
insoluble  in  water.  If  subjected  to  a  strong  heat  it  loses  oxygen  and  forms  antimony 
tetroxide  Sb204,  and  this  on  treatment  with  hydric  potassic  tartrate  (cream  of  tartar) 
forms  tartar  emetic,  and  antimonic  anhydride  is  left  undissolved : 

2Sb,04  =  Sb,0,  +  SbjOg. 

Antimonic  acid  forms  definite  compounds  with  the  alkali  metals.  Thus,  on  boil- 
ing it  with  potash,  it  dissolves,  and  on  the  addition  of  an  acid,  hydrated  antimonic 
acid  is  deposited  as  a  white  powder,  SbjOj,  4H2O. 

The  normal  potassic  salt  is  K^Sb^Oc  dH^O. 


EOVOVB    OB&OBZ9B. 

FoBMUUL  SbCl,.    MoLBCULAB  Wbioht  228*5. 

This  substance,  formerly  known  as  butter  of  antimony,  owing  to  its  f^ble 
nature,  may  be  obtained  in  the  anhydrous  condition  by  distilling  a  mixture  of  eight  parts 
corrosive  sublimate  with  three  of  powdered  antimony,  when  a  reaction  indicated  by 
the  following  equation  results :  Sb^  +  iHgClj  =  2Sb01,  +  SbjHg,  +  Hg^GL,  that 
is  to  say,  terchloride  of  antimony  distils  over,  while  an  alloy  of  antimony  and  mer- 
cury and  calomel  remain  behind.  Or  the  chloride  may  be  prepared  by  digfrjlliiy  ^ 
mixture  of  antimonous  sulphate  with  twice  its  weight  of  common  salt. 

Trichloride  of  antimony  is  a  volatile,  fusible,  ci^tallisable  body  of  a  deliqueseent 
nature,  and  of  corrosive  properties.  It  is  soluble  m  hydrochloric  add  and  in  water, 
but  much  water  will  cause  a  predpitate  of  an  insoluble  oxychloride,  Sb01„  Sb,0„  when 
added  to  its  solutions. 

Antimonous  chloride  is  used  in  the  bronzing  of  gun  barrels,  so  as  to  prevent  them 
frum  rusting 

AWTZMOWZC    CB&OBZ9B. 

FoRMXTiA  SbClj.    M0LBCU1.AB  Wbioht  299-5. 

This  compound  is  produced  when  a  current  of  dry  chlorine  is  passed  over  or 
through  antimonous  chloride,  gently  heated  in  a  retort.  It  is  a  very  volatile, 
slightly  yellowish  liquid,  which  emits  dense  white  fames  on  exposure  to  the  air,  and 
is  decomposed  on  distillation. 

When  treated  with  much  water  the  following  reaction  occurs :  2SbGL  +  7H.0 
=  H,SbA  +  lOHCl.  *•        •"« 

With  sulphuretted  hydrogen,  antimonic  chloride  produces  a  white  crystalline  sub- 
stance of  the  formula  SbCl,S.  It  also  forms  interesting  compounds  with  the  hi^er 
chlorides  of  phosphorus,  selenium,  sulphur,  etc. 

In  studies  upon  so-called  organic  compounds  it  is  often  used  as  a  chlorinatiDig  bodj. 


BISMUTH. 

Stxbol  Bi.    Atomic  Wuoht  210. 

wy. — Tbs  frit  duttnct  mention  of  this  metal  ii  to  b«  found  in  tbe  but  tw- 
Buil  Tklgntin  (fifteenth  century),  but  it  is  very  uncertain  whether  the  t«rm 
te  than  applied  Co  this  metal,  hs  it  oci^rred  natnTsUy,  vhb  &1ki  at  on  earliei 
cd  in  thM  WnM  by  Arnold  VillanoTft,  Roijer  Bncon,  Albert  Magnu,  and 
merely  as  a  deaignation  of  any  kind  of  bright  miaerai.  HowSTer,  tnimnth 
l«dby  PatBcelm* among  thasemi-metnUi  Agricolamentionsditaa  biumutum 
bat  diwrwwu.  It  wu  confounded  wit^  antimony  by  Libuviua,  and  witli 
.  I^meiy,  and  it  was  not  nntil  the  year  ]  739  that  tbe  ipedfli:  charactera  of 
.  «an  m«d«  known  by  Pott,  and  afterwards  by  Bergman. 
T— IBB.  — ffiimnth  occurs  natnrally  in  the  metallic  state  asaociatsd  with 
TOT.  lead,  OQp,  nickel,  cobalt,  etc. ;  it  also  occurs,  combined  with  sulphur,  u 
glance  Si^;  with  laiurinm  as  tetrady  m  ite  Bi,Ts,;  the  sulphide 
la  combined  with  cuprous  sulphide  as  tannenite  Cu^.Bi^,  and 
tnite  aCn^Bi^:  with  cuprous  aalphide  aad  lead  sulphide  as  needle 
fb&K^  and  with  aicbel  mlphiile  in  several  minerals  ;  the  oxide  Bi,0, 
biamath  ochre,  a  silicate  as  bismath  blende,  and  the  carboDate  as 
lite.    The  principal  source  of  bismuth  is  the  natiTe  metal  that  ocean  in 

la. 

-Ssmnth  is  a  grey  coloured  metal  with  a  distinct  n»e  tint.  It  is 
la  and  nadily  crystal lisable,  and  is  probably  dimorphous,  crystallising  in 
nging  to  both  the  cubic  and  beiAgonal  natem.  Its  deositj  is  9'830  in  the 
,  and  greater  in  the  liquid  state  ;  ^Ui  beme  exposed  Co  gr«at  preMnre,  the 
biamuth  is  reduced  Co  9306.  Bismuth  mefta  at  about  26l>°,  and  ezpanda 
ing ;  at  a  higher  temperature  it  volatilises  and  bums  with  a  bluish-colonnd 
onder  ordinary  conditions  the  metal  is  not  readilj  oxidised  by  the  air.  It 
MphoDomanaof  diamagneliam  in  a  higher  degree  than  any  other  sabaCance, 
iiMlliin — Biimuth  is  obCainod  chiefly  tiom  tbe  ores  containing  it  in  a 
»ta,  and  the  method  by  which  it  is  extracted  consists  nmply  in  heating  the 
ntlj  to  melt  tbe  metal,  so  that  it  separates  from  the  earthy  subsCancea  and 
rith-wtiicb  it  is  asaodated.  This  procus  ii  termed  liquation.  Some- 
are  is  merely  mixed  with  a  little  charcoal  upon  a  layer  of  wood,  and  after 
'  to  Che  heap  at  the  top,  it  is  allowed  Co  bum  downwards ;  the  metal  is  then 
et  the  aab«  and  remalted,  and  cast  into  incots.  A  better  mode  of  con- 
il  iqnratioD  is  to  heat 
iron  tabes  fixed  in  a 
■itioD  in  a  hmace,  as 
fig.  883.  The  liqna- 
tfid)  are  about  8  or 


■  (i)  can  be  dosed 
^ifOD  covers,  and  to 
lods  (ft)  are  fixed  clay 
itM  with  small  apei^ 
thiough  wbich  the 
i  lans  into  the  pots 
!h  an  heated  1^  a 
at  (X)  smfSciently  to 

tmi^  ladled  ont  into 

a  or«  is  pnt  into  the  red-hot  tubes  at  the  higher  ends  (d\  and  after  about  half 

ISO  tha  nutal  has  run  off,  the  residue  is  raked  out  from  the  higher  endacf 
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the  tnbet  into  the  water  tank  beneath.  The  bismuth  thus  obtained  is  irapue, 

ing  arsenic,  sulphnr,  lead,  copper,  etc. ;  it  may  be  purified  by  melting  it  with  10  per 

cent,  of  nitre. 

The  extraction  of  bismuth  from  ores  of  cobalt  and  nickel  is  practised  in  thi*  way 
at  Schneeberg  in  Saxony,  and  the  residual  material  is  often  smelted  to  obtain  the  cobalt 
and  nickel  in  the  form  of  speise,  which  yields  a  further  quantity  of  bismuth  by  liqua- 
tion.   (See  Cobalt  and  Nickxl). 

Bismuth  is  also  extracted  by  melting  the  ore  with  soda,  lime,  and  fluor  spar  in 
crucibles.  When  the  ore  contains  bismuthous  sulphide  or  arsenical  compounda  of 
nickel  or  cobalt,  some  metallic  iron  is  added,  which  combines  with  the  sulphur  and 
arsenic,  preventing  the  formation  of  speise  containing  much  bismuth ;  by  this  means 
the  bismuth  is  separated  from  the  nickel  and  cobalt  which  are  obtained  as  speise, 
which  should  not  retain  more  than  2  per  cent,  of  bismuth. 

The  ores  from  which  nickel  and  cobalt  are  extracted  at  Joachimsthal  generally 
contain  some  bismuth,  and  it  may  be  advantageously  extracted  in  this  way  wbsn  it 
does  not  amount  to  more  than  2  per  cent.,  provided  the  ore  does  not  also  contain  lead, 
which  would  be  reduced  and  mixed  with  the  bismuth. 

Bismuth  is  obtained  also  to  some  extent  as  a  by-product  in  the  treatmant  of 
cobalt  ores. 

Compounds. — Bismuth  forms  three  series  of  compounds,  in  which  the  metal  is 
respectively  divalent,  as  in  the  dichloride  BiCl, ;  trivalent,  as  yi  bismuthous  oxide 
j^igO, ;  and  pentavslent,  as  in  bismuthic  oxide  Bi^O^.  The  compounds  in  whidi  the 
metal  is  trivalent  are  the  most  stable. 

Bismuthous  oxide  BijOg  is  formed  when  the  metal  is  heated  in  contact  with 
atmospheric  air,  or  it  may  be  obtained  by  heating  the  basic  nitrate  to  dull  redness. 
It  is  a  pale  yellow  pulverulent  substance  that  melts  at  a  full  red  heat  and  combines 
readily  with  silica.  It  dissolves  in  strong  acids,  forming  saline  compounds.  This 
oxide  occurs  naturally  as  bismuth  ochre. 

Bismuthous  hydrate  Bifig.Kfi  or  BiHO,  is  obtainedin  the  form  of  a  white 
precipitate  when  a  solution  of  a  bismuthous  salt  is  decomposed  by  an  alkali.  When 
heated  with  excess  of  potash,  the  hydrate  is  converted  into  bismuthous  oxide,  which 
presents  the  appearance  of  a  yellow  crystalline  powder. 

Bismuthic  oxide  Bi,0^  is  a  bright  red  pulverulent  substance,  obtained  by  pass- 
ing chlorine  into  a  concentrated  solution  of  potash  containing  bismuthous  hydrate  in 
suspension,  and  treating  the  red-coloured  product  thus  produced  with  dilute  nitric 
acid.  Bismuthic  oxide,  when  heated  above  100^,  loses  part  of  its  oxygen,  and  thus 
yields  a  substance  represented  by  the  formula  Bi^O^,  which  may  be  regarded  as  a  saline 
compound  of  bismuthic  oxide  with  bismuthous  oxide  Bi,0,  -f  Bi^O,  s  2Bi204.  Bis- 
muthic oxide  combines  with  other  basic  oxides,  forming  similar  compounds,  which  are 
called  bismuthates. 

Bismuth  forms  two  compounds  with  sulphur :  disulphide  BiS,  a  dull  black  powder 
obtained  in  a  hydrated  state  by  treating  and  mixing  alkaline  solutions  of  bismuthous 
oxide  and  stannous  oxide  with  sulphuretted  hydrogen.  The  trisulphide  Bi^  occuzs 
naturally  as  bismuth  glance;  it  may  beobtained  by  heating  a  mixture  of  powdered 
bismuth  with  one-third  its  weight  of  sulphur  until  it  melts.  This  substance  expands 
considerably  in  solidifying.  It  is  formed  also  as  a  brownish-black  precipitate  by  the 
action  of  sulphuretted  hydrogen  on  solutions  of  bismuthous  salts. 

Bismuthous  chloride  BiCl,  is  a  white  fusible  substance  which  may  be  ob* 
tained  by  heating  the  metal  in  an  atmosphere  of  chlorine  gas  ;  it  is  very  hygroeeopic 
and  combines  with  water,  forming  a  crystalli sable  hydrate,  but  is  decomposed  by  a 
larger  proportion  of  water,  forming  an  oxychloride  BiCl,.Bi,0,  or  BiClO  and  hydro- 
chloric acid  BiCl,  +  H,0  -  BiClO  +  2HCL 

The  same  substance  is  formed  by  mixing  solutions  of  bismuthous  nitrate  anil 
sodium  chloride.  Bismuthous  chloride  combines  with  the  alkaline  chlorides,  forming 
crystallisable  double  salts. 

Bismuth  dichloride  Bid,  is  a  brown  crystalline  substance  easilv  fusible  and 
decomposed  by  water ;  it  is  formed  by  heating  the  trichloride  with  metallic  bismuth. 
At  a  high  temperature  it  is  converted  into  trichloride  and  metallic  bismuth. 

The  bromide  BiBr,  is  a  steel  grey  substance  fusible  at  200^  and  resembling  Aised 
iodine. 

The  iodide  Bil,  is  a  grey  crystalline  vaporisable  substance ;  when  heated  in  con* 
tact  with  atmospheric  air,  it  forms  an  oxyiodide  BilO,  crystallising  in  copper-coloured 
rhombic  laminse. 

Bismuth  unites  readily  with  other  metals,  forming  alloys  which  are  more  easily 
fusible  than  bismuth  itself.  An  arsenide  cootaining  3  per  cent,  of  bismuth  occurs 
naturally.    Bismuth  unites  in  all  proportions  with  antimony,  forming  brittle  ^oys 


BISMUTH  NITRATE.  607 

whieh  expand  oonsideiably  in  solidifying.  With  tin  and  lead  it  fonns  an  alloy  known 
in  England  as  fusible  metal,  and  called  in  France  after  its  alleged  discoyerer, 
mitalfnsiblede  d'A  r  c  e  t.  In  preparing  fusible  metal  the  three  constituents  are  used 
in  Taiying  proportions  according  to  the  purpose  for  which  the  alloy  is  required. 
An  alloy  consisting  of  1  part  of  bismuth,  2  of  tin,  and  1  of  lead,  is  sometimes  used  as 
a  soft  solder  by  pewterers,  and  in  making  moulds  for  toilet  soaps.  An  alloy  of  6 
parts  of  bismuth,  2  of  tin,  and  3  of  lead,  melts  at  93^,  and  is  used  for  stereotype 
eUekig.  Another  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  melts  at  94^*6,  and 
the  alloy,  consisting  of  2  bismuth,  1  lead,  and  1  tin,  melts  at  94° :  all  of  these  are 
suitable  for  taking  casts  of  anatomical  preparations.  A  small  addition  of  mercury 
is  said  to  increase  the  fusibility.  Bismuth  and  lead  in  ec^ual  parts  form  a  brittle 
alloy  of  the  same  colour  as  bismuth,  and  having  a  density  (10709)  greater  than 
the  mean  of  its  constituents.  With  tin  bismuth  forms  an  alloy  more  elastic  and 
sonorous  than  tin  itself,  a  property  sometimes  utilised  by  pewterers.  About  4  per 
cent,  of  bismuth  gives  an  alloy  that  is  slightly  malleable,  but  with  a  larger  proportion 
of  binnuth  to  the  tin  the  alloy  is  brittle.  An  alloy  of  tin,  bismuth,  mckel,  and 
silver  is  said  to  prevent  iron  from  rusting. 

Uses- — Besides  its  use  alloyed  with  other  metals,  as  above  mentioned,  bismuth 
finds  empbyment  in  various  ways.  The  property  that  the  pure  metal  has  of  regular 
expansion  when  heated  is  utilised  in  the  adjustment  of  the  scale  of  high-ranged  ther* 
mometera.  The  oxide,  carbonate,  and  subnitrate  are  used  in  medicine,  The  sub- 
nitrate  is  known  as  pearl  powder,  and  is  used  as  a  flux  for  enamels,  as  a  vehicle 
far  the  colours  of  other  metallic  oxides,  and,  mixed  with  fifteen  times  its  weight  of 
gold,  in  gildinff  porcelain ;  it  is  also  ujed  as  a  cosmetic.  A  subchloride,  too,  is  used 
as  pearl  powder.  The  nitrate,  mixed  with  a  solution  of  tin  and  tartar,  has  been 
employed  as  a  mordant  in  calico  printing. 
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This  salt  is  obtained  by  dissolving  bismuth  in  hot  nitric  acid  and  evaporating  tlie 
solution  until  it  crystallises.  The  crystals  are  colourless,  very  deliquescent,  and  con- 
tain five  molecules  of  water.  The  salt  dissolves  in  dilute  nitric  acid,  but  is  decomposed 
by  water  and  converted  into  a  basic  salt  which  forms  a  white  precipitate,  and  was 
formerly  known  as  magistery  of  bismuth.  The  composition  of  this  predpitate 
appears  to  vary  according  to  the  extent  to  which  it  is  washed  with  water,  but  approxi- 
mates to  the  formula  Bi3N0,.Bi,0,dH,0. 
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Xlstory. — The  distinction  between  this  metal  and  copper  was  first  pointed  oat  in 
1754  by  Cronstedt,  who  showed  that  knpfernickel,  the  mineral  formerly  sapposed  to 
be  a  copper  ore»  and  to  which  the  name  nickel  was  derisively  applied  on  account  of  the 
fSEolure  of  all  attempts  to  obtain  copper  from  it,  was  in  reality  a  compound  of  a  pecu- 
liar  metal  differing  in  many  of  its  characters  from  copper. 

Oeomrenoe. — Nickel  occurs  most  abundantly  as  kupfernickel  (arsenide  ox 
nickel),  from  which  it  is  extracted,  as  also  from  speise,  a  material  which  is  pro- 
duced as  described,  during  the  manufacture  of  '  smalt'  Speise  may  be  said  to  be 
an  impure  arsenio-sulphide  of  nickel. 

Kupfernickel  is  of  a  pale  copper  colour,  and  is  found  in  masses  of  metallic  lustra ; 
it  is  Tery  brittle  and  has  a  specific  gravity  of  7*3— 7*5.  Its  formula  is  NiAs,  and  it  is 
composed  of  44  per  cent,  nickel  and  56  per  cent,  arsenic.  Although  it  is  principally 
obtained  from  the  mines  in  Saxony,  where  it  occurs  associated  with  the  ores  of  copper, 
silver  and  cobalt,  considerable  quantities  have  been  raised  in  Great  Britian,  pcurticu- 
larly  at  Pengelly  and  St.  Austell  Consols  mines  in  Cornwall,  and  at  the  Bathgate 
silver  mine  in  S(x>tLand, 

An  analysis  of  a  foreign  kupfernickel  made  by  Bammelsberg  shows  it  to  be 
nearly  identical  with  the  English  product  Arsenic  48*80  per  cent. ;  nickel  89'04  per 
cent. ;  cobalt  0'16  per  cent. ;  antimony  8'00  per  cent. ;  silica  2*00  per  cent. 

There  are  various  other  nickel-bearing  minerals,  but  none  of  them  have  any  im- 
portant commercial  value,  owing  to  their  scarcity.  Among  these  are  white  nickel 
(NiAsj)  which  is  found  at  Reichelsdorf  in  Hesse  Cassel  and  at  Schneeberg  in  Saxony. 
Nickelglance  (NiAsS;  is  found  in  Sweden,  in  the  Hartz,  and  some  parts  of  Austria ; 
it  contains  from  20  to  38  per  cent,  nickel.  Antimonial  nickel  (NiSb)  is  found  at 
Andreasberg  and  contains  about  20  per  cent,  nickel.  Mi  Her  i  te  (sidphide  of  nickel) 
occurs  in  Saxony,  Bohemia,  Cornwall  and  South  Wales  ;  it  contains  64  per  cent,  nickel. 
Nickel-linnseite,  or  siegenite,  a  mineral  containing  about  30  per  cent,  nickel, 
has  been  found  at  La  Motte  in  Missouri.  Zaratite,  a  hydrated  carbonate  of  nickel, 
also  occurs  there.  Fentlaudite  (FejNiS,)  is  obtained  from  South  Norway,  and 
contains  from  18  to  21  per  cent,  nickel. 

The  greatest  consumption  of  nickel,  as  of  cobalt,  is  in  England,  but  for  our  supplies 
we  are  almost  entirely  dependent  upon  Norway,  the  Netherlands,  and  Northern  Ger- 
many. 

Oliaraotem. — Nickel  is  remarkable  for  having  an  atomic  weight  apparently 
almost  identical  with  that  of  cobalt,  but  it  must  be  admitted  that  there  exists  some 
small  doubt  about  the  correctness  of  the  determinations. 

Rathoff  determined  the  atomic  weight  as  59*08 ;  Dumas  by  the  same  plan 
arrived  at  59*02  ;  Russell  by  another  method  found  58*738  ;  Winkler  also  by  a  dis- 
tinct process  found  59  06  ;  K.  H.  Lee  by  a  study  of  some  organic  salts  has  determined 
the  atomic  weight  of  nickel  at  58*00. 

Nickel  is  a  bright  silver-white,  hard  but  ductile  metal,  slightly  more  fusible  than 
iron,  which,  according  to  Deville,  it  surpasses  in  tenacity.  Like  cobalt,  it  is  associated 
with  iron  in  meteorites,  and  also  admits  of  magnetisation,  ])ut  it  loses  this  property  at 
a  temperature  of  330°  C.  When  containing  carbon,  the  metal  is  more  fusible  than 
otherwise.  The  metal  has  a  sp.  gr.  of  8*270,  but  by  forging  this  may  be  raised  to 
8*666. 

Nickel  oxidises  in  a  current  of  air  at  a  high  temperature,  and  if  previously  heated 
will  burn  in  oxygen  like  iron  ;  the  pulverulent  metal  which  results  from  the  reduction 
by  hydrogen  of  oxide  of  nickel  is,  like  cobalt  when  similarly  obtained,  of  a  pyrophorie 
nature. 

When  suspended  in  water  it  is  readily  attacked  by  chlorine  and  bromine,  and  it  is 
also  easily  dissolved  by  nitric  acid  01  aqua  regia,  but  is  less  soluble  in  dilute  acidt. 
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The  oxide  of  nickel,  when  strongly  heated  with  charcoal,  gives  a  fosible  carbide  of 
the  metal. 

Preparatton. — The  principal  works  in  this  country  for  the  extraction  of  nickel 
are  situated  near  Binningham,  bnt  endeavours  are  made  to  maintain  the  utmost 
lecresy  as  regards  the  various  processes  employed.  According  to  Louyet  the  method 
is  somewhat  as  follows : 

The  speise  or  native  ore,  or  a  mixture  of  both,  is  fluxed  with  chalk  and  fluorspar 
in  a  reverberatory  furnace ;  the  slags  are  thrown  away,  and  the  resulting  matt  is 
reduced  to  powder  and  roasted  for  twelve  hours  to  free  it  from  arsenic 

The  product  is  next  dissolved  in  hydrochloric  acid,  and  the  solution,  after  separa- 
tion from  what  little  remains  insoluble,  is  diluted  with  water ;  a  little  bleaching  powder 
is  added  to  peroxidise  the  iron,  and  the  iron  and  arsenic  are  precipitated  by  neutralisa- 
tion with  milk  of  lime  and  boiling.  The  clear  liquor  and  washings  of  the  precipitate 
retain  all  the  cobalt  and  nickel  in  solution,  together  with  copper,  bismuth,  and  lead. 
ThMe  last  three  substances  are  precipitated  by  means  of  sulphuretted  hydrogen,  and 
the  supernatant  liquors  boiled  afterwards  to  expel  the  excess  of  the  gas.  After  this  they 
are  again  neutralised  by  milk  of  lime  and  more  bleaching  powder  added.  Sesqui- 
oxide  of  cobalt  is  thus  obtained,  which  is  washed  and  ignited,  and  is  then  ready  for  the 
market,  while  the  nickel  still  remains  behind  in  the  mother  liquors,  and  is  obtained 
therefrom  as  hydrated  protoxide  by  adding  excess  of  milk  of  lime. 

From  the  oxide  the  metal  is  frequently  obtained  by  a  process  of  cementation.  A 
number  of  cylinders  made  of  clay  are  set  vertically  in  a  furnace,  so  that  the  flame 
may  play  on  all  sides  of  them.  These  cylinders  are  open  at  the  top,  and  terminate  in 
trun^ted  cones  which  project  beneath  the  fire  bars. 

Oxide  of  nickel,  either  in  lumps  or  in  small  cubes,  and  intimately  mixed  with 
charcoal,  is  introduced  at  the  top,  and  on  the  applie^ition  of  a  strong  heat  the  metal 
is  reduced,  but  retains  the  form  of  the  oxide,  and  is  withdrawn  through  orifices  in  the 
bottoms  of  the  cylinders.  As  the  nickel  is  withdrawn  from  below  fresh  charges  of 
oxide  and  charcoal  are  introduced  at  the  top,  and  so  the  cylinders  are  worked  on  the 
principle  of  lime  kilns,  the  process  being  therefore  in  a  sense  continuous. 

Sometimes  the  wet  hydrated  oxide  of  nickel  is  worked  into  a  paste  with  a  small 
quanti^  of  flour  and  syrup,  giving  a  mass  of  a  dough-like  consistency,  which  may 
then  be  cut  up  into  cubes  about  i  of  an  inch  square,  and  reduced  by  intense  ignition 
either  in  crucibles  or  in  tubes,  where  they  are  surrounded  by  charcoal  dust. 

There  are  various  methods  of  obtaining  the  metal  in  a  pure  state  on  the  small 
scale,  but  as  they  are  nearly  all  based  upon  the  same  principles  the  description  of  one 
will  serve  to  illustrate  all. 

The  roasted  ore  is  dissolved  in  aqua  regia  containing  an  excess  of  nitric  acid,  so  as 
to  get  the  iron  in  a  ferric  state ;  excess  of  ammonia  is  then  added ;  the  ferric  oxide  is 
separated  by  flltration,  and  caustic  potash  is  added  to  the  blue  liquid  until  the  colour 
bu  nearly  disappeared.  In  this  way  a  pale  green  precipitate  consisting  of  hydrated 
nickel  oxide  and  potash  is  obtained.  On  washing  with  hot  water  the  potash  is  re- 
moved, and  the  residual  precipitate  after  drying  gives,  by  reduction  at  a  high 
temperature  in  a  stream  of  hydrogen,  metallic  nickel  of  a  pyrophoric  nature.  On 
heating  in  contact  with  charcoal  at  a  forge  a  well-fused  button  of  carbide  of  nickel 
is  obtained. 

Nickel  oxalate  also  gives  the  metal  on  decomposition  by  heat,  and  it  may  likewise 
be  obtained  in  laminae  by  the  electrolysis  of  a  solution  of  ammonio-nickel  sulphate 
NiS04(NH4y304,  6H,0.  This  method  is  now  often  employed  where  it  is  desired  to 
dsposit  nidcel  in  dense  layers  capable  of  receiving  a  good  polish. 

Uses. — As  nickel  is  now  so  largely  used  for  coating  surfaces  of  wrought  or  cast 
iron,  steel,  copper,  brass,  zinc,  etc.,  it  is  of  interest  to  note  the  following  process 
which,  according  to  F.  Stolba,  is  very  effectual. 

A  mixture  is  made  of  one  part  of  concentrated  solution  of  zinc  chloride  and  two  of 
water,  and  raised  to  the  boiling  point,  any  turbidity  that  may  exist  l)eing  corrected  by 
the  careful  addition  of  hydrochloric  acid.  The  objects  to  be  nickol-plated  are  now 
cleansed  and  immersed  in  the  zinc  solution,  and  on  adding  to  the  latter  a  little  pow- 
dered zinc  they  become  lightly  coated  with  it,  and  to  this  the  nickel  will  attach  itself. 
Nickel  sulphate,  or  the  double  salt  of  pot^ipsium  and  nickel,  is  now  added,  either 
in  the  dry  state  or  as  a  solution,  until  the  boiling  mixture  exhibits  a  greer.  colour, 
when  a  few  zinc  cuttings  are  added  and  the  boiling  continue  I.  Provided  that  the 
liquor  remains  clear,  a  closely  adhering  yellowish  nickel  deposit  occurs,  shining  or 
dull,  according  as  the  surface  on  which  it  is  deposited  be  polished  or  rough. 

The  chief  use  of  nickel  in  the  arts  is  for  the  preparation  of  the  white  alloy  known 
as  German  silver,  more  than  600  tons  of  which  are  produced  annually  with  a  largely 
inereaaed  demand. 


610 


NICKEL. 


C^mpoimds* — Nickel  fonns  two  oxides ;  a  protoxide  NiO  and  Beequioxide  NisO, ; 
the  latter  does  not  form  salts. 

The  oxideisofan  ash  grey  colour  and  may  be  obtained  from  nickel  salts,  as  the 
sulphate  or  chloride,  by  precipitation  with  an  idkali. 

The  sesqnioxide,  whidi  is  black,  may  be  obtained  by  gentle  ignition  of  the 
nitrate,  or  by  treating  the  hydrated  protoxide  with  a  solution  of  sodic  hypochlorite, 
when  it  is  predpitat^  as  a  hydrate  NijH^O,.  On  strong  ignition  it  loses  part  of  its 
oxygen,  ana  on  heating  it  with  acid  it  forms  proto-salts. 

Nickelons  chloride  NiCl  is  obtained  by  dissolving  the  oxide  in  hydrochloric 
acid ;  the  resulting  solution,  on  evaporation,  yields  crystals  of  a  green  hydrated  cha- 
racter, containing  0H,O. 

Li  the  anhydrous  state  (obtained  on  heating)  it  forms  a  yellowish-biown  mass 
which  volatilises  at  higher  temperatures  in  crystalline  scales  that  are  but  slowly 
soluble  in  water.  ^ 

When  heated  in  a  current  of  air  some  oxide  is  found.  Three  solphides  of  nickel 
are  known,  of  the  formuls  Ni^,  NiS,  and  NiS,. 

The  ]protosulphide  (NiJS^  occurs,  as  we  *have  already  seep,  in  a  native  state 
(millerite)  in  grey  or  yellowish  crystals  soluble  in  nitric  acid.  These  may  be 
artificially  produced  by  fiising  sulphur  with  nickeL  When  a  salt  of  nickel  in  solution 
is  precipitated  by  amnionic  hydric  sulphide,  a  black  hydrate  of  this  sulphide  is  pro- 
duced. 

The  subsulphide  (Ni^)  is  yielded  by  heating  nickel  sulphate  in  contact  with 
charcoal  or  hydrogen. 

l^e  disulphide  (NiS,)  is  obtained  as  a  steel  grey  powder,  when  a  mixture  of 
carbonate  of  nickel,  potassic  carbonate  and  sulphur  is  heated  to  redness  and  treated 
with  water. 

Several  double  sulphates  of  nickel  and  other  metals  are  known,  the  most  important 
of  which  is  the  compound  potassic  salt  NiS04,E^04,6H20,  which  may  be  obtained 
in  a  crystallised  form.  Nitrate  of  nickel  Ni2N0y  6H,0  crystallises  in  emerald  green 
prisms  which  are  readily  soluble  in  water ;  the  solution  on  heating  yields  a  basic 
salt 

Several  carbonates  are  known,  all  of  which  have  a  green  colour.  On  pouring  the 
nitrate  of  nickel  into  an  excess  of  solution  of  sodic  bicarbonate,  the  normal  carbo- 
nate of  nickel  is  thrown  down  as  a  crystalline  powder. 

All  salts  of  nickel  ^ve  in  the  oxidising  flame  of  the  blowpipe,  with  borax,  a 
reddish-yellow  glass  which  pales  as  it  cools. 

Various  alloys  of  nickel  are  known.  Argentane,  or  German  silver,  consists 
ordinarily  of  8  parts  of  copper,  2  of  nickel,  and  3  of  zinc,  but  owing  to  its  yellow  tint 
itis  not  employed  for  the  better  purposes.  White  argentane  or  plate  haa  one  part 
more  nickel  than  German  silver,  and  is  a  very  fine  ^oy.  Electrum  has  yet  one 
more  part  nickel  than  argentane  plate  and  resists  oxidation  almost  perfectly. 

If  the  proportion  of  nickel  be  increased  much  beyond  that  in  which  it  exists  in 
electrum,  the  alloy  is  hard  and  difficult  to  work. 

Packfong  is  also  a  compound  of  zinc,  nickel,  and  copper,  in  which  the  propor- 
tions of  the  constituent  metals  may  vary  considerably.  According  to  Miller,  a  good 
alloy  is  obtained  by  using  61  parts  of  copper,  30'6  of  zinc  and  18*4  of  nickel. 

Futenangis  the  Chinese  name  for  a  similar  alloy,  composed  of  8  parts  of  copper, 
6}  of  zinc,  and  9  of  nickel.  In  consideration  of  the  increased  price  of  nickel  experienced 
during  the  last  few  years,  it  is  reasonable  to  expect  that  before  long  processes  will 
be  devised  for  extracting  the  3  or  4  per  cent,  of  nickel  contained  in  the  nickeliferons 
pyrites  that  occur  in  Italy  and  elsewhere.  These  pyrites  mi^ht  first  of  all  be  em- 
ployed in  the  manufacture  of  sulphuric  acid  and  tnen  submitted  to  processes  for 
extracting  nickel,  just  as  now  the  silver  is  extracted  from  the  burnt  residuum. 

The  following  analyses  of  various  alloys  are  by  A.  Bopler : — 


Copper                . 
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FoBMULA  NiO.    Molbcuulb  Wkioht  76. 

This  rabstance  has  a  specific  gravity  of  5*75,  and  is  obtained  in  the  anhydroas 
form  by  ignition  of  the  nitrate  or  carbonate  in  a  covered  crucible.  As  precipitated 
from  its  salts  by  alkalies  it  is  a  light  green  bulky  hydrate  (NiH^O,?)  and  may  be 
obtained  in  a  crystalline  fbrm  by  decomposing  the  eolation  of  nickel  carbonate  in 
ammonia  by  ebullition. 

This  oxide  of  nickel  has  a  corions  power  of  combination  with  potash  or  soda, 
Yielding  insolnble  compounds  which  require  very  great  and  continned  washing  with 
hot  water  to  entirely  decompose  them.  The  potash  or  soda  may  be  replaced  by 
otittr  bases,  as  baryta^  stzontia,  etc 


FOBMULA  NiS04.     MOLBCULIB  WnoHT  166. 

lliis  salt  crystallises  in  rhombic  prisms  of  a  green  colour,  containing  seven 
■Qlecnles  of  water,  and  requiring  three  parts  of  cold  water  for  solution ;  it  is  in- 
fthble  in  aloohoL  It  mav  be  obtained  by  dissolving  the  metal,  or  its  oxide  or  car- 
ksste,  in  sulphuric  acid.  By  crystallisation  at  a  temperature  of  16^ — 26^  G. 
MCdiedca  are  obtained  containing  only  6H,0  (sp.  gr.   »  2*087). 


COBALT. 

Stkbol  Co.    Atomic  Wbioht  59*8. 

. — The  elemental  character  of  cobalt  was  originally  recognised  by  Brandt, 
in  1733,  although  it  had  been  known  for  some  considerable  time  previoiu  that  the 
mineral  named  kobalt  was  capable  of  imparting  a  blue  tint  to  glass. 

This  mineral  was  well  known  to  the  Bohemian  and  Saxon  miners  of  the  fourteenth 
century,  but  at  that  time  was  without  use. 

Brandt  first  detected  the  metal  in  certain  ores  of  a  bismuthic  character,  and  since 
his  inyestigation  other  chemists  have  studied  this  metal  and  its  compounds ;  among 
them  Bergman,  Tassaert,  Thenard,  and  Proust. 

Oeouirenee. — Excepting  traces  of  the  metal  which  occur  in  meteoric  iroa,  cobalt 
is  not  found  in  the  native  state.  It  occurs  in  nature  usually  in  association  with  ar- 
senic as  spei8-cobalt(CoAs2)  and  occasionally  with  arsem'c  and  sulphur  as  cobalt 
glance  (CoSAs).  Its  ores  are  as  a  rule  very  complicated,  and  contain  ^nickel,  iron, 
bismuth,  copper,  and  sometimes  manganese. 

Smalt  i  ne  (arsenical  cobalt  or  tin-white  cobalt)  occurs  largely  at  Schneebeig  in 
Saxony,  at  Joachimsthal  in  Bohemia,  and  at  Wittichen,  Siegen,  Saalfeld,  and  at  Ifons- 
feld.  It  is  also  found  in  various  parts  of  Cornwall.  This  mineral  contains  from  20  to 
23  per  cent,  of  cobalt,  but  some  of  this  is  replaced  in  some  samples  by  vaiying  quantities 
of  iron,  nickel,  and  copper. 

It  is,  however,  from  cobalt  glance  or  cobaitine  that  most  of  the  cobalt  preparations 
are  made.  It  is  found  largely  in  Sweden  and  Norway,  sometimes  occurring  in  veir 
definite  crystals  of  the  cubic  system.  From  its  yellowish-white  colour  tinged  with 
red  this  mineral  is  sometimes  known  as  bright  white  cobalt;  it  contains  from  38 
to  44  per  cent,  cobalt,  43  to  55  per  cent,  arsenic,  ^  to  20  per  cent,  sulphur,  together 
with  a  vaiying  percentage  of  iron.  The  black  oxide  has  been  met  with  in  the  Western 
States  of  America  associated  with  the  sulphide  and  other  oxides.  Cobalt  also  occurs 
as  ervthrite  or  cobalt  bloom  Co, Vs-^OgtSH^O,  often  found  side  by  side  with 
cobaitine.  Pyrolusite  and  mispickel  sometimes  contain  as  much  as  5  per  cent  cobalt, 
and  it  also  enters  into  the  composition  ofskutterudite  (Co, As,). 

The  ores  of  cobalt  are  found  chiefly  in  the  primitive  rooks,  either  as  imbedded 
crystals  or  finely  dispersed,  and  from  this  fact  and  the  varying  nature  of  the  other 
associated  matters  the  value  of  the  ores  varies  extremely. 

Cniaraoters.— Cobalt  is  nearly  as  infusible  as  iron,  and  cannot  be  reduced  from 
its  oxides  by  carbon  without  assimilating  some  of  the  latter  into  its  constitution,  thus 
giving  a  product  not  unlike  cast  iron.  The  metal  has  a  dull  <grey  colour  shaded  by 
red.  Its  specific  gravity  is,  according  to  Berzelius,  8*513;  but  Ijampadius  has 
assigned  to  it  the  specific  gravity  8*7  and  Turner  7*834.  It  possesses  a  specific  heat 
0*10696  (Regnault).  The  purest  metal  is  obtained  by  ignition  of  the  oxalate  (CoC,0,), 
when  carbonic  anhydride  is  evolved ;  thus  CoCjO^  -=  Co  +  2CO2.  The  metal  may 
also  be  obtained  from  its  oxide  by  reduction  with  hydrogen  ;  but  as  obtained  in  this 
manner  it  takes  fire  on  exposure  to  the  air,  producing  cobaltoso-cobaltic  oxide.  Like 
iron,  it  is  attracted  by  the  magnet,  but  loses  this  property  by  gentle  heating.  When 
the  metal  is  heated  to  redness  it  absorbs  oxygen,  forming  first  of  all  a  blue  oxide^ 
which,  if  time  be  allowed,  peroxidises  into  black  CojO,  or  COjO^  according  to  the 
temperature  employed.  The  mineral  acids  dissolve  it  slowly,  even  when  aided  by 
heat,  hydrogen  being  evolved,  and  the  respective  salts  resulting.  These  latter  impart 
to  their  solutions  a  fine  rod  colour. 

Vreparatton. — As  cobalt  is  never  used  in  the  arts,  its  metallurgy  is  confined  to 
laboratory  processes  which  all  stJirt  with  the  oxide  obtained  as  hereafter  to  be  de- 
scribed. The  oxide  is  dissolved  in  nitric  acid,  the  resulting  solution  is  then  neutralised, 
and  nitrite  o''  potassium  added,  when  a  yellow  precipitate  is  formed.  This  is  washed, 
dissolved  in  aci.l,  and  the  cubalt  precipitated  either  as  oxide  by  means  of  an  alkali,  or 
as  oxalate  by  ammonic  oxalate.   In  either  case  the  product  is  dried,  mixed  with  oil,  and 
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itronglT  heated  in  a  irell-lnt«d  charcoal-lined  cracible,  when  a  button  of  the  carbide 
of  oobfllt  is  obtaiiied. 

I  T6  obtain  chemicallj  pore  cobalt,  it  is  best  to  employ  prnpnreo-cobaltic  chloride 
(a  compound  ammonium  salt),  which  on  ignition  gives  cobaltic  chloride,  a  substance 
•dmitting  of  easy  reduction  bj  hydrogen  at  a  red  heat 

Vaes. — Although  metallic  cobalt  is  not  used  in  the  arts,  a  blue  pigment  containing 
it  and  known  as  smalt  is  largely  consumed,  and  is  prepared  by  fusing  properly 
prepared  cobalt  ore  with  certain  materials  to  form  a  suitable  glass. 

Manti^actwn  of  Smalt, — ^The  arsenical  cobalt  ores  which  are  mainly  used  in  pre- 
paring smalt  first  undergo  a  process  of  sorting,  powdering,  and  washing.  If  bismuth 
be  ^Hresent,  it  has  to  be  removed  before  the  stamping  operation  by  a  process  of  liquation 
in  iron  tubes.  The  ores  are  next  roasted  in  a  current  of  air,  the  object  being  to 
oxidise  the  cobalt,  whilst  the  nickel,  copper,  and  iron  remain  in  combination  with  arsenic 
and  sulphur.  Some  of  the  arsenic  is  converted  in  this  way  into  arsenious  acid,  and 
proper  arrangements  are  made  for  condensing  this  substance  in  a  chamber  known  as 
the  poison  gallery.  This  roasting  process  is  not  carried  to  perfection,  otherwise  all 
the  metals  would  be  oxidised,  and  by  entering  into  the  composition  of  the  smalt 
would  impair  the  colour,  and  thus  exercise  a  depreciative  influence  on  its  value. 

From  4  to  6  parts  of  the  roasted  product  or  schlich,  as  it  is  called,  are  next 
mixed  with  10  parts  of  ground  calcincKl  quartz  and  4  parts  of  potassic  carbonate, 
together  with  white  arsenic  as  obtained  in  the  poison  ^leries  above  alluded  to. 
TUs  mixture  is  then  submitted  to  fusion  in  pots  arranged  m  a  furnace  like  that  in  an 
ordinary  glass-making  factory.  The  pots  are  a  little  conical,  being  about  18  inches  in 
diameter  at  the  top,  and  14  at  the  bottom,  with  a  thickness  of  2  inches.  Each  pot 
holds  about  84  lbs.  of  the  mixture  and  its  normal  period  of  duration  is  about  seven  or 
aig^t  months.  In  this  fusion  operation  the  oxide  of  cobalt  combines  with  the  fused 
potassic  silicate,  forming  a  deep  blue  glass,  while  the  mixed  metallic  arsenides  and 
sulphides  fuse  aud  collect  at  the  bottom  of  the  pots,  forming  when  cold  a  brittle  mass 
of  metallic  appearance  and  termed  speise.  It  is  cast  into  ingots,  and  is  used  in  the 
manu&etnre  of  nickel.  The  blue  ^lass  is  from  time  to  time  ladled  out  and  poured  into 
cold  water,  by  which  operation  it  is  reduced  to  innumerable  fragments,  and  these  are 
afterwards  powdered  and  then  ground  between  granite  stones  so  constructed  that  the 
grinding  takes  place  under  water,  which  carries  off  with  it  the  smalt  thus  obtained  in 
a  finely  dirided  state.  The  washings  so  obtained  are  made  to  pass  through  a  number  of 
tanks  arranged  so  that  the  liquor  overflows  from  one  to  the  other  successively,  and  in 
this  way  a  number  of  deposits  are  obtained,  of  which  the  earlier  ones  are  the  coarsest 
in  grain,  and  the  later  ones  the  finest  in  division.  The  greater  the  degree  of  sub- 
division, the  less  intense  is  the  colour. 

After  diring,  the  azure  is  broken  up  by  mallets,  and  is  then  reduced  again  to  fine 
powder  by  nlling  from  a  hopper  upon  two  wooden  cylinders  turning  horizontally.  In 
the  next  stage  of  its  manufacture  it  is  further  dried  upon  shelves  at  a  temperature  of 
about  lOHi®  to  112°  F.,  after  which  it  is  returned  to  the  braying  machine.  Finally 
it  is  sifted  and  packed.  The  yield  of  marketable  blue  as  produced  from  the  blue  glass 
is  about  8  tons  of  azure  for  6  tons  of  glass.  The  two  following  analyses  of  smalt  are 
by  Ludwig : — 
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Smalt  is  chiefly  manufactured  in  Saxony,  but  it  is  also  made  in  Norway,  Silesia, 
and  Hesse.  The  furnaces  emploved  are  built  universally  upon  the  same  principles, 
but  in  certain  details  there  is  a  difference  according  as  the  fuel  employed  is  wood  or 
eoal,  etc. 

Smalt  is  employed  in  fresco-painting,  and  in  the  manufacture  of  porcelain  pottery, 
stained  glass,  etc. 

The  paper  manufacturers  used  it  for  a  purpose  similar  to  that  which  leads 
to  its  use  in  washing — namely,  to  correct  the  yellow  colour  which  often  exists  in 
i&imal-sized  papers.    The  important  feature  regarding  smalt  is  that  only  those 
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reagentB  which  attack  glass  have  any  action  upon  it ;  hence  it  constitntes  a  OKire 
stable  colour  than  most  bines. 

Zaff re  of  commerce  is  a  yeiy  crude  oxide  of  cobalt,  prepared  by  roartiiig  cobal^ 
ore  and  mixing  the  product  with  seyeral  times  its  weight  of  silioions  sand. 

Thenard's  blue  is  another  valuable  pigment  containing  cobalt  in  the  state  of 
oxide,  and  it  may  be  said  to  consist  of  alumina  coloured  by  oxide  or  phosphate  of 
cobalt  There  are  several  modes  of  preparation,  the  most  approved  of  which  is  as 
follows : — Cobaltous  nitrate  is  precipitated  by  hydric  disodic  phosphate  and  the  pre- 
cipitate 80  obtained  is  mixed  whilst  moist  with  hydrated  alumina  piiodnced  by  adding 
carbonate  of  soda  to  a  solution  of  alum  free  from  iron.  The  moisture  is  dried  and  ig- 
nited in  a  well-covered  crucible,  but  notwithstanding  this  care,  the  gases  prodooed  by 
the  fuel  exercise  an  injurious  influence  on  the  colour,  to  correct  which  a  little  oxide  oif 
mercury  is  usually  added  to  the  mass,  so  that  it  is  constantly  in  contact  with  an  oxi- 
dising atmosphere,  by  reason  of  the  oxygen  thus  generated.  The  mercury  which  is 
formed  simultaneously  volatilises  and  so  does  no  harm. 

In  another  process  a  mixed  solution  of  cobalt  sulphate  and  ammonia  alum  is  evar 
porated  to  drjmess,  and  the  residue  subjected  to  intense  ignition  in  a  furnace. 

Cseruleumis  the  name  of  a  blue  pigment  made  by  Messrs.  Bowney  and  Gk>.  It 
has  the  following  composition :  binoxide  of  tin,  49*66  per  cent ;  oxide  of  cobalt,  18'66 
per  cent ;  silica  and  bme  sulphate,  81*68  per  cent. 

This  pigment  like  Thenard's  blue  is  used  both  as  an  oil  and  water  colour. 

Kinman's  green  consists  of  oxide  of  zinc  coloured  with  oxide  of  cobalt^  and  u 
prepared  by  precipitating  a  mixture  of  zinc  sulphate  and  cobalt  sulphate  with  aodie 
carbonate  and  igniting  the  precipitate  after  due  washing.  Or  it  mi^  be  made  from 
the  two  nitrates,  or  from  nitrate  of  cobalt  and  oxide  of  zmc  mixed,  by  simple  evapora- 
tion and  ignition. 

Printer's  blue  is  used  for  printing  patterns  on  china,  and  is  made  hj  fritting 
silicate  of  cobalt  with  nitre,  after  the  addition  of  a  little  basic  sulphate.  To  use  it, 
it  must  be  mixed  with  oil,  printed  on  paper  and  transferred  to  the  biscuit  ware ;  it  is 
during  the  process  of  glazing  that  the  colour  is  developed. 

Other  colours  are  prepared  from  cobalt,  but  they  do  not  call  for  special  mention. 

Oomponnda. — Cobalt  is  divalent,  and  forms  two  classes  of  salts  carreeponding 
to  the  two  classes  of  iron  salts,  ferrous  and  ferric. 

The  cobaltous  salts  are  the  more  stable,  the  more  numerous,  and  the  most 
important.  They  all  are  red  in  a  state  of  solution,  but  are  blue  when  anhydrous,  and 
all  are  decomposed  at  a  moderate  red  heat,  with  the  exception  of  the  sulphate. 

The  similarity  between  the  oxides  and  salts  of  cobalt  and  those  of  iron  is  seen 
from  the  following  formulae :  — 


Cobaltous  oxide  .  CoO 

Ferrous       „  .  FeO 

Cobaltous  chloride  .  CoCl, 

„         nitrate  .  Co2NO, 

sulphate  .  CoSO| 


)> 


Cobaltic  oxide      .  COfO, 

Ferric        „  .  Fei,0, 

Cobaltic  chloride  .  Oo,Cl« 
„       citrate  GouSl^O, 

I  „        sulphate .  Co^SSOf 


The  salts  derived  from  cobaltous  oxide  may  be  prepared  by  disolving  the  oxide  in 
the  respective  acids. 

The  chloride  is  also  prepared  by  passing  chloriue  over  metillic  cobalt;  at  a  high 
temperature  it  volatilises.  It  may  be  obtained  by  crystallisation  in  a  ruby  red  form 
containing  6HoO,  and  its  aqueous  solution,  when  mixed  with  excess  of  hydrochloric 
acid,  gives  a  blue  solution,  becoming  pink  on  dilution.  This  solution  in  a  dilute  state 
may  be  used  as  a  sympathetic  ink ;  the  characters  formed  by  writing  it  are  invisible 
when  cold,  but  become  blue  on  warming,  owing  probably  to  the  production  of  the 
anhydrous  salt,  because  the  colour  gradually  disappears  again  when  the  paper 
is  exposed  to  hygroscopic  moisture.  The  colour  can.  moreover,  be  modified  at 
desire ;  the  addition  of  a  small  amount  of  an  iron  or  nickel  salt  gives  the  writing  a 
green  colour ;  a  salt  of  zinc  produces  in  like  manner  a  red  colour,  and  one  of  copper 
gives  a  yellow  tint. 

Three  sulphides  of  cobalt  are  known — viz.  protosulphide  CoS ;  sesquiaolphideCo^,: 
and  a  disulphide  CoS,.  The  first  of  these  is  the  most  important,  and  ia  obtained  in 
a  hydrated  condition  by  precipitating  cobaltous  acetate  with  sulphuretted  hydrogen. 
Cobaltous  sulphide  quickly  oxidises  and  passes  into  sulphate. 

There  are  known  also  a  number  of  anmioniacal  compounds  of  cobalt  of  scientific 
interest  only. 

All  compounds  of  cobalt  are  easily  recognisable  by  reason  of  the  intense  blue 
colour  which  they  impart  to  a  bead  of  oorax  before  the  blow-pipe. 

The  alloys  of  cobalt  are  unimportant.    The  metal  unites  by  fusion  with  antimony 
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and  aneniCy  and  the  formation  of  the  alloy  is  attended  by  incandescence ;  the  resulting 
alloys  haye  an  iron  grey  colour  and  are  very  brittle. 
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In  order  to  prepare  oxide  of  cobalt  from  the  speise  or  matt  which  forms  in  the 
roasting  of  arsenioil  ores  of  cobalt^  it  is  diseolyed  in  strong  hydrochloric  acid,  and 
iron  and  arsenic  are  precipitated  by  the  addition  of  milk  of  lime.  The  supernatant 
liqnon  are  run  off  after  settling,  and  submitted  to  a  current  of  sulphuretted  hydrogen 
so  long  as  metallic  sulphides  are  formed.  The  dear  liquor  resultmg  after  settling  is 
again  diMro  o^  ani  now  on  adding  a  solution  of  bleaching  powder,  cobaltous  oxide 
is  pndpitated  in  a  bydrated  condition,  and  the  product,  on  being  heated  to  redness, 
giyas  the  blue  oxide  of  commerce;  when  heated  further  to  whiteness,  there  is 
obtained  the  prepared  oxide  of  commerce. 

The  mannfactiire  of  these  oxides  is  carried  on  by  the  nickel  refiners  at  Birmingham ; 
the  prodncts  are  used  in  the  potteries  and  by  glass  makers  and  enamellers,  either 
alone  or  with  various  fluxes,  for  giving  a  blue  colour  to  their  wares. 

Pore  protoxide  of  cobalt  when  dried  at  a  low  temperature  is  greenish  grey,  and 
on  ignition  to  dull  redness  in  a  curreut  of  air  it  gives  an  oxide  Cofi^,  corresponding 
to  the  magnetic  oxide  of  iron  Fe,04. 


OOBA&TZO  OZZBB. 

FoBXiTLA  Oofif,    Molecular  Wkioht  166. 

This  substance  may  be  prepared  in  several  ways,  one  of  the  best  methods  b^ing  as 
follows.  The  hvdrated  protoxide  of  cobalt  is  suspended  in  water  and  submitted  to 
a  current  of  chlorine  ;  in  this  way  cobaltous  chloride  is  formed  and  dissolved,  whilst 
black  bydrated  cobaltic  oxide  is  precipitated;  thus : — 

SOoHjO,  +  CI,  «  OojHgO,  +  CoCl,. 

If,  in  this  reaction,  an  alkaline  solution  be  substituted  for  the  water,  then  all  the 
cobalt  is  obtained  as  peroxide. 

A  gentle  heat  renders  this  oxide  anhydrous ;  at  higher  temperatures  it  is  converted 
into  a  black  oxide  Co,04.  This  cobaltoso-cobaltic  oxide,  as  it  is  called,  corresponds  to 
the  compounds  termed  manganites  which  are  obtained  by  blowing  air  through  protoxide 
of  mauganese  held  in  suspension,  in  the  presence  of  lime.  In  this  way,  in  fact,  in 
Weldon  s  process  of  manganese  regeneration,  there  is  obtained,  among  other  bodies, 
one  whose  presumable  formula  is  MnO,  MnO^ — that  is,  amanganite  of  manganese,  in 
which  the  protoxide  seeyif  to  exist  as  a  basic  radicle  and  towards  which  the  per- 
oxide acts  as  a  combining  acid  radicle. 

Oobaltoeo-cobaltic  oxide  CoO,  Co,0„  would  appear  to  be  a  similar  substance,  and 
may  be  obtained  in  steel-grey  octaheara  by  boiling  a  solution  of  roseo-cobaltic  chloride. 
This  last  named  substance  is  one  of  the  ammonium  combinations  of  cobalt  previously 
referred  to,  and  has  the  composition  (Co^Cl^.  1 ONH,,  llgO).  Cobaltic  oxide  00,0,  has 
feeble  basic  powers ;  in  its  bydrated  form  it  is  soluble  in  cold  acids,  but  tho  salts  fo 
produced  become  quickly  reduced  into  those  of  the  protoxide,  even  at  normal  tem- 
peratures ;  the  acetate  is  the  most  stable  salt. 


COBAZiTOVS  WZTBATB. 

FoRMT7rjk  Co2NO,.    Molbculab  Weiqut  183*8. 

This  salt  crystallises  with  6  molecules  of  water,  and  is  perhaps  the  most  impor- 
tant salt  of  col^t.  It  is  made  by  dissolving  cobaltous  oxide  in  nitric  acid,  and  as  a 
salt  is  of  a  deliquescent  character. 

When  a  concentrated  solution  of  this  salt  is  acidified  with  nitric  or  acetic  acid, 
and  mixed  with  one  of  potassic  nitrite,  a  beautiful  yellow  salt  is  precipitated  in  a 

Sstalline  form.    It  contains  13*6  per  cent,  of  cobalt,  and  has  the  formula  C0|0„ 
,0„  6KN0»  2H,0  (A.  Stromeyer). 
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MANGANESE. 

Symbol  Mn.    Atomic  Wbioht  55. 

KIstonr.— This  metal  was  first  isolated  by  Gahn  in  1774,  and  although  the  black 
oxide  or  dioxide  occurring  naturally  had  long  been  known  and  used  for  decolorising 
glass,  the  existence  in  it  of  a  peculiar  metal  was  not  recognised.  OrigiDally  the 
mineral  known  as  brownstone  and  consisting  essentially  of  manganese  moxide  was 
regarded  as  an  iron  ore ;  but  Tarious  researches  about  the  years  1770  to  1774  prored 
that  the  metal  contained  in  this  mineral  is  distinct  from  iron. 

Ooouirenoe. — ^Manganese  exists  somewhat  abundantly  in  nature,  chiefly  oocnrring 
in  an  oxidised  state.  The  dioxide  occurs  as  pyrolusite  or  grey  manganese  ore, 
which  has  a  metallic  lustre,  and  a  specific  gravity  of  4*85 ;  this  is  the  moet  abundant 
ore  and,  from  its  uses  in  various  manufactures,  the  most  important.  It  is  largely  con- 
sumed for  the  generation  of  chlorine  in  the  manufacture  of  bleaching  powder,  of  which 
more  than  100,000  tons  are  made  annually  in  Great  Britain.  Pyrolusite  contains 
about  63*3  per  cent,  manganese  and  36*7  per  ceot.  oxygen.  Large  quantities  are 
found  in  Spain,  Devonshire,  and  Cornwall.  Braunite  is  the  native  form  of  the 
sesquioxide,  and  contains  69*68  per  cent,  manganese  and  30*32  per  cent,  oxygen. 
Hausmannite,  which  is  a  rarer  ore,  consists  of  a  mixture  of  protoxide  and  sesqui- 
oxide. Manganite  is  a  hydrated  sesquioxide,  and  manganese  blende  consists 
of  manganous  sulphide.  As  carbonate  manganese  occurs  in  diallogite,  and  as 
hydrosilicate  in  rnodonite.  Wad  or  bog  manganese,  which  is  a  hydrated 
peroxide,  occurs  largely  in  Cornwall,  Devonshire,  the  Hartz,  and  Piedmont.  When 
mixed  with  linseed  oil  it  forms  a  mass  which  is  liable  to  inflame  spontaneously. 

The  ores  used  in  commerce  contain  from  60  to  75  per  cent  of  peroxide  of  manganese, 
and  are  chiefly  derived  from  Spain,  Qermany,  France,  Belgium,  and  Holland. 

Oliaraoters. — Manganese  is  of  a  greyish-white  colour  and  is  brittle ;  when 
obtained  by  Brunner's  process  it  is  hard  enough  to  scratch  steel,  but  it  has  been  ques- 
tioned  whether  this  property  is  not  due  to  the  presence  of  silicon  derived  &om  the 
materials  employed.  Manganese  is  feebly  magnetic,  and  oxidises  on  exposure  to  the 
atmosphere.  It  decomposes  water  at  normal  temperatures,  and  to  preserve  it,  it  is 
necessary  to  place  it  in  sealed  tubes  or  under  naphtha.  When  the  metal  is  strongly 
heated  in  contact  with  carbon  and  silicon,  it  combines  with  these  substances ;  a  ^• 
ciuretted  carbide  is  thus  produced. 

Preparatloii. — The  metal  is  extracted  from  its  compounds  only  with  considerable 
difficulty.  One  of  the  best  methods  is  to  mix  the  carbonate  into  a  paste  with  oil  and 
sugar  or  oil  and  lampblack,  and  to  expose  the  mixture,  contained  in  a  crucible  lined 
with  charcoal  and  provided  with  a  cover  luted  on,  to  the  heat  of  a  smith's  forge.  In 
this  way  after  about  two  hours  a  metallic  button  results,  which  contains  however 
a  little  carbon. 

The  metal  may  also  be  obtained,  according  to  Branner,  by  imitating  the  process 
of  Deville  for  the  reduction  of  aluminum.  The  chloride  or  fluoride  treated  with 
metallic  sodium  under  these  conditions  gives  metallic  manganese. 

When  a  solution  of  chloride  of  manganese  is  sulrjected  to  electrolysis  plates  of  the 
reduced  metal  are  obtained. 

It  may  be  obtained  in  a  pulverulent  form  by  heating  its  amalgam  in  a  tube  which 
is  filled  witb  the  vapour  of  rock  oil  (Giles). 

Uses* — The  metal  has  no  uses  in  the  arts  in  a  pure  state,  but  an  alloy  of  manga- 
nese with  iron  is  largely  used  in  the  manufacture  of  steel  and  Bessemer  metsL 

Oomponnds* — Manganese,  like  many  other  metals,  cnnnot  well  be  classed 
according  to  its  atomicity  or  quantivalence,  because  this  power  is  a  fluctuating  quantity 
which  varies  with  the  compounds,  in  some  of  which  it  is  divalent,  in  others  trivalent 
or  heptavalent. 

With  oxygen  it  forms  a  number  of  compounds,  four  of  which  are  well  defined;  the 
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otto  two  hare  an  exiatenoe  known  only  in  combination.  The  protoxide  MnO  is  a 
poweifnl  base ;  the  sesqniozide  Mn^Og  has  feebly  basic  powers ;  the  red  oxide  Mn^O^ 
and  the  black  dioxide  MnO,  have  no  basic  characters. 

The  potassium  salts  of  the  two  higher  oxides  are  potassic  manganate  K^MnO^, 
supposed  to  contain  MnO,,  and  potassic  permanganate  i[^n,0,,  supposed  to  contain 
Mn,0,. 

The  dioxide  would  seem  to  possess  powers  of  combination  of  an  acid  character, 
according  to  Mr.  Weldon's  interpretation  of  the  results  he  has  obtained  in  the  peroxi- 
dation 01  manganous  oxide  by  air  in  the  presence  of  an  excess  of  lime.  He  claims 
to  haye  demonstrated  the  existence  of  yarious  compounds,  which  he  terms  manganites 
and  sesquimanganites ;  thus  CaOMnO,  and  Ca02Mn02  are  obtained,  a  small  portion 
of  the  CaO  being  usually  replaced  by  an  equjyalent  amount  of  MnO. 

Of  the  chlorides,  manganous  chloride  MnCl,  is  the  most  important ;  a  trichloride 
Mn,01g  or  manganic  chloride  is  also  known.  Besides  these,  it  is  said  a  tetrachloride 
MnCl4  and  yet  another  chloride  MnCl,  also  exist.  Manganic  chloride  is  obtained  when 
the  sesquioxide  is  treated  with  cold  hydrochloric  acid;  heat  conyerts  it  into  manganous 
chloride  and  free  chlorine.  The  tetiachloride  is  obtained  in  ethereal  solution  by  passing 
hydrochloric  acid  gas  into  a  properly  cooled  mixture  of  manganese  dioxide  and  ether; 
it  imparts  to  the  ether  a  fine  green  colour.  The  heptachloride  MnClf  is  said  to  be 
formed  irheii  potassic  permanganate  is  dissolyed  in  strong  sulphuric  acid  and  fused 
sodic  chloride  is  gradiudly  added ;  under  these  conditions  a  greenish-yellow  gas  is 
obtained  which  condenses  to  a  liquid  at  0°.  Water  decomposes  it  into  permanganic 
add  and  hydrochloric  add ;  and  Bumas  regards  it  as  a  heptachloride.  H.  Hose,  how- 
eyer,  balieyes  it  to  be  an  oxychloride  MnCljO,  analogous  to  chromic  oxychloride.  It  is 
said  that  fluorides  corresponding  to  the  aboye  described  chlorides  haye  been  formed. 

Manganese  forms  two  sulphates,  yiz.,  manganous  sulphate  MnSOfdHjO  and  man- 
ganic sulphate,  which  is  a  deep  green  powder  that  combines  with  potassic  sulphate, 
giying  a  double  salt  crystallising  in  octahedra  of  the  composition  KsMn^^'iSO^. 

S^phide  of  manganese  is  obtained  in  a  hydrated  state  as  a  reddish-yellow  predpi- 
tate  MnS  +  £[,0,  when  a  manganous  salt  is  precipitated  by  sulphydrate  of  ammonium. 

The  carbonate  MnCO,  fi^uently  accompanies  spathic  iron ;  as  a  white  hydrate 
21lbiOO^Kfit  it  is  formed  by  precipitating  a  salt  of  manganese  by  an  alkaline  carbon- 
ate.   The  carbonate  is  decomposed  on  heating,  leaying  an  oxide. 

An  arsenide  and  a  bromide  are  also  known. 

Manganese  yields  seyeral  alloys,  none  of  which  howeyer  are  of  much  importance. 
Th^  are  difficidt  to  prepare,  because  it  is  difficult  to  reduce  metallic  manganese.  Mr. 
F.  F.  Allen  directs  as  follows  for  preparing  the  copper  alloy :  a  mixture  of  dioxide  or 
carbonate  of  manganese  is  fused  with  cupric  oxide  and  chaicoal  in  a  plumbago  crucible 
at  the  highest  attainable  temperature.  Alloys  with  tin,  lead,  etc.,  haye  also  been 
prepared.  Manganese  in  combination  with  iron  giyes  a  harder  and  mo>e  elastic  metal 
than  is  iron  alone. 


rOAVOVS    OZXBB. 

FOBMITLA  MnO.      MOLBCULAB  WbIOHT    71. 

In  an  anhydrous  condition  this  oxide  ii  obtained  by  ignition  of  the  carbonate  or  any 
hi^er  oxide  in  a  current  of  hydrogen.  It  is  a  green  coloured  powder  liable  to  oxidise 
in  the  air,  and  when  ignited  in  contact  with  air  combustion  tcJces  place  and  a  brown 
oxide  results. 

This  oxide  is  soluble  in  acids,  and  forms  the  corresponding  salts  from  whose  solu- 
tions alkalies  repredpitate  the  oxide  as  a  pinkish  hydrate  MnH^Oj,  which  rapidly 
absorbs  oxygen  from  the  air  or  oxygen  gas  and  passes  into  the  sesquioxide  Mn^O,. 


FoRxuLA  Mn,0,.    MoLBCULAR  Wbioht  158. 

Occurs  naturally  as  braunite  and  as  a  hydrate  in  manganite  Mnfi^,Kfl.  It 
may  be  prepared  as  stated  aboye  from  the  protoxide  or  from  the  carbonate  by  suspen- 
sion in  water  and  passing  chlorine  gas  through  the  mixture.  If  excess  of  chlorine 
be  used  the  dioxide  results.  It  forms  also  the  prindpal  part  of  the  residue  left  behind 
when  the  dioxide  is  heated  for  the  purpose  of  making  oxygen. 

This  oxide  has  a  brown  colour,  and  is  resolyed  by  strong  nitric  acid  into  monoxide 
and  dioxide,  the  former  of  which  alone  dissolves.  Heated  with  strong  sulphuric  acids, 
oijgen  is  liberated,  and  man^nons  sulphate  results.    With  hydrochloric  add  it  focma 
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chlorine  gas.    On  strong  ignition  it  loses  on»*eigfath  a(  its  ozygtUt  and  leares  tbm  l«d 
oxide  Mn^O^. 

The  colonr  of  the  amethyst  is  supposed  to  be  due  to  the  preseooe  of  this  oziAe. 


roAiroso-MAvoAirzo  ozxbb. 

FoBMULA  Mn,04.    MoLBCiTLiB  Wbight  229. 

This  oxide  oorrenjonds  to  the  magnetic  oxide  of  iron.  It  ooonrs  natorallj  as 
hansmannite,  and  is  obtained  when  any  one  of  the  other  oxides  is  heated  strongly 
in  the  air.  It  is  incapable  of  forming  definite  salts,  although  it  is  dissolTid  botJi  by 
phosphoric  and  sulphuric  acids. 


BisroauBB  or  icAwoJurasB. 

FoBinjiA  MnO^    MoLSCfULAB  Wmosr  87. 

The  native  forms  of  this  oxide  are  found  both  massire  and  crystallised.  It  is  a 
good  conductor  of  electricity,  being  strongly  electro-negative  in  the  voltaic  circuit 

It  may  be  prepared  by  precipitating  a  nit  of  manganese  by  a  solution  of  bleaching 
powder,  or  by  gentle  ignition  of  nitrate  of  manganese. 

It  is  black  m  colour,  and  does  not  form  corresponding  salts  with  adds. 

On  ignition  it  vields  one-third  of  its  oxygen,  and  leaves  the  tod  oxide 
SMnO,  a  Mn,04  +  O,.    Treated  with  sulphuric  add  the  following  reaction  ocean : 

2MnO,  +  2H^04  -  2MnS04  +  2H,0  +  0^ 

With  hydrochloric  acid  it  gives  rise  to  chlorine : 

MnO,  +  iECl  =  MnCl,  +  2H,0  +  Ca,. 

It  is  by  this  process  that  chlorine  is  manufactured  for  the  preparation  of  bleadiing 
powder ;  the  chloride  of  manganese  which  results  is  precipitated  by  an  excess  of  milk 
of  lime,  and  air  is  then  blown  through  the  mixture. 

In  this  way  (Weldon's  process)  the  manganese  is  again  peroxidised,  giving  rise  to 
the  compounds  treated  of  above,  and  these  on  treatment  with  fresh  hydrochloric  add 
yield  a  further  supply  of  chlorine,  while  the  manganese  may  bs  continually 
regenerated. 

When  manganate  or  permanganate  of  potassium  is  decomposed  by  an  add, 
hydrated  dioxide  is  precipitated,  MnO^HgO,  as  a  reddish-brown  body. 

Another  hydrate,  401  nOyHjO,  is  obtained  on  heating  the  red  oxide  of  manganese 
with  nitric  acid. 

According  to  Fremy,  manganic  dioxide  not  only  acts  as  an  add,  but  also  as  a  base, 
forming  definite  salts  with  adds — for  example,  a  su^hate  of  the  formula  MnO^O,. 

The  manganese  of  commerce  is  never  pure  manganese  peroxide,  but  always  con- 
tains, besides  lower  oxides  of  manganese,  a  number  of  other  admixtures  which  reduce 
its  value.  Since  it  is  the  peroxide  of  manganese  which  yields  chlorine  with  hydro- 
chloric add,  the  value  of  commercial  manganese  to  the  chlorine  producer  depends  upon 
the  percentage  of  manganese  peroxide  it  contains.  In  order  to  determine  the  amount 
of  peroxide  in  a  sample  of  manganese,  a  weighed  quantity  of  the  manganese  is  tnattd 
witn  an  excess  of  hydrochloric  acid,  so  as  to  liberate  all  the  chlorine  it  is  capable  of 
yielding.  This  chlorine  is  absorbed  in  a  dilute  solution  of  caustic  sodi^  and  tbta  de- 
tennined  by  titration. 

For  this  purpose  4*35  grms.  of  finely  powdered  commeroial manganese  is  weighed  and 

? laced  in  a  glass  fiask,  with  from  15  to  20  c.c.  of  concentrated  hydroc^oric  add. 
'he  flask  is  then  dosed  as  quickly  as  possible  with  an  india-rubber  cork,  in  older  to 
avoid  escape  of  chlorine,  a  glass  tube  bent  at  an  angle  of  45°  passing  through  a 
perforation  in  the  cork.  The  end  of  this  glass  tube  is  &stened  into  the  neck  of  an 
inverted  retort  reaching  as  far  as  the  bulb  of  the  retort.  The  retort  is  filled  to  about 
four- fifths  with  a  solution  of  caustic  soda,  so  that  no  air  is  contained  in  the  bulb  itMlf. 
The  glass  flask  containing  the  mangauese  and  hydrochloric  acid  is  then  gently  heated, 
the  chlorine  evolved  being  immediately  absorbed  by  the  caustic  soda  in  the  rotort.  The 
temperature  is  eventually  raised  to  the  boiling  point  and  kept  at  this  point  until 
chlorine  ceases  to  be  evolved,  which  is  ascertained  from  the  peculiar  noise  caosed  by 
the  condensation  of  pure  hydrochloric  acid.  All  chlorine  having  been  driven  out  of 
the  glass  fiask,  this  is  disconnected  from  the  retort,  and  the  contents  of  the  retort  are 
poured  into  a  litre  flask,  the  retort  being  washed  with  water  and  the  washings  added 
to  the  contents  of  the  litre  fiask,  which  is  then  filled  with  water  up  to  theinan.    The 
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litre  flask  is  then  shuken  np  and  the  chlorine  contents  of  the  liquid  (10  c.c.  being 
taken  at  a  time)  determined  by  titration,  either  according  to  the  method  of  Guy  Lnssac 
or  Penot  and  Mohr. 

8ince  the  equivalent  weight  of  peroxide  of  manganese  is  87,  and  4*35  grms.  of 
manganese  is  taken,  a  pure  sample  ought  to  yield  8*5  grms.  of  chlorine,  and  accordingly 
10  c.c  of  the  Qay  Lussac  arsenious  acid  solution  ought  to  be  saturated  by  10  cc  of 
the  chlorine  solution  prepared  as  above.  If,  however,  less  chlorine  has  been  evolved, 
more  of  the  chlorine  solution  is  required.  If,  for  instance,  14  cc  be  required  to  com- 
pletely oxidise  10  c.c.  of  the  Oay  Lussac  arsenious  acid  solution,  the  amount  of  man- 
ganese peroxide  contained  in  the  sample  of  commercial  manganese  would  be  according 
to  the  proportion : 

14  :  10  «  100  :  X 
X  «  71*48 

The  manganese  sample  would  therefore  accordingly  contain  71*43  per  cent,  of 
active  manganese  peroxide. 

Instead  of  absorbing  the  chlorine  by  means  of  a  dilute  solution  of  caustic  soda,  it 
may  be  passed  into  a  weighed  quantity  of  Penot*8  solution  of  sodium  arsenite,  the  non- 
oxidised  arsenious  acid  being  titrated  back  by  means  of  iodine  and  starch  paste. 

Determination  of  the  quantity  of  hydroohlorie  acid  required  for  the  comnUte  decom- 
positum  of  a  ^ven  qntmiOy  of  manganese. — The  value  of  manganese  is  not  alone 
draendent  upon  the  quantity  of  chlorine  it  is  capable  of  yielding  with  hydrochloric 
acid,  but  also  upon  the  quantity  of  hydrochloric  acid  required  for  its  complete  decom- 
position. Pure  manganese  peroxide  liberates  half  the  chlorine  containea  in  a  given 
quantity  of  hydrochloric  acid ;  but  commercial  manganese  contains,  besides  manganese 
peroxiiie,  compounds  which  decompose  hydrochloric  acid,  setting  veij  little,  if  any, 
chlorine  free.  Hanganese  oxide,  ror  instance,  decomposes  hydrochloric  add  according 
to  the  equation: 

MujO,  +  6HC1  -  2MnCl,  +  3H,0  +  2CL 

Thus  it  liberates  only  one -third  of  the  chlorine  contained  in  hydrochloric  acid. 
Manganous  oxide  3rielas  no  chlorine  when  treated  with  hydrochlori  acid 

MbO  +  2HG1  a  M n  CI,  +  H,0, 

thus  using  up  hydrochloric  acid  in  a  manner  no  way  suitable  to  the  chlorine  manu- 
fiicturer.  Besides  these  oxides,  commercial  manganese  may  contain  substances  which 
eonsums  hydrochloric  acid  without  evolving  chlorine,  as,  for  instance,  iron  oxides,  etc 

Bat  the  most  objectionable  admixtures  in  commercial  manganese  are  the  carbonates, 
toch  as  calcium  and  barium  carbonates,  which  consume  hydrochloric  acid  and  liberate 
earbonie  acid  instead  of  chlorine.  This  carbonic  acid  is  a  great  nuisance  in  the 
chlorine  chambers  where  bleaching  powder  is  being  prepared,  as  it  combines  with  part 
of  the  lime  to  form  calcium  carbonate,  which  resists  the  action  of  chlorine.  This 
causes  not  only  a  loss  of  hydrochloric  acid,  but  also  waste  of  lime  at  the  same  time. 

According  to  Fresenius  the  quantity  of  hydrochloric  acid  required  for  the  complete 
decomposition  of  a  definite  quantity  of  manganese  may  be  determined  in  the  following 
way. 

The  amoont  of  add  in  a  strong  solution  of  hydrochloric  acid  (spec.  grav.  I'lO)  is 
detorminsd  by  titration  dther  with  ammoniacal  copper  oxide  or  with  normal  potash 
solution.  10  cc  of  this  acid  is  placed  in  a  small  flask  containing  the  manganese 
to  be  examined,  whieh  must  be  in  a  finely  powdered  state.  The  fiask  is  then  dosed 
with  a  perforated  caoutchouc  cork  fitted  with  a  glass  tube  8  feet  long,  then  gradually 
heated  until  all  the  chlorine  has  been  expelled.  The  flask  and  its  contents  are  allowed 
to  oool,  diluted  with  water,  and  the  quantity  of  free  acid  again  determined  dther  by 
titration  with  urntnmiiAi^Al  copper  oxide  or  with  normal  potash  solution. 


When  an  oxide  of  manganese  is  fused  with  caustic  potash,  oxygen  is  absorbed 
from  the  air,  and  a  dark  green  mass  results  containing  manganate  of  potassium 
K|]fnO«.  Potasdc  nitrate  or  chlorate,  if  added  during  the  fusion,  assists  the  oxida- 
tion. If  soda  be  used  instead  of  poCltsh,  the  sodium  salt  is  obtained,  and  a  solution 
of  either  yields  crystals  by  evaporation  in  a  vacuum.  This  is  necessary  because  the 
■alts  readily  absorb  more  oxygen  passing  into  permanganate. 

Barium  manganate  BaMnO^  may  be  similarly  prepared. 
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Perman^faoateB  are  obuined  when  manganatee  are  diseolyed  in  mnch  water ;  man- 
ganese dioxide  is  precipitated  in  a  hydrated  state,  and  the  solution  becomes  puple 
irom  the  formation  of  a  permanganate  : 

SE^MnO^  +  2H,0  «  MnO,  4  E,Mn,0,  +  4EH0. 

This  effect  is  accelerated  by  heat,  but  retarded  by  the  presence  of  much  firee  alkalL 
Potassic  permanganate  may  be  readily  made  by  heating  to  dull  redness  a  mixture 
prepared  by  drying  a  solution  of  five  parts  caustic  potash  containing  in  mixture  3^ 
parts  of  potassic  chlorate  and  4  parts  of  finely  divided  manganese  dioxide.  After  an 
hour's  heating,  the  mass  is  cooled,  powdered,  neutralised  with  sulphuric  acid,  filtered, 
and  evaporated.  On  cooling,  beautiful  acicular  crystals  of  potassic  permanganate 
result 

Or  the  salt  may  be  obtained  by  passing  a  current  of  carbonic  anhydride  through 
potassic  manganate  in  solution : 

3K,Mn04  +  2G0,  «  K^n,0,  +  2E,G0,  +  MnO,; 

or  chlorine  may  be  used  instead—  thus : 

2E^n04  +  01,  a  E^MnjO,  +  2K01 

Other  permanganates  are  well  known,  such  for  instance  as  the  argentic  salt,  which 
is  also  crystalline. 

Both  the  manganates  and  the  permanganates  are  powerful  oxidising  agents. 

Permanganic  acid  H^n,Og  is  prepared  by  dissolving  the  potassium  salt  in  sul- 
phuric acid  diluted  with  one  molecule  of  water  and  distillW  the  mixture  at  60^-70®. 
The  acid  then  passes  over  in  violet  vapours,  which  condense  to  a  greenish-blaek 
liquid  which  has  a  powerful  attraction  for  water,  and  is  so  powerful  in  its  oxidising 
effects  as  to  instantly  set  fire  to  paper  or  alcohol. 
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As  already  explained,  this  salt  is  obtained  on  a  large  scale  in  the  manufacture  of 
chlorine.  It  crystallises  in  plates  of  a  delicate  pink  colour  containing  4  molecules  of 
water.  These  when  heat^  yield  the  anhydrous  salt  which  is  soluble  in  alcohol, 
and  forms  a  double  combination  which  may  be  obtained  in  a  crystalline  form ;  it 
has  the  formula  MnCly402H«0. 
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This  salt  is  used  to  some  extent  by  calico-printers.  It  is  a  very  soluble 
coloured  salt,  isomorphous  with  magnesium  sulphate.  On  the  large  scale  it  is  prepared 
by  heating  manganese  dioxide  and  coal  in  a  closed  vessel,  and  dissolving  the  crude  prot- 
oxide thus  obtained  in  sulphuric  acid,  with  addition  of  a  little  hydrochloric  add.  The  so- 
lution is  then  evaporated  to  dryness  and  the  residue  enosed  to  a  red  heat,  by  which 
any  ferric  sulphate  which  is  present  is  decomposed.  From  the  product  so  resulting 
water  dissolves  out  pure  sulphate  of  manganese.  It  is  used  by  the  printers  by 
steeping  the  cloths  in  it,  and  then  passing  them  through  a  solution  of  bleaching 
powder  which  precipitates  the  insoluble  hydrated  dioxide  within  the  fibres  of  the 
articles,  thus  producing  a  permanent  brown.  Sulphate  of  manganese  crystallises  either 
with  7  or  5  molecules  of  water,  and  forms  double  salts  with  the  sulphates  of  the 
alkali  metals ;  thus  the  potassium  double  sale  is  MnS04,EwS04,  6H«0. 

When  sulphate  of  manganese  is  crystallised  from  boiling  sulphuric  acid,  it  formv 
an  acid  salt  of  the  formula  MnH^SO^.  ^ 


CHROMIUM. 

Symbol  Or.    Atomic  WmoHT  62*6. 

—Chromium  was  disooyered  in  1797  b^  Vauquelin,  inn  mineral  having 
the  composition  of  pliMnbic  chromate  PbCrO^.  This,  however,  occurs  but  rarely  in 
nature. 


). — Chromium  is  not.  found  very  abundantly  in  nature,  and  it  never 
occurs  in  the  metallic  state.  The  only  ore  which  is  found  in  any  abundance  i§ 
chrome  iron  ore,  a  compound  of  oxides  of  chromium'  and  oxides  of  iron,  corre- 
sponding to  magnetic  oxide  of  iron  (FeO,  Cr,0,  or  FeCr/)^).  Chrome  iron  ore  occurs 
chiefly  in  serpentine,  which  is  found  in  Saxony,  Silesia,  Bohemia,  Transylvania, '  in 
Norway,  the  Ural  and  various  parts  of  North  America.  It  is  found  in  a  massiv^ 
state  in  the  SheUand  Isles,  while  the  chief  supply  is  derived  from  Sweden  and  North 
America.  Chromium  is  also  found  as  sesquioxide  (chrome  ochre),  and  as  already 
mentioned  in  the  form  of  chromate  of  lead,  a  crystedline  mineral  of  great  beauty.^ 

cniaraeters. — In  the  hard  crystalline  state  the  metal  resists  the  action  of  stronff 
adds,  even  nitro-hydrochloric  acid ;  otherwise  it  is  readily  attacked  by  dilute  hydso 
chloric  acid,  less  so  by  dilute  sulphuric  acid,  and  even  less  by  strong  nitric  acid.    . 

When  heated  to  redness  in  the  air,  it  tarnishes,  and  is  gnidually  covered  with;,  a 
thin  film  of  green  oxide.  -  When  thrown  into  a  flame  fed  with  oxygen,  it  scintillates 
like  iron,  and  when  melted  with  potassic  chlorate  it  burns  very  brightly.  It  also 
exhibits  a  brilliant  incandescence  when  heated  in  chlorine  gas ;  it  also  combines  with 
bromine,  iodine,  fluorine,  cyanogen,  nitrogen,  oxygen,  phosphorus,  and  sulphur.  When 
absolutely  pure,  it  is  less  nisible  than  platinum. 

Freparatlon. — There  are  several  processes  for  the  preparation  of  metallic 
chromium.  BeviUe  obtained  it  by  reducing  chromium  sesquioxide  in  a  lime  crucible, 
by  means  of  charcoal  at  a  high  temperature  ;  it  is  thus  obtained  as  aporous  mass  con- 
sisting of  grains  as  hard  as  corundum  and  of  specific  gravity  5'9.  Wohler  prepared 
metaUie  cluomiom  by  reducing  the  sesquichloride  by  means  of  zinc  at  a  red  heat.  The 
regulus  of  sine  obtained  in  this  way  is  heated  with  dilute  nitric  acid,  which  dis- 
solves the  zinc  and  leaves  the  chromium  as  a  grey  powder.  Peligot  obtained  it  in  a 
similar  form  by  the  use  of  potassium  in  the  place  of  zinc,  and  Fremy,  by  employing 
the  vaponr  of  sodium  along  with  a  current  of  hydrogen,  produced  metallic  chromium 
in  hara  shining  crystals. 

Chromium  is  slso  obtained  in  brittle  lamine  when  a  solution  of  the  sesquioxide  is 
submitted  to  electrolysis  (Bunsen). 

Oompoiuids. — Chromium  forms  two  classes  of  salts,  viz.  the  chromous  and 
chromic  compounds.  In  the  first  of  these  the  chromium  is  bivalent  like  iron  in 
ierrous  chloride ;  as  for  instance  in  the  chloride  CrCl,  or  the  oxide  CrO,  etc.  In  the 
chromic  compounds  the  metal  behaves  as  a  triad  or  tetrad,  and  the  salts  are  com- 
parable to  those  of  ferric  iron,  as  the  oxide  CtjO,  and  the  chloride  Cr^Clf,  etc  There 
u  a  third  oxide  CrO,  which  combines  with  water  and  basic  oxides  forming  a  series  of 
compounds  called  chromates.  The  hydrate  or  hydrogen  salt  is  chiomie  add 
H,Cr04 ;  this  acid  is  analogous  to  sulphuric  acid. 

Chromous  oxide  CrO  is  known  only  in  the  hydrated  state,  and  is  obtained  when 
chromous  chloride  CrCl,  is  precipitated  by  caustic  potash  ;  in  this  state  it  is  brown 
and  absorbs  oxygen  rapidly;  it  even  decomposes  water  with  avidity,  setting  free 
hydrogen,  and  forming  an  intermediate  oxide  of  chromium  CrO,Cr,O^H,0. 
Chromous  oxide  forms  salts  which  are  of  a  pale  blue  colour  and  have  a  great  affinity 
for  oxygen ;  it  forms  a  double  sulphate  with  potassic  sulphate  Ct"E.^O^.  The  ses- 
quioxide Cr,0,  corresponds  to  ferric  oside.  The  dioxide  (CrO,)  is  obtained  as  a 
brown  substance  by  digesting  chromic  oxide  with  excess  of  chromic  acid,  or  by  partial 
reduction  of  chromic  acid  ;  it  may  be  a  chromic  chromate  Cr^O^CrO^ 

Perchromic  arid  is  the  name  given  to  the  blue  solution  obtained  when  ehromio 
add  or  a  solution  of  potasdc  dichromate  addulated  with  sulphuric  add  is  treated 
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with  dilute  peroxide  of  hydrogen ;  it  has  been  suggested  that  the  colouring  principle 
may  have  the  formula  H^CrjO,,  containing  an  oxide  Cr^O,  analogous  to  permanganic 
acid. 

Chromium  forms  two  chlorides,  CrCl,  and  Cr^Clg ;  the  latter  of  these  will  be  de- 
scribed more  fully  hereafter.  Chromous  chloride  may  be  obtained  by  reduction  of 
chromic  chloride  at  a  red  heat  in  a  current  of  hydrogen ;  the  white  product  dissolTes 
easily  in  water,  giving  a  blue  solution  liable  to  undergo  atmospheric  oxidation  and 
capable  of  absorbing  nitric  oxide  just  as  ferrous  chloride  does.  By  atmospheric  oxida- 
tion a  solution  of  chromous  chloride  turns  green  and  yields  chromic  oxychloride 
Cr,Cl.,Cr,0,. 

With  ammonic  sulphide,  chromous  chloride  gives  a  black  precipitate  of  cfaromonf 
sulphide. 

Two  fluorides  of  chromium  are  well  known,  the  trifluoride  Cr^g  and  the  hexflooride 
CrFg.  The  former  of  these  is  obtained  by  treating  diy  sesquioxide  of  chromium 
with  hydrofluoric  acid,  and  strongly  heating  the  dried  mass.  The  trifluoride,  which  is 
dark  green,  sublimes  at  a  high  temperature  and  crystallises  in  regular  octahedra.  The 
hexfluoride  is  produced  on  distillation  of  a  mixture  of  4  parts  plumbic  chromate  with 
3  of  powdered  fluor  spar  and  8  of  concentrated  sulphuric  add : 

PbCrO^  +  SCaF,  +  4H^p4  =  PbSO^  +  SCaSO^  +  4H,0  +  CrF^ 

The  deep  red  vapours  of  hexfluoride  which  pass  over  may  be  condensed  to  a  red 
liquid  by  use  of  a  very  low  temperature.  On  contact  with  water  the  substanee  is 
decomposed,  yielding  hydrofluoric  acid  and  chromic  acid : 

CrF.  +  8H,0  =  CrO,  +  6HF. 

It  is  said  an  intermediate  fluoride  between  these  two  which  have  been  described 
can  be  obtained  by  the  action  of  hydrofluoric  acid  on  the  brown  dioxide  of  chromium. 

Chromium  also  unites  with  bromine,  iodine,  cyanogen,  phosphorus,  and  sulfur ; 
besides  the  chromous  sulphide  above  referred  to,  there  is  a  chromic  sulphide  Ur^ 
which  may  be  obtained  in  black  scales  when  the  vapour  of  carbon  bisulphide  is  paued 
over  strongly  heated  chromic  oxide  contained  in  a  porcelain  tube.  By  addition  of 
sulphide  of  ammonium  to  the  solution  of  a  chromic  salt,  hydrated  sesquionde  is 
precipitated  and  sulphuretted  hydrogen  set  free. 

A  nitride  of  chromium  Cr^N^  ?  has  been  described  by  Schrotter. 

Chromic  nitrate  OrjONO,  is  a  soluble  salt  of  a  green  colour ;  on  gentle  ignition 
it  yields  brown  dioxide  of  chromium  CrO,  or  Cr^O^CrO,. 

Chromic  oxalate  forms  two  well-deflned  series  of  double  salts  of  the  general 
formuk :  M-'Cra"'6C,0^  and  M,'Crj"  40,0^. 

Little  is  known  d  the  alloys  of  chromium ;  it  combines  with  aluminum  and  iron, 
and  also  forms  an  amalgam  which  is  obtained  on  treating  a  solution  of  chromic 
chloride  with  sodium  amalgam ;  the  product,  when  heated  in  a  current  of  hydrogen, 
leaves  metallic  chromium  as  a  pulverulent  sponge. 
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This  oxide  in  an  anhydrous  condition  may  be  variously  prepared. 

(a)  In  dark  green  crystals  when  the  vapour  of  chromic  oxydichloride  is 
through  a  red-hot  porcelain  tube — 4CrCl40,  «  2Cr20,  +  4C1,  +  O,. 

(b)  By  heating  ammonic  or  potaasic  dichromate. 
When  required  for  industrial  purposes  it  is  obtained : 

(0)  By  mixing  solutions  of  mercurous  nitrate  and  potassium  chromate  or  di- 
chromate, and  exposing  the  precipitated  mercurous  chromate  to  a  red  heat.  The 
sesquioxide  so  obtained  as  a  residue  is  of  a  fine  green  colour,  and,  like  alumina  which 
has  been  strongly  heated,  is  insoluble  in  acids. 

(d)  Another  good  method  of  preparation  consists  in  strongly  igniting  in  a  covered 
crucible  a  mixture  of  4  psuls  of  pot^issic  chromate  in  powder  with  1  part  of  starch ; 
potassic  carbonate  is  thus  formed,  and  may  be  dissolved  out  from  the  residue,  and  the 
chromic  oxide  remaining  only  requires  a  second  calcination  to  obtain  it  in  a  dear 
bright  green  form. 

Chromic  oxide  is  not  decomposed  by  heat,  and  it  is  therefore  used  in  enamel 
painting. 

The  pink  colour  used  on  earthenware  is  prepared  by  heating  to  redness  a  mixture 
of  do  parts  of  stannic  oxide,  10  of  chalk,  and  1  of  potassic  chromate :  the  product  is 
finely  powdered  and  washed  with  weak  hydrochloric  add.  A  beautiful  torn  tint  \» 
thus  obtained  (Miller).  • 
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The  eryBtalline  Msquiozide  ia  need  in  the  preparation  of  rasor  strops. 

The  hjdiated  oxide  may  be  obtained  by  boiling  potassicdichromate  in  the  presence 
of  alcohol  or  snlphurous  anhydride,  when  potassic  chromate  is  formed ;  and  on  addition 
of  ammonia,  the  seaqnioxide  is  thrown  down  as  a  greyish-ereen  hydrate.  This  bulky 
fbnn  of  the  hydrated  oxide  retains  alkali  with  pertinacity ;  it  dissolves  readily  in  acids, 
and  fbrms  salts  of  a  green  colour,  which  do  not  crystallise.  • 

Qumnic  oodde  forms  another  set  of  salts  haying  a  violet  oolonr  which  admit  of 
crystallisation,  and  the  oxide  which  ammonia  precipitates  from  their  solutions  is  of  a 
bluish-green  colour. 

BeneliuB  accounted  for  these  results  by  admitting  the  existence  of  two  distinct 
hydrates  of  chromic  oxide.  Through  the  researohes  of  Fremy  and  Siewert  tJ^ese 
hydrates  have  been  more  particularly  made  known.  According  to  the  conditions 
of  preparation  uid  diying,  tne  amount  of  water  associated  with  the  oxide  is  deter- 
ndnad.  The  following  combinations  exist : 

Cr,0„  9H,0 ;  Cr,0,.  7^0;  Cr,0„  6H,0 ;  Cr,0^  4H,0 ;  and  Cr,0„  H,0. 

The  hydrated  sesquioxide  parts  with  its  water  below  redness,  and  if  heated  beyond 
this  point  it  becomes  incandescent,  shrinks,  and  is  then  insoluble  in  acids.  Chromic 
oxide  is  a  weak  base,  resembling  ferric  oxide  and  alumina ;  its  salts  are  green  or 
poiple. 
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This  compound  may  be  readily  obtained  by  mixing  4  measures  of  concentrated 
cold  solution  of  potassic  dichromate  with  5  of  oil  of  yitriol ;  oo  cooling,  the  chromic 
trioxide  cryirtaliises  out  in  beautiful  crimson  needles.  Chromic  anhydride  is  yery 
soluble  in  water;  but,  although  soluble  in  dilute  and  eyen  more  concentrated  acid 
than  that  of  1*66  sp.  gr.,  it  is  uot  soluble  except  to  a  slight  extent  in  acid  of  that 
particular  strength. 

To  rid  the  crystals  of  sulphuric  acid,  they  should  be  first  drained  on  a  tile,  then 
dissolved  in  water  and  precipitated  by  an  equivalent  amount  of  acid  barium 
chromate,  BaH,  2CZO4,  calculated  upon  Uie  sulphuric  acid  present.  On  evaporation 
of  the  reeultinff  solution  in  vacuo,  the  chromic  anhydride  is  obtained  pure. 

Chromic  tnoxide  may  be  also  obtained  by  decomposing  chromium  hexalluoride 
with  a  little  water.  It  is  deliquescent  and  easily  freed  from  water  by  drying  at  a 
gentle  heat.  It  is  black  when  hot,  but  regains  its  dark  red  colour  on  cooling;  it 
fuses  at  200°C,  and  at  a  higher  temperature  eyolves  oxygen  while  the  sesquioxide  is 
left  behind.  When  heated  with  hydrochloric  acid,  chlorine  is  liberated  according  to 
the  following  reaction : 

20rO,  4-  12HC1  =  Cr,Clg  +  6H,0  +  8C1,. 

Chromic  trioxide  combines  with  sulphuric  acid  to  form  seyeral  crystalline  com- 
pounds,  which  ara  all  decomposable  by  water. 

When  in  contact  with  water,  for  which  the  trioxide  of  chromium  exhibits  a  strong 
alBinity,  it  exists  as  chromic  acid,  H^CrO^,  which  is  bibasic,  and  corresponds  to  sul- 
phuric acid. 

Chromic  acid  fonns  three  classes  of  salts,  namely,  basic,  normal,  and  acid ;  the 
normal  salts  have  a  yellow,  and  the  acid  salts  an  orange  colour. 

PotoMMtum  ckroTnate,  K^CrO^,  is  made  by  calcination  of  chrome  iron  ore  with  nitre  or 
withpotassium  carbonate,  or  with  caustic  potash. 

This  operation  is  ordinarily  conducted  in  a  reverberatory  furnace,  usiiiff  the  chfome 
iron  Qtfe  in  a  powdered  condition.  The  furnace  product  is  lixiviated  with  water,  and 
tiM  sohition  on  evaporation  yields  crystals  of  the  chromate  in  an  anhydrous  eonditios. 

Potasnum  dichromate,  Kfirfij,  is  obtained  by  heating  chrome  iron  on  to  redtaeas 
and  plunging  it  into  cold  water,  by  which  means  it  is  rendered  friable.  It  is  finely 
powdered  1^  heated  to  bright  redness  with  a  mixture  of  chalk  and  potassium  car- 
bonate in  a  reverberatory  furnace  with  frequent  stirring  in  a  current  of  air.  Any 
eslcium  chromate  that  may  have  formed  is  afterwards  decomposed  by  lixiviating  the 
product  with  water,  and  addition  if  necessary  of  potassium  carbonate.  In  any  caee  the 
yellow  solution  is  drawn  of^  supersaturated  with^  nitric  acid,  and,  after  separation  by 
filtration  of  any  silica  that  may  thus  be  precipitated,  evaporated,  when  canrstals  oi 
potastium  dichromate  an  obtained,  and  may  be  purified  by  rscrystalUBation.  The  diaUc 
u  used  in  the  iumace  operation  to  keep  the  mass  in  a  porous  state^  which  is  one 
&vourable  to  the  oxidation. 


S24i  CHBOMIUM. 

This  salt  may  also  be  obtained  by  treating  the  neatial  salt  vith  a  mlcwlated 
quantity  of  solphoric  add. 

Potassium  dichromate  melts  when  heated,  and  is  soluble  in  10  parts  of  iriter. 

By  treating  potassium  dichromate  ifith  an  equivalent  of  such  bfluses  as  lime  or  maff* 
nesia  several  double  salts  may  be  obtained.  Thus  we  have  ma^esio-potasnum 
ohromate,  KJkIg20r04.2H,0,  which  crystallises  in  oblique  rhombic  pnsms. 

Mitscheruch  obtained  a  trichromate  of  potassium,  K,Cr,0,,,  by  aedng  on  the 
dichromate  with  excess  of  nitric  acid ;  and  Siewert,  by  evaporating  a  solution  of  this 
compound  in  nitric  acid,  obtained  a  tetrachromate  EgGrfO),. 

Sodium  ohromate  may  be  nmilarly  prepared,  using  soda  in  the  J^Aoe  of  potash ; 
it  cijrstallises  vrith  10H,O.  An  acid  sodium  chromate,  2NaHCr04.H,0,  can  also  ha 
obtained  in  ruby  coloured  crystals. 

Argeniio  ohromate,  AgfirO^  is  precipitated  when  solutions  of  silver  nitiate  and 
potassie  chromate  are  mixed ;  it  is  a  reddish-brown  powder,  soluble  in  hot  dilute 
nitric  acid,  and  crystallising  therefrom  on  cooling  in  ruby-red  crystals. 

Chromate  of  calcium  is  soluble,  while  the  chiomates  of  barium,  sine,  and  mencaiy 
are  insoluble. 

PUmbio  ohromate  is  the  only  other  compound  that  calls  for  notice  here;  it  is  largely 
used  in  organic  analysis  by  reason  of  the  facility  with  which  it  yields  oxygen  to 
organic  matter  heated  in  contact  with  it,  while  it  fixes  any  such  bodies  as  chlorine  or 
iodine  which  may  be  present  in  the  substance  to  be  analysed  or  '  burned.' 

Plumbic  chromate  is  the  basis  of  the  pigment  known  as  chrome  yeUow,*and  is 
obtained  by  precipitating  a  solution  of  acetate  of  lead  with  one  of  potassium  chromate 
or  dichromate. 

At  200-260^0  it  becomes  brown,  and  at  a  much  higher  temperature  it  fuse*  and 
evolves  about  4  per  cent,  of  oxygen,  basic  plumbic  chromate  being  formed. 

SPbCrO^  -  iPbCrO^PbO  +  20r,0,  +  80,. 

A  dibasic  plumbic  chromate  is  also  known  of  the  formula  (2PbO,OrO,) ;  it  is  ussd 
to  impart  a  permanent  oran^  to  calico,  and  may  be  obtained  by  Aising  one  part  of  the 
normal  plumbic  chromate  with  5  parts  of  nitre.  Potassium  chromate  and  uie  dibasic 
plumbic  chromate  are  thus  produced,  while  the  potassium  salt  may  be  dissolyed  out 
from  the  product  by  means  of  water. 


FOBMULA  Or,  3SO4.     MOLXCUULB  WmoBT  398. 

This  salt  is  obtained  by  dissolving  the  hvdrated  sesquioxide  in  dilute  sulphuric 
acid.  It  forms  with  the  sulphates  of  the  alkalies  double  combinations  which  are 
highly  crystalline ;  important  among  these  is  the  ammonium  compound : 

CrNH*  2SO4  12HaO. 

There  are  three  varieties  of  chromic  sulphate,  represented  as  follows : 

Red  insoluble  sulphate       ....    Cr,  3SO4 
Green  soluble  sulphate       ....    Cr,  3S0«,  5H,0 
Violet      „  „  .  .  .  .    Cr,  3SO4,  15H,0|. 


OBSOmO   OBXiOXZBB. 

Formula  CrjClg.    MoLBOuUkB  Wbioht  318. 

This  compound  may  be  obtained  in  the  anhydrous  condition  b^  passing  a  cuirent 
of  dry  chlorine  gas  over  an  intimate  mixture  of  chromium  sesqmoxide  and  charcoal 
heated  to  redness  in  a  porcelain  tube.  The  chloride  which  forms  sublimes  and  deposits 
in  the  cool  part  of  the  tube  in  crystalline  plates  of  a  violet  colour. 

The  crystals  are  quite  insoluble  in  cold  water;  but,  when  boiled,  a  green  solution 
is  formed  containing  a  trace  of  the  dichloride.  This  change  from  the  violet  insoluble 
condition  to  the  green  soluble  variety  is  attended  with  evolution  of  heat. 

The  crystals  of  chloride  above  described  are  also  not  attacked  by  sulphuric,  hydro- 
chloric, or  even  nitro-hydrochloric  acid. 

The  ffreen  hydrated  chromic  chloride  is  readily  formed  by  dissolving  chromic 
hydrate  m  hydrochloric  add,  or  by  boiling  the  chromates  of  lead  or  silver,  or  chromie 
acid  with  hydrochloric  add  in  the  presence  of  a  redudng  agent  such  as  aleobd  or 
sulphurous  acid. 

2CrO,  +  12HC1  -  Cr,Clg  +  6H,0  +  d^ 
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On  efspontion  of  the  solution  a  green  symp  retmlte ;  and  this,  heated  to  100^0. 
m  a  earrent  of  dir  air,  yields  a  mass  containing  Crfilf^iKfi ;  in  a  vacanm  the  solu- 
tion yields  Crs01^£[,0. 

A  oompound  of  chzomic  chloride  and  chromic  oxide  known  as  chlorochromic  oxide 
CrOtClt  is  fbrmed  when  equal  parts  of  potassium  dichromate  and  common  salt  are  dis- 
tilled with  one  and  a  half  times  their  combined  weight  of  sulphuric  acid ;  this  com- 
rad  passes  oyer  as  a  dark  red  vapour  which  condenses  into  a  liquid  like  bromine. 
10  parts  of  common  salt  may  be  previously  fused  with  17  parts  of  potassic 
ehromate ;  the  mass  is  then  broken  into  small  fragments  and  heated  in  a  retort,  with 
80  parts  of  oil  of  vitriol. 

Water  decomposes  chlorochromic  oxide  into  hydrochloric  and  chromic  acids,  just 
as  it  similarly  decomposes  chloromolybdic,  chlorotungstic,  and  chlorosulphuric  oxides. 

When  chlorochromic  oxide  is  dropped  into  strong  ammonia  it  solidifies  with  in- 
candescence^ and  it  sets  fire  to  alcohol,  owing  to  the  intense  heat  evolved  in  rhe  reaction. 

If  heated  to  180-190°  C,  it  is  resolved  into  a  dark-coloured,  deliquescent 
powder,  trichzomyl  dichloride,  0,01,00  or  SOrO^Ol,,  which  takes  fire  when  gentlv 
heated  in  hydrogen  gas,  being  resolved  into  chromium  sesquioxide,  hydrochloric  acid, 
and  water. 

2Cr,a,0,  ♦  lOH  -  30r,0,  +  4HC1  +  8H,0. 


GOLD. 

Symbol  At;.    Atokic  Wbioht  107.. 

BlsUMTj* — Gold  has  been  known  from  the  earliest  times  on  record,  and  bai 
always  been  regarded  as  the  king  of  metals  by  reason  of  the  properties  which  qnaliiy 
it  for  the  uses  to  which  it  is  applied.  The  estimation  in  which  the  alchemists  regafded 
this  metal  is  shown  by  the  continuous  vain  endeavours  they  made  to  tvansftmn  the 
baser  metals  into  gold. 

Ooourrenoe. — Gold  is  most  widely  distributed  in  nature,  and  oceuni  chiefly  in 
the  metallic  state,  sometimes  crystallised  in  cubes,  assooiated  with  quarts,  iron  oxids^ 
etc.  It  occurs  in  the  crystalline  rocks,  the  trachytic  and  trap  rocks,  and  alluTial 
deposits.  The  larger  masses  of  filiform,  arborescent  shapes  are  known  as  pepUas  or 
nuggets.  The  gold  dust  of  commerce  is  obtained  from  the  sands  of  yarious  riTen, 
and  is  separated  by  a  simple  process  of  washing.  Although  gold  occurs  in  .many 
parts  of  the  world,  being  found  for  instance  in  small  quantity  in  the  pyritic  forma- 
tions of  Wicklow  in  Ireland  and  in  Cornwall,  also  in  Hungary  and  Transylyania,  in 
Piedmont,  Spain,  China,  Japan  and  other  countries,  yet  the  large  supplies  are  now 
derived  from  California  and  Australia,  while  the  new  gold  field  of  British  Columbia 
is  also  very  productive.  Formerly  Brazil,  Hungary,  and  the  Ural  mountains  Aimished 
the  chief  supply. 

Native  gold  is  generally  associated  with  silver  in  a  greater  or  less  degree,  and 
the  percentage  of  gold  contained  in  the  native  alloy,  although  sometimes  as  low  as  28 
per  cent.,  is  usually  from  88  to  98  per  cent.  Thus  Californian  gold  averages  from 
87*5  to  88*5  per  cent.,  and  Australian  from  96  to  96*6  per  cent  gold.  In  certain  kinds 
of  iron  pyrites  the  amount  of  gold  is  but  a  few  dwts.  per  ton,  nevertheless  processes 
have  been  devised  for  the  profitable  extraction  of  even  these  small  quantities. 

Recently,  E.  Sonstadt  has  demonstrated  the  presence  of  minute  traces  of  gold  in 
sea  water. 

Oliaraotera. — Gold  is  of  a  fine  yellow  colour  and  metallic  lustre;  it  is  soft  and 
surpasses  all  other  heavy  metals  in  malleability,  the  thinnest  gold  leaf  being  of  no 
greater  thickness  than  ^^^^^i,  of  an  inch.  In  ductility  it  ranks  next  to  silver  and 
admits  of  drawing  into  wire. 

The  density  of  the  metal  is  196,  and  it  fuses  according  to  Becquerel  at  1037^C. 

Gold  is  one  of  the  best  conductors  of  heat  and  electricity,  and  suffers  no  change 
by  exposure  to  the  air  and  water ;  neither  is  it  attacked  by  tne  unmixed  acids,  but  it 
dissolves  readily  in  aqua  regia. 

Bztraotion. — ^Gold  is  obtained  by  two  distinct  processes  termed  placer  mining 
and  vein  mining,  both  of  which  consist  essentially  in  the  separation  of  the  metal  by 
mechanical  means  from  the  earthy  substances  with  which  it  is  associated. 

Placer  mining. — This  process  is  applied  to  the  metal  found  in  strata  of  clay,  sand 
and  gravel ;  it  is  as  follows.  Into  a  pan  made  of  stiff  tin  plate  or  sheet  iron,  having 
a  flat  bottom  of  about  12  in.  in  diameter,  and  whose  sides  are  from  5  to  6  in.  high, 
eloping  outwards  at  an  angle  of  45°,  is  charged  the  *  pay  dirt,'  as  it  is  termed,  so  as  to 
thi^  fourths  flU  the  pan.  The  pan  is  then  immersed  in  about  a  foot  depth  of  water, 
and  the  miner  by  working  the  contents  with  his  hands  and  shaking  from  time  to  time 
removes  the  clav  as  a  kind  of  thin  mud ;  the  light  sand  follows  the  clay,  while  the 
stones  and  pebbles  rest  on  the  top  of  the  finer  and  denser  gold  sand,  and  are  removed 
by  the  hands.  Finally  there  remains  only  gold  dust  and  a  certain  small  quantity  of 
black  magnetic  iron-sand,  to  get  rid  of  which  the  dust  is  dried  and  then  placed  m  a 
'blower'  or  shallow  tin  scoop  open  atone  end;  into  this  the  miner  blows,  shaking 
the  scoop  from  time  to  time,  and  he  thus  removes  the  black  iron-sand  which  is  carried 
away  in  the  current  of  air.  The  '  cradle,'  '  tom  '  and  '  puddling  box '  are  the  names 
which  have  been  given  to  other  pieces  of  apparatus  designed  and  used  for  the  same 
purposes  as  the  pan  just  described.  The  '  sluice '  is  the  form  of  washing  apparatus 
now  usually  employed  in  Cslifomia,  and  consists  virtually  of  a  long  wooden  trough, 
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tliroH^h  which  a  stroam  of  water  constantly  flows;  it  is  farther  provided  with 
Huitable  amngements  for  preyenting  the  gold  dust  from  being  carried  away  mecham- 
cally.  The  gold  remains  behind  lu  the  apparatus  employed,  or  it  is  caught  and 
amalgamated  with  mercury. 

Vem  mining. — The  quartz  bearing  gold  is  finely  powdered  and  is  then  placed  on 
the  rough  sur&ce  of  blankets  or  skins,  over  which  a  current  of  water  flows  ;  the  gold 
is  caught  in  this  way,  or  it  is  amalgamated  with  mercury.  The  most  usual  method 
of  arresting  very  fine  gold  is  to  amalgamate  the  surface  of  a  copper  plate,  and  to  allow 
the  water  containing  gold  dust  to  flow  over  it. 

From  the  amalgamated  gold  the  excess  of  mercury  is  removed  by  filtration  through 
a  prepared  skin,  and  what  remains  in  the  skin  is  then  subjected  to  distillation  in  a 
cast-iron  retort.  The  gold  so  obtained  is  usually  submitted  to  fusion,  for  the  purpose 
of  being  cast  into  ingots.  Br.  Wurtz  and  Mr.  Crookes  have  both  patented  the  use  of 
a  little  metallic  sodium  with  the  mercury  used  for  amalgamation  processes,  and  it  is 
said  to  be  beneficial  in  some  cases,  especially  where  the  gold  is  at  all  of  a  greasy 
nature. 

In  the  case  of  poor  ores  of  gold,  containing  sulphide  of  copper  and  iron,  etc.,  these 
are  first  allowed  to  disintegrate  and  oxidise  by  atmospheric  influences  or  are  washed, 
before  they  are  aubmitted  to  the  amalgamation  process.  Gold  which  has  been  treated 
by  amalgamation  ordinarily  contains  nothing  but  silver,  which  may  be  removed  by 
mtxic  acid,  if  the  proportion  of  silver  be  about  66  per  cent,  of  the  alloy ;  if  it  be 
below  this,  by  being  protected  by  the  gold  it  faila  to  dissolve  in  the  nitric  acid.  In 
such  cases,  therefore,  the  gold  must  first  be  alloyed  into  the  necessary  amount  of 
silver,  a  process  known  as  quariation. 

Gold  containinff  silver  and  copper  may  also  be  refined  by  boiling  repeatedly  with 
concentrated  sulphuric  acid ;  sulphates  of  silver  and  copper  are  thus  formed,  and 
sulphurous  anhydride  generated.  From  the  sulphuric  acid  solution,  the  silver  may 
be  regained  by  precipitation  with  copper. 

B^nina  qf  Allocs  containing  little  Gold, — The  alloy  is  melted,  granulated,  and 
treated  with  sulphuric  acid  in  the  way  above  described;  the  residual  gold,  still  contain- 
ing silver  and  some  copper,  is  melted  and  treated  in  the  manner  described  above  for 
alloys  containing  a  large  amount  of  gold. 

Fium  the  solutions  of  silver  sulphate  obtained  in  refining  operations,  silver  is  pre- 
cipitated bv  hanging  strips  of  copper  in  the  warm  diluted  solution,  the  silver  powder 
being  fin^y  melted  together. 

Parting  bt  Quabtation. — This  method  consists  in  forming  an  alloy  of  I  part  gold 
and  2  parts  silver,  granulating  it,  treating  and  boiling  the  granulated  alloy  with  pure 
nitric  add  of  sp.  gr.  1*345  for  five  hours,  in  stoneware  pots  placed  in  a  water  bath, 
the  whole  being  frequently  stirred.  The  undissolved  gold  is  allowed  to  settle  during  the 
night,  the  liquid  is  drawn  off,  and  the  treatment  wiUi  nitric  acid  repeated  in  the  same 
way  as  before.  The  liquid  from  the  second  operation  contains  very  little  silver,  and 
is  used  for  a  farther  quantity  of  the  alloy.  The  liquid  from  the  first  treatment  is 
treated  with  sodium  chloride,  to  separate  the  silver  as  chloride.  The  gold,  after  being 
washed,  is  pressed,  dried  and  melted. 

The  separation  of  gold  and  silver  by  means  of  aqua  regia  is  very  seldom  practised. 
It  depends  upon  the  fact  that,  when  alloys  of  the  two  metals  are  treated  with  aqua 
regia,  both  are  converted  into  chlorides,  and  the  gold  chloride  being  soluble  in  water, 
can  be  readily  separated  ftoia.  the  insoluble  silver  chloride. 

It  is,  however,  only  with  alloys  containing  very  little  silver  that  this  method  can 
be  adopted,  because  the  silver  chloride  forms  a  coating  upon  the  pieces  of  alloy,  and 
prevents  the  further  action  of  aqua  regia. 

Pure  gold  may  be  obtained  from  any  alloy  containing  it,  bv  solution  in  nitio-hydro- 
chloric  acid ;  separation  of  any  chloride  of  silver  by  filtration ;  evaporation  till  all 
acid  is  expelled ;  solution  of  the  residue  in  water  acidulated  with  hydrochloric  acid 
and  precipitation  with  ferrous  sulphate : 

6FeS0,  +  2  AuCl,  «  2(Fe,(S04).)  +  Fe,Cl«  ¥  Au, 

Metallic  ^Id  is  thus  obtained  as  a  fine  brown  powder,  which  when  suspended  in 
water  and  viewed  by  transmitted  light  is  of  a  purple  colour.  Silver  and  some  other 
metals  when  present  may  be  removed  from  gold  by  a  process  introduced  by  F.  B. 
Miller,  and  now  used  in  the  Royal  Mint.  This  consists  in  forcing  a  current  of  chlorine 
gaa  through  the  melted  metal ;  argentic  chloride  thus  forms  and  collects  upon  the 
iiirfSaee,  whilst  any  chlorides  of  arsenic,  antimony,  bismuth  and  zinc  that  may  result 
from  the  presence  of  these  metals,  are  volatilised. 

OompoiiBds* — Gold  forms  two  series  of  compounds,  termed  respectivaly  the 
tmnut  and  auric ;  in  the  first  of  tliese  it  \b  univalent,  and  in  the  latter  it  is  triviiler.t. 
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GK)ld  forms  two  oxides  Au^O  and  Au^O,,  and  two  chlorides  AuCl  and  AaCl, ; 
auric  bromide  AuBr,  is  also  known,  and  two  iodides  corresponding  to  the  chlorides. 
There  are  also  two  sulphides  Au^S^  and  Au^S,.  Hydrated  auric  oxide  combines  with 
the  alkalies  forming  salts  termed  anrates. 

When  dilute  gold  solutions  are  treated  with  stannous  chloride  a  brownish  purple 
precipitate  known  as  '  purple  of  Cassius '  is  formed.  It  is  this  compound  which  is 
employed  to  colour  the  red  glass  of  Bohemia,  and  for  enamel  painting.  The  oomposi- 
tion  of  the  precipitate  is  not  exactly  known,  but  after  ignition  it  consists  of  a  mixture 
of  stannic  oxide  and  metallic  gold.  Oxalic  add  slowly  reduces  gold  solutions  to  the 
metallic  state. 

The  alloys  of  gold  are  interesting  and  numerous.  The  most  useful  one  is  that 
which  it  forms  with  copper ;  it  is  of  a  redder  colour  than  pure  gold,  harder,  and  more 
fusible,  but  not  so  ductile  nor  so  malleable. 

British  standard  gold  contains  8*33  per  cent  of  copper,  and  has  a  specific  grarity 
of  17*157.  The  standard  gold  of  France  and  the  United  States  contains  10  per  cent 
of  copper. 

Silver  unites  with  gold  in  all  proportions  ;  giving  an  alloy  which  is  nearly  white 
when  the  two  medals  are  in  equal  proportions. 

Palladium  communicates  also  a  white  colour  to  gold,  but  renders  it  brittle. 

The  electrum  mentioned  by  Hiny  was  an  alloy  of  gold  and  silver,  containing, 
according  to  Elaproth,  66*7  per  cent,  gold  or  2  gold  to  1  silver.  A  native  amalgm 
of  gold  AujHg,  is  found  in  sniall  yellowish  crystals,  having  a  specific  gravity  of  15*47» 
in  the  native  mercury  of  Manposa  in  California. 

T.  H.  Henry  obtained  also  a  solid  amalgam  which  crystallised  in  shining  four- 
sided  prisms  of  great  lustre,  and  which  was  not  decomposed  by  boiling  nitric  add ; 
its  formula  proved  to  be  AugHg. 

Vses. — In  its  finelv  divided  state,  gold  is  used  for  gilding  porcelain  aztides. 
These  are  first  painted  with  an  adhesive  varnish,  and  after  partially  drying  are 
brushed  over  with  a  mixture  of  the  powdered  metal  with  some  fusible  enamel.  The 
articles  are  next  fired  and  the  gilt  portions  subsequently  burnished. 

The  fine  ruby  colour  possessed  by  Bohemian  red  glass  is  due  to  the  presence  of 
gold.  Of  course  the  great  use  of  gold  is  in  the  coinage  of  the  world,  while  it  is  also 
largely  used  in  the  fabrication  of  ornamental  articles. 

Gilding  upon  wood-work,  etc.,  is  effected  by  the  use  of  gold-leaf,  while  the  gilding 
of  metals  is  brought  about  by  the  use  of  aurous  potassic  cyanide  AuCyKGy,  or  of 
aurous  potassic  sulphide  AuKS,  as  in  the  operations  of  electro-silvering. 

Ghilding  on  copper  may  be  performed  by  immersion  of  the  articles  in  a  solution  of 
mercuric  nitrate,  and  then  shaking  them  with  a  soft  lump  of  gold  amalgamated  with 
mercury ;  in  this  way  the  articles  are  covered  with  a  film  of  the  amalgam  from  which 
the  mercury  may  be  expelled  by  heating. 


FoBicuiA  Au,0.    MoLBCuitAB  WniosT  409*2. 

This  compound  is  obtained  as  a  dark  green  powder  by  adding  a  dilute  solutioB  of 

£>tash  to  one  of  aurous  chloride.    It  is  slightly  soluble  in  excess  of  the  alkali ;  while 
gestion  with  ammonia  transforms  it  into  fulminating  gold.    Hydrochloric  acid  eon- 
verts  auzous  oxide  into  metallic  gold  and  auric  chloride.  . 


FoBXULi  Au,0^    MoLicuLAB  WnioHT  441*2. 

This  oxide  is  best  prepared,  by  adding  magnesia  to  a  solution  of  auric  chloride, 
which  gives  sparingly  soluble  aurate  of  magnesium ;  or  digesting  this  with  nitric 
add,  magnesia  is  removed  and  the  teroxide  of  gold  is  left  as  an  insoluble  reddish- 
yellow  powder.  If  the  nitric  add  employed  be  weak,  the  yellow  hydrate  Au^Og, 
8H,0  is  obtained,  but  if  strong  add  be  taken  then  the  anhydrous  brown  powder 
results.  It  is  reduced  both  by  heat  and  by  exposure  to  light ;  at  245^0  it  is  resolved 
into  gold  and  free  oxygen.  Although  soluble  in  nitric,  sulphuric,  and  hydrofluoric 
acids,  no  true  salts  are  formed,  because  on  dilution  with  water  the  teroxide  is  re- 
precipitated.  It  is  also  soluble  in  hydrochloric,  hydrobromic,  and  hydriodic  aeids. 
forming  auric  trichloride,  tribromide,  and  triodide. 

HySrated  auric  oxide  is  soluble  in  the  alkalies,  forming  salts  which  are  tennsd 
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anr  atef»  the  sdliitioiis  of  which  are  yellow,  and  may  be  used  for  electro-gilding 
purposes. 

Potanie  anrate  (KAnOx*  3H,0)  ciystallises  in  prellow  needles,  and  a  componnd  of 
this  with  add  snlpfaite  of  potassium,  or  potassium  aurosulphite,  is  also  known, 
2(EAuOs,  4KHS0s)^0.  Both  sodio-aurous  thiosulphite  and  bario-aurous  thiosul- 
phite  are  known  salts  (Na,Au(S,03)2.2H30)  and  BasAuaCSsOs)^. 


AVROVS   OHXiOBIBB. 

Fomcux^  AuCl.    Molbculab  Weight  232*1. 

AuroQS  chloride  is  obtained  as  a  yellowish  white  mass  insoluble  in  water,  when 
the  trichloride  is  kept  for  some  time  at  a  temperature  of  about  175^0 ;  under  these 
conditions  free  chlorine  is  generated. 

Eyen  in  the  cold,  and  more  quickly  when  hot,  water  decomposes  this  substance 
into  the  trichloride  and  metallic  gold.  At  about  200^0  aureus  chloride  gives  up  its 
Ghlorine. 


FoBinixA  AuCl,.    Molbculab  Weioht  303*1. 

This  is  by  far  the  most  important  compound  of  gold,  and  is  formed,  as  already 
stated,  when  gold  is  dissolved  in  nitro-hydrochloric  acid.  By  evaporating  the  solution 
St  a  low  temperature,  the  chloride  is  obtained  as  a  dark  red  deliquescent  mass.  It 
is  also  formed  as  a  sublimate  when  gold  leaf  is  heated  to  300°C  in  a  current  of  chlorine. 

Auric  chloride  is  soluble  in  water,  alcohol,  and  ether,  and  combines  with  a 
number  of  metallic  chlorides,  forming  double  salts  termed  chloro-aurates. 

Thus,  there  are  known  the  following  salts  among  others  ;  the  sodium  salt  NaCl, 
AuCly  2H,0 ;  the  potassium  salt  2(KC^,  AuCl,),  dHjO ;  and  the  ammonium  salt 
UH.Cl,  AuCn,,  H,0. 

Like  platinic  chloride,  it  also  combines  with  the  chlorides  of  organic  bases  and 
alkaloids,  but  from  the  ease  with  which  auric  chloride  is  reduced,  its  use  cannot  be 
Tecommended  so  strongly  for  these  purposes. 
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PLATINUM. 


Symbol  Pt.    Aiomc  Wbioht  197*1. 

History. — Platinum  was  first  recognised  as  a  distinct  metal,  by  an  aanjer  in 
Jamaica,  named  Wood,  who  pointed  oat  its  characteristics  in  1741. 

According  to  another  account,  the  metal  was  discovered  in  the  auriferous  sand  of 
the  rirer  Pinto  in  the  district  of  Choco  in  South  America,  by  a  Spanish  tmreller 
named  UUoa ;  it  deriyes  its  name  from  the  Spanish  word  '  Platina '  (meaning  '  little 
tUver*), 

Oooorrenoe. — Platinum  always  occurs  in  the  natiye  state  in  rounded  or  flattened 
grains  of  a  metallic  lustre,  which  contain,  besides  platinum,  the  following  other  metals: 
palladium,  rhodium,  ruthenium,  and  iridium. 

More  rarely  it  occurs  in  nodules  alloyed  with  gold,  and  traces  of  silrer,  and  with 
copper,  iron  and  lead. 

The  deposits  of  platinum  are  met  with  chiefly  in  valleys  traversing  serpentine,  and 
eveiTwhere  it  is  associated  with  the  debris  of  the  earlier  volcanic  formations.  It  is 
rarely  that  the  grains  of  native  ore  exceed  the  size  of  peas,  but  now  and  then  masses 
are  found  weighing  sometimes  as  much  as  twenty  pounds. 

Platinum  is  found  chiefly  in  Mexico,  Brazil,  and  the  Ural  Mountains,  besdes 
which  sources  it  has  been  met  with  in  California  and  Australia. 

The  largest  quantity  of  platinum  at  present  produced  comee  from  the  Ural 
districts,  and  is  worked  from  the  auriferous  sands  of  Kuschwa,  Nischne,  Tagil^  and 
Goroblagodat. 

Thirty-five  cwts.  of  the  metal  are  annually  afforded  by  Russia,  and  this  is  said  to 
be  five  times  the  total  amount  given  by  Brazil,  Borneo,  St.  Domingo,  and  the  States  of 
Ck)lumbia. 

The  native  grains  have  usually  a  grey  colour,  like  that  of  tarnished  steel,  the 
cavities  being  filled  with  earthy  or  ferruginous  material,  and  sometimes  grains  of  the 
magnetic  oxide  of  iron.  The  specific  gravity  of  these  native  grains  varies  from  15 
to  18*94,  which  latter  figure  relates  to  the  larger  specimen  of  M.  Humboldt  which 
weighed  more  than  2  ounces  avoirdupois. 

The  native  ore  contains  from  73  to  about  86  per  cent,  of  platinum ;  the  following 
analyses  are  by  Deville  and  Debray. 
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Platinum  has  only  been  known  in  Europe  since  1748,  and  was  at  first  introduced 
into  the  market  as  '  white  gold.' 

CliMraotera. — Platinum  is  a  very  white  metal  of  great  ductility  and  malleability, 
besides  which  it  is  the  heaviest  metal  known,  having  a  density  of  about  21*60;  u 
haidiiess  it  is  about  equal  to  copper. 
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Deville  and  Debray  state  that  platinum,  likesilyer,  has  the  power  of  absorbing 
oxygen  when  melted,  and,  if  in  considerable  masses,  spits  on  rapidly  cooling. 

In  the  state  of  very  fine  wire  the  metal  may  be  melted  in  an  ordinary  blowpipe 
flame ;  otherwise  the  heat  of  the  ozyhydrogen  flame  is  required  to  fuse  it 

Among  the  acids  aqnaregia  alone  attacks  it,  while  the  alkalies  and  their  carbonates 
have  an  action  upon,  it  only  at  elevated  temperatures, 

Under  the  influence  of  heat  it  expands  very  little,  and  is  inferior  to  gold,  and 
ranks  very  near  to  iron,  in  its  conductivity  of  heat  and  electricity. 

When  heated  with  phosphoms,  the  two  elements  readily  combine ;  sulphur  has  very 
much  less  attraction  for  it,  and  chlorine  no  action  upon  it. 

Platinum  has  a  remarkable  capacity  of  inducing  combination  of  gases  which  may 
be  presented  to  it ;  this  power  is  exhibited  in  a  faint  degree  by  bright  sur&ces  of  the 
metal,  but  much  more  strongly  by  spongy  platinum,  which  is  obtained  on  strong 
ignition  of  ammonio-platinio  chloride.  Piatinum  black  has  a  still  greater  power 
of  the  same  kind.  It  may  be  variously  prepared ;  as,  for  instance,  by  reduction  of 
platinic  chloride  solution  by  sodic  carbonate  and  sugar  on  boiling,  or  by  dissolving 
platinum  chloride  in  hot  caustic  potash  and  adding  alcohol  gradually  to  the  mixture. 

Platinum  in  this  state  is  like  lamp  black  in  appearance,  and  readily  absorbs  oxygen. 
The  power  of  finely  divided  platinum  to  cause  the  combination  of  hydrogen  and 
oxygen  has  btien  ascribed  to  the  power  of  the  metal  to  absorb  and  condense  into 
more  intimate  contact  the  respective  gases. 

Finely  divided  platinum  is  also  useful  in  effecting  the  decomposition  of  hydro- 
chloric acid  by  air  or  oxygen,  when  these  gases  are  passed  over  it  at  a  red  heat,  thus 
obtcdning  water  and  chlorine. 

Preparatton. — When  gold  is  present  in  sufiScient  quantity,  the  platinum  is  first 
subjected  to  a  process  of  amalgamation  in  order  to  remove  it,  after  which  the  ore  is 
generally  treated  by  a  method  devised  by  Wollaston. 

The  method  may  be  described  as  follows : — 

After  removing  the  gold,  the  ore  is  extracted  first  with  nitric  acid,  and  afterwards 
"with  hydrochloric  acid  in  order  to  free  it  from  the  more  oxidisable  metals.  It  is  then 
placed  in  carboys  or  stoneware  vessels  heated  on  a  sand  bath,  and  connected  with 
suitable  means  for  condensing  the  acid  vapours  generated  in  the  next  stage  of  the 
extraction.  This  consists  in  extracting  the  ore  with  aqua  regia,  always  keeping  the 
bydrochloric  acid  in  excess.  When  the  solution  of  the  ore  is  completed,  the  liquors 
sre  run  off  from  the  insoluble  osm iridium,  and  foreign  earthy  matters  allowed  to 
settle,  and  the  supernatant  solution  fully  precipitated  with  solution  of  sal-ammoniac, 
l^H^CI.  This  operation  requires  about  41  parts  of  the  salt  to  100  of  ore,  and  the 
salt  for  use  is  dissolved  in  5  times  its  weight  of  water.  The  precipitate  obtained  in 
this  way  is  the  double  salt  2NH4CI,  PtCl|,  which  is  but  sparingly  soluble. 

The  mother  liquors,  yet  containing  a  considerable  amount  of  platinum,  are  pre- 
cipitated by  bars  of  zinc  or  iron ;  this  operation  gives  a  black  deposit  containing 
platinum,  and  this,  on  re-solution  in  aqua  regia  and  precipitation  with  ammonic 
chloride,  gives  a  further  quantity  of  the  double  salt 

The  compound  chloride  is  then  heated  to  redness  in  black-lead  crucibles,  by  which 
means  the  ammonia  and  chlorine  are  expelled  and  metallic  platinum  left 

The  spongy  platinum  is  then  rubbed  between  the  hands  and  mixed  with  water 
intimately,  and  by  a  process  of  levigation,  the  lighter  non-metallic  impurities  are 
carried  away  ;  the  metal  then  remaining  \isually  retains  a  little  iridium.  While  in 
the  form  of  a  dense  mud,  it  is  poured  into  a  gun  metal  or  brass  cylinder  somewhat 
conical  in  furm  and  well  fitted  with  a  steel  piston,  and,  after  ramming  with  a  wooden 
piston,  the>  whole  mass  is  subjected  to  strong  pressure  by  means  of  the  steel  piston. 

The  discs  of  metal  obtained  in  this  way,  and  having  a  specific  gravity  of  about 
10,  are  next  exposed  to  a  strong  white  heat  in  a  wind  fum>ce,  and  the  ingot  forged  by 
hammering  until  rendered  homogeneous,  and  the  specific  gravity  is  about  21*5. 

When  a  metal  of  greater  purity  is  required,  a  modification  of  the  process  just 
described  is  employed. 

When  the  aqua  regia  solution  is  boiled,  chlorine  is  evolved,  and  the  palladium 
tetrachloride  is  reduced  to  dichloride,  which  remains  in  solution;  platinum  is  then 
precipitated,  not  by  ammonium  chloride,  but  by  chloride  of  potassium.  The  precipitate 
80  obtained  is  yellow,  when  pure,  but  red  if  iridium  be  present  After  washing 
it  with  dilute  solution  of  potussic  chloride,  it  is  ignited  with  twice  its  weight  of 
potassic  carbonate,  thus  obtaining  metallic  platinum,  while  at  least  a  part  of  tho 
iridium  is  left  as  teroxide  insoluble  in  the  aqua  regia,  which  is  afterwards  used  to  dis- 
solve the  platinum  freed  from  the  fused  mass  by  water. 

The  complete  removal  of  iridium  sometimes  necessitates  the  repetition  of  these 
processes  several  times,  after  which  the  aqua  regia  solution  of  platinum  is  precipitated 
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by  chloride  of  uiimoniaii],  and  the  apoogj  pUtinain,  obtamAd  on  ignitkin,  Inated  u 
nliead  J  stated. 

Even  thii  product  cootains  mull  qoaotitiei  of  amiiunaDd  silicon,  to  free  it  frau 
which  Berille  and  Dabmy  recommeDd  (he  fiiiioD  of  the  platianm  hj  meaiu  of  the 

"""^    "      " '       '  a  cavi^  fbrmed  id  a  maw  of  Ui         "" 


f  lime.     The  nlieoa  tfaea 


Fn.  Sg4. 

tlmush  which  a  miiture  of  ozygeo  gan  and  hydrDSen  or  carburetted  hydnigeD  i* 
BDMiljed  for  comboition  by  openil^tbe  cocks  (//and  i()  in  the  snpplj  tul»s  (ff)  and 
kh).  The  ongen  gas  is  supplied  through  the  tnbes  (hk)  nndbj  means  of  the  stuffing 
boies  («nt)  the;  can  be  moved  up  or  down  as  required.  The  handle  (c)  serves  for 
tilting  over  the  apparatus  when  the  melt«d  content)  are  run  ont  throngh  the  opening 
(d)  into  moulds. 

These  lame  chemists  also  porif;  platinum  bj  fusing  the  are  with  galena  in  a 
peverboretory  tnmitce.  The  lead  fonoB  an  alloy  with  the  platinum,  from  which  the 
lead  maj  be  rsmored  by  cupellation. 

V*«a.— Platinum  finds  eitensire  use  in  chemical  laboratories,  where  material  is 
otten  required  capable  of  withatBoditig  a  high  temperature  and  the  influence  of  straog 


these 


The  metal  is  also  strongly  employed  for  constructing  stills  osed  in  t 
Uon  of  oil  of  Titriol.  Bometimee  these  alembici  are  stroial;  gilt  on  th 
unless  protected  in  this  way,  the  platinum  made  by  Wollaston's  p 
becomes  porons  and  admits  of  the  transudatioD  of  the  acid. 

There  are  thirty-nine  platinum  Hlembice  in  use  «  twenty-sii  Snlphi 
France,  and  in  Germany  tbey  ore  also  much  used  ;  bat  they  are  not  nsei 
extent  in  England. 

Schentsr-Keatner  has  proved  that  platinum  is  slowly  dissolved  by  hot  Coocsn- 
tiated  sulphuric  ludd ;  and,  if  tracra  of  nitrous  compounds  are  pnssnt,  this  action 
becomes  more  serious. 

Platinum  contaiaing  a  little  iridium  is  not  nearly  »o  subject  to  the  action  of  >nl- 
phuiic  add  as  the  pure  metal,  but  such  impure  metal  is  far  harder  to  woA. 
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OompoeiidB* — ^Platmum  forms  two  series  of  oompoxmds ;  the  platinons  or  bi- 
Talant  oompoiindB  and  the  iplatinic  or  qaadrivalent  combinations. 

There  are  two  oxides,  PtO  and  PtO,;  two  chlorides,  PtCl,  and  PtOlf,  and  double 
combinations  of  these  with  the  chlorides  of  the  alkali  metals,  as  for  instance 
aKCLPtCl,;  2KClJ>t01,;  2Naa.PtCl46H,0 ;  and  2NH,01.PtCl4. 

The  bromides  and  iodides  are  analogous  to  the  chlorides  in  composition. 

There  are  also  two  sulphides,  PtS  and  PtS^  which  correspond  to  the  two  oxides. 

Sulphate  and  nitrate  of  platinum  are  also  known,  as  well  as  sulphite  PtSO,. 

Fuhninating  platinum  (Ft^H^N^  4H,0  ?),  as  it  is  called,  is  an  insoluble  black 
powder  obtained  by  dissolTing  ammonic  platinic  chloride  in  caustic  soda,  and  adding 
excess  of  acetic  add,  or  bj  precipitating  the  sulphate  with  ammonia.  At  200^  C. 
this  compound  suddenly  explodes. 

Besioee  the  foregoing  compounds,  a  large  number  of  ammoniacal  platinum  oom- 
ponnds  are  known,  whi(3i  cannot  be  more  than  mentioned  here. 

Thus  taking  R  to  indicate  a  univalent  radical,  series  of  combinations  are  known 
representable  by  the  formulte — 

2NH,JPt''B,  4NB[g.Pt^R. 

4NH,.Pt1l,  8NH,,Pt.,«'R,0" 

2NH,.Pt^B4 

Platinum  may  easily  be  alloyed  with  many  other  metals,  the  combinations  being 
usually  accompanied  by  evolution  of  light  and  heat. 

The  alloy,  with  10  or  12  parts  of  silver  to  one  of  platinum,  is  completely  soluble 
in  nitric  add. 

Copper  and  platinum  in  certain  proportions  form  a  brilliant  alloy,  while  the  alloy 
with  iron  is  malleable  and  lustrous. 

None  of  these  alloys  are  used  in  the  arts. 


FORMUIA  PtO.     MOLBCfUIAB  WmoHT  21 31. 

This  substance  is  obtained  on  digesting  platinous  chloride  in  a  solution  of  potash, 
and  predpitation  of  the  dark  green  solution  by  neutralisation  with  sulphuric  acid ;  it 
is  thus  thrown  down  as  a  black  hydrated  powder. 

This  oxide  is  also  formed  when  the  dioxide  is  heated  with  a  solution  of  oxalic 
ecid;  this  gives  a  dark  blue  solution,  which  deposits  fine  copper-red  needles  of 
platinous  oxide.    The  protoxide  is  soluble  in  adds  imd  alkalies. 

Platinous  sulphite  forms  several  double  salts  with  the  sulphites  of  the  alkali 
metals,  and  among  them  the  following  is  one  of  the  most  important — SE^SO,. 
PtS0,8H,0. 


91ULTZM10   OXZBB. 

FoBMXTUL  PtO^    MoLBCuiAB  Wbiobt  229*1. 

This  oxide  has  a  curious  tendency  to  combine  with  alkaline  bases.  It  may  be  pre- 
pared in  several  ways ;  best,  perhaps,  by  predpitating  a  solution  of  platinic  nitrate 
with  half  the  quantity  of  sodic  carbonate  necessarv  for  completeprecipitation.  Thus 
obtained,  platinic  oxide  is  a  voluminous  brown  hydrate  (PtO,,  2H,0) ;  on  heating,  the 
water  is  expelled,  and  on  ignition,  it  parts  with  i ts  o^gen,  also  leavinjg  metallic  platini^UL 

The  solutions  obtained  by  dissolving  the  dioxide  in  caustic  alkalies  give  on 
Cfystallisation  definite  compounds ;  among  them  there  is  Na,0,8PtO»6H,0. 

By  dissolving  this  oxide  in  adds  the  various  platinic  salts  may  be  obtained ;  they 
.m  of  a  reddish-yellow  brown  colour. 


FORMITI.^  PtCl,.      MOLRCULAB  WuOST   268' 1. 

Is  obtained  by  gentle  ignition  of  the  tetrachloride  at  235°  C,  when  chlorine  is 
expelled ;  the  rendue  is  of  an  olive  colour  and  is  insoluble  in  water,  but  dissolves  in 
warm  hydrochloric  add,  and  readily  in  caustic  potash. 
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It  may  alto  be  prepared  by  passing  a  curreat  of  solphnroos  aiihjdrid«  into  a 
solution  of  platinic  chlorido,  until  the  latter  no  lon^^r  giyes  a  precipitate  with 
nmmonic  chloride.  When  its  hydrochloric  acid  solution  is  mixed  with  potassic 
chloride,  there  is  deposited  a  red  crystalline  crop  of  2KCL  PtCl,. 

Such  compounds  as  the  latter,  of  which  there  are  a  great  number  known,  are 
termed  chloro-platinites  or  platinoso-chlorides. 


FoBirouL  PtCl^.    MoLBCiTLAJi  Wbioht  339*1. 

This  chloride  is  obtained  as  described  upon  the  pzeparation  of  the  metal ;  it  is  a 
deliquescent  salt  which  crystallises  in  prisms.  It  is  i^eadily  soluble  in  watei^  akohd, 
and  ether,  and  its  solutions  have  a  characteristic  orange  ooloor. 

On  evaporating  its  hydrochloric  acid  solution  oyer  lime  and  snlphnric  aoid,  than 
are  obtained  crystels  of  the  compound  2HC1,  PtCl«,  6H,0. 

Platinic  chloride  unites  with  a  great  number  of  metallic  chlorides,  forming  platino- 
chlorides  or  chloro-platinates.  Thus  beyond  the  ammoniacal  double  sak  and  the 
potassium  salt,  there  are  known  also  compounds  with  the  chlorides  of  magnesium, 
manganese,  zinc,  iron,  nickel,  cobalt,  cadmium,  copper,  etc 

Platinic  chloride  forms  definite  compounds  with  many  alkaloidal  bases,  and  with 
them  and  hydrochloric  acid  double  salts  of  the  hydrochlorides  of  the  bases  are  obtained. 

When  the  respective  chlorides  of  platinum  are  submitted  to  the  action  of  hjdrie 
sulphide,  or  the  sulphydzate  of  an  alkali  metal,  the  corresponding  sulphides  are  pro- 
duced. 

On  ignition  in  a  close  vessel  platinic  sulphide  PtS^  loses  half  its  sulphur,  and 
becomes  platinous  sulphide  PtS. 


Stxbol  Pd.    Atomic  Wbght  106*6. 

Palladium  was  discovered  in  1803  by  Wollaston,  and  obtained  from  platinum  ore. 
It  constitutes  about  1  per  cent  of  the  Columbian  ore  and  from  ^  to  1  per  cent,  the 
Uralian  ore  of  platinum,  occurring  in  loose  grains  of  a  steel-grey  colour  and  of  sp.  gr. 
11-8  to  1214. 

It  also  occurs  in  Brazil  as  an  alloy  with  gold,  in  many  varieties  of  which  it  is 
found. 

To  extract  the  metal  from  the  ore  of  platinum,  this  is  dissolved  in  nitrohydro- 
chloric  acid,  and  the  platinnm  removed  by  means  of  chloride  of  ammonium  as  de- 
scribed under  that  metal.  The  mother  li(^uor  is  then  precipitated  by  cyanide  of 
mercury,  when  the  palladium  cyanide  is  precipitated  as  a  pale  yellow  cyanide,  which 
yields  the  metal  on  ignition  ;  or  the  cyanide  may  be  roasted  with  sulphur ;  this  gives 
sulphide  of  palladium,  which  loses  its  sulphur  on  continued  roasting,  and  fiimishes  the 
metal. 

The  metal  may  be  also  obtained  from  the  gold  alloy  above  referred  to  by  the 
following  process.  The  alloy  is  melted  with  2  or  8  parts  of  silver,  granulated  and 
digested  in  nitric  acid  of  1*8  sp.  gr. ;  the  gold  does  not  dissolve,  while  the  p^ladium 
silver  goes  into  solution,  and  this  on  treatment  with  salt  gives  a  precipitate  ^argentic 
chloride. 

The  filtrate  is  concentrated  after  neutralisation  by  ammonia  and  yields  a  rose- 
coloured  salt  of  ammonio-chloride  of  palladium  in  long  silky  crystals.  These  yield 
40  per  cent,  of  metal  on  ignition. 

Instead  of  the  foregoing  proceeding,  after  precipitation  of  the  silver  as  chloride, 
the  following  modification  may  be  used. 

Bars  of  sine  are  introduced  into  the  solution  containing  palladium,  copper,  lead 
and  iron,  when  these  metals  are  precipitated  as  a  black  powder  upon  the  sine  The 
precipitate  is  next  dissolved  in  nitric  acid,  and  supersaturated  with  ammonia,  by 
which  means  the  copper  and  palladium  oxides  are  kept  in  solution,  while  the  othen 
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are  precipitated.  The  clear  mother  liquor  is  now  supersaturated  with  hydrochloric 
acid  which  throws  down  the  sparingly  soluble  yellow  double  chloride,  rdH^N^Cl,. 
This  on  ignition  gives  metallic  palladium. 

Palladium  is  a  very  hard  metal,  white,  ductile,  and  tenacious ;  more  fusible 
than  platinum,  and  more  oxidisable  than  silver,  tarnishing  in  the  air  at  ordinary 
temperatures.  According  to  Deville  and  Debray,  it  absorbs  oxygen  like  silver  does 
wlifn  melted,  and  spits  on  cooling.  If  heated  on  lime  before  the  oxy hydrogen  flame, 
it  is  dissipated  in  green  vapours. 

The  metal  is  soluble  in  nitric  or  nitro-hydrochloric  acids,  but  is  not  attacked  to 
any  great  degree  b^  other  acids. 

Palladium  exhibits  a  curious  power  of  absorption  of  hydrogen,  which  it  gives  out 
again  in  a  high  temperature. 

It  forms  a  carbide  by  holding  the  foil  in  a  smoky  flame. 

It  forms  apparently  three  oxides;  a  suboxide  Pd,0  corresponding  to  cuprous 
oxide,  and  like  it  forming  a  series  of  salts.  It  may  be  prepared  by  ignition  of  the 
hydrated  protoxide. 

The  protoxide  or  palladous  oxide  PdO  is  a  black  powder  obtained  by  igniting  the 
nitrate ;  as  a  hydrate  it  is  famished  by  precipitating  the  solution  of  a  palladous  salt 
by  an  alkaline  carbonate.  This  hydrated  oxide  is  brown  in  colour  and  loses  its  water 
on  heating. 

The  dioxide  PdO,  is  obtained  by  adding  caustic  potash  to  the  double  palladic- 
potassic  chloride  (2KC1,  PdClf) ;  it  forms  a  yellowish-brown  hydrate. 

Palladous  chloride  is  obtained  on  evaporating  to  dj^ess  a  solution  of  the 
metal  in  aqua  regia.  It  forms  brown  hydrated  ciystals  which  lose  their  water  on 
heating  and  become  black ;  on  stronger  ignition  the  metal  is  obtained.  It  forms 
double  salts  with  the  soluble  chlorides  and  a  series  of  ammonium  compounds  like 
those  of  platinum.  Thus  palladamine  PdH^N^O  is  obtained  from  the  salts 
PdHgNjCl^  and  is  a  powerfully  alkaline  base  forming  definite  salts. 

Pal  lad  ic  chloride  (PdOlf)  cannot  be  obtained  in  crystals,  but  it  forms  double 
Baits  which  are  crystalline.     The  compound  2EC1,  PdCl^  consists  of  ruby  red  prisms. 

The  iodide  Pdl,  may  be  obtained  as  a  black  powder  by  double  decomposition ;  it  is 
insoluble  in  water,  but  dissolves  in  ammonia. 

A  cyanide  PdCyj,  a  fluoride  PdF^  and  a  bromide  are  also  known. 

There  appear  to  exist  also  three  sulphides — palladous  sulphide  PdS;  palladic 
bisulphide  PdS,  (crystalline),  and  a  subsulphide  Pd^. 

Tne  protosulphide  is  prepared  by  heating  the  metal  with  sulphiir,  or  by  precipi- 
tating a  salt  of  palladium  with  sulphuretted  hydrogen. 

*  The  disulphide  is  obtained  on  fusing  the  monosulphide  with  potassic  carbonate 
and  sulphur. 

Palladous  sulphate  PdSO,  is  obtained  by  dissolving  the  oxide  in  sulphuric 
acid  or  decomposition  of  the  nitrate  thereby. 

The  nitrate  is  yielded  by  dissolving  the  metal  in  nitric  acid,  and  may  be  obtained 
In  rhombic  prisms. 

All  the  ordinary  salts  cf  palladium  when  in  the  state  of  solution  are  red  or 
l)rown. 

The  alloys  of  palladium. — Palladium  forms  alloys  with  antimony,  arsenic,  barium, 
copper,  bismuth,  gold,  iron,  lead,  nickel,  tin  and  platinum,  etc. 

The  alloy  with  gold  has  a  remarkably  whitoned  appearance  when  the  palladium 
amounts  to  20  per  cent  The  native  alloy  from  Porpez  contains  gold  85*98  per 
cent. ;  palladium  9*85  per  cent. ;  silver  4' 17  per  cent.  (Berzelius). 

With  eight  times  its  weight  of  tin  at  a  red  heat  palladium  forms  an  alloy  (Pd,Sn,) 
which  is  obtained  in  brilliant  laminae  on  digesting  the  mass  in  cold  hydrochloric 
acid. 

An  alloy  of  palladium  and  silver  is  sometimes  employed  for  making  surgical  in- 
struments, as  it  does  not  tarnish  in  the  air. 

Sometimes  also  the  metal  is  used  in  the  construction  of  astronomical  instruments 
and  accurate  balances,  on  account  of  the  whiteness,  hardness,  and  unalterability  of 
palladium  in  the  air. 

Faraday  and  Stodart  recommended  an  alloy  of  1  part  palladium  with  100  parts  of 
steel  as  one  well  adapted  for  cutting  instruments. 

The  WoUaston  medal  of  the  Geological  Society  was  formerly  made  of  palladium. 


Symbol  Ro.    Atoioc  Wbioht  104*3. 

This  metal  was  discorered  by  Wollaston  in  1803  in  the  ore  of  pladnam.  The 
plaliDam  ore  of  Antioquia  in  Columbia  contains  about  3  per  cent.  Rhodium 
also  occurs  in  the  Ural  ore  and  in  the  gold  alloj  of  Mexico. 

Under  the  head  of  palladium  has  been  described  the  method  by  which  that  metal 
is  extracted  from  platinum  ores  as  cyanide ;  in  the  mother  liquor  there  is  contained 
rhodium,  which  may  be  isolated  as  follows.  Hydrochloric  add  is  added  and  the 
whole  evaporated  to  dryness.  In  this  way  the  cyanogen  is  expelled  and  the  metallic 
salts  converted  into  chlorides.  The  dry  mass  is  powdered  and  extracted  with  alco- 
hol of  0*837  sp.  gr.,  in  which  operation  the  double  chlorides  of  sodium  with  platinum, 
iridium,  copper  and  mercury  are  dissolved,  while  that  with  rhodium  is  left  behind  as 
a  fine  dark  red  powder.  This  on  ignition  ^ves  the  metal,  or  the  latter  may  b*" 
obtained  from  the  double  chloride  by  treating  it  gently  in  a  glass  tube  in  a  stream  of 
hydrr)gen ;  on  then  washing  out  the  residual  sodic  chloride  the  metal  is  left  behind. 

More  recently  Deville  and  Debray  have  described  another  process  for  the  extrac- 
tion « if  rhodium. 

The  platinum  residues  are  fused  with  an  equal  weight  of  lead  and  twice  their  weight 
of  litha^.  In  this  way  a  button  of  lead  is  obtained  containing  all  the  metuls  less 
oxidisable  than  lead,  and  this  is  heated  with  nitric  acid  (1  :  1)»  which  removes, 
besides  the  lead,  the  copper  and  palladium.  The  insoluble  powder  is  mixed  with  five 
times  its  weight  of  peroxide  of  barium,  and  heated  to  redness  for  several  hours  in  a 
clay  crucible.  The  mass  is  then  hetited  with  water,  and  afterwards  with  aqua  regia 
to  remove  the  arsenic  acid.  Sulphuric  acid  is  next  added  to  exactly  precipitate  the 
barium,  the  liquid  boiled,  filter^,  and  evaporated  first  with  a  little  nitric  add  and 
afterwards  with  much  ammonic  chloride.  The  mass,  dry  at  lOO^C,  is  extracted  with 
a  concentrated  solution  of  chloride  of  ammonium,  which  dissolves  the  rhodium,  and  f^m 
the  solution  the  chloride  of  ammonium  is  expelled  by  evaporation.  Finally  nitno 
acid  is  added  and  the  evaporation  is  completed  in  a  porcelain  crucible.  The  mass  is 
now  moistened  with  sulphide  of  ammonia  mixed  with  sulphur,  and  ignited  for  some 
time,  when  metallic  rhodium  is  obtained. 

Rhodium  is  less  fusible  than  platinum,  but  oxidises  like  palladium.  In  appeaianoe 
it  resembles  aluminum,  and  when  pure  is  ductile  and  malleable  after  fusion.  Its 
density  is  then  12'1.  Rhodium  is  oxidised  by  fusion  with  a  mixture  of  nitre  and 
potassic  carbonate.  It  is  also  oxidised  by  acid  potassium  sulphate,  giving  a  doable 
sulphate  KR02SO4,  while  sulphurous  anhydride  escapes. 

Heated  in  contact  with  salt  in  a  stream  of  chlorine,  a  double  chloride  rsnlts, 
3NaCl,  RoCl,. 

Berzelius  and  others  have  contended  for  the  existence  of  three  chlorides,  but 
according  to  Claus,  there  is  but  one  definite  chloride,  viz.  the  one  with  the  composi- 
tion RoCl,.  It  may  be  obtained  anhydrous,  by  igniting  the  powdered  metal  in  ehlorine, 
and  as  thus  prepared  it  is  insoluble.  By  decomposing  potassic  rhodic  chloride  by  siiiro* 
fluoric  acid,  potassic  fluosilicate  is  formed,  and  may  be  filtered  off,  while  a  solution 
results  which,  on  evaporation,  gives  the  chloride  of  rhodium  as  a  red-brown  mass  of 
composition  RoCl,,  4H,0.  If  to  a  solution  of  rhodic  chloride  excess  of  ammonia 
be  added,  and  the  mixture  boiled,  a  yellow  compound  is  predpitated  which  may  be 
purified  by  re-crystallisadon ;  it  has  the  formula  RoCl„  5KH,.  When  ignited  the 
compound  yields  pure  rhodium. 

Kh  0  d  i  c  oxide  Eo,0,  is  the  only  oxide  which  gives  rise  to  salts.  It  is  produoed 
by  the  oxidation  of  the  metal  by  a  fused  mixture  of  nitre  and  potassic  carbonate. 

A  hydrate  Rofi^^Hfi  is  also  known  and  three  other  oxides — ^viz.  a  green-ooloured 
hydrate  of  the  oxide  RoO, ;  a  trioxide  RoO,  which  is  blue,  and  a  protoxide  RoO. 

Rhodium  when  heated  in  the  vapour  of  sulphur  gives  protosulphide  R08. 

The  sesquisulphide  Ro,S,  is  prepared  as  a  brown  hydrate  by  decomposing  a  hot 
solution  of  sodio-rhodic  chloride  with  potassic  or  sodic  sulphide. 

The  acetate  is  an  amorphous  orange-yellow  body,  whilst  the  nitrate  and  tnlphats 
are  both  crjrstalline.  Several  phosphates  and  a  cyanide  are  known.  The  salts  of 
rhodic  oxide  are  chiefiy  of  a  roee-red  colour  and  are  decomposed  by  iron  or  nne  with 
the  production  of  metallic  rhodium. 

Tke  alloys  of  rhodium,  so  far  as  they  have  been  studied,  appear  to  be  true  chemical 
compounds,  as  evidenced  by  the  heat  evolved  in  combination.  The  nne  alloy  resists 
the  a.nion  of  hydrochloric  acid.  The  alloy  with  tin  is  crystalline,  black,  ana  ftisiUt 
ouly  at  a  very  high  temperature. 
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A  nativB  alloy  of  gold  and  rhodimn  found  in  Mexico  contains  from  34  to  48  per 
cent  rhodium. 

An  alloj  made  from  1  part  of  rhodium  and  1  part  of  steel  has  a  specific  gravity 
of  9' 176,  and  is  of  fine  colour,  and  does  not  tarnish  in  the  air. 


SncBOL  Ku.   Atomic  Weioht  104*2. 

This  metal  was  first  shown  to  exist  hy  Olaus,  who  discovered  it  in  an  ore  of 
platinum.  Since  then  the  metal  and  its  compounds  have  been  carefully  examined  by 
Premy  and  Deville  and  Debray. 

It  is  found  chiefly  in  osm iridium,  which  contains  from  3  to  6  per  cent,  but  it 
ifl  not  found  in  that  part  of  the  platinum  ore  soluble  in  aqua  regia. 

From  this  last-mentioned  source  the  metal  may  be  extracted  after  the  method  of 
f^my.  After  exhausting  the  ore  with  aqua  regia,  the  residue  containing  osmium, 
iridium,  ruthenium,  and  rhodium,  together  sometimes  with  titaniferous  and  chrome 
iron,  is  roasted  in  a  current  of  diy  air  in  a  porcelain  or  platinum  tube.  The  tube  is 
connected  with  some  glass  flasks,  and  where  the  tube  projects  ftom  the  furnace  it  is 
plugged  with  some  fragments  of  porcelain. 

]>uring  the  oxidation  the  osmium  is  converted  into  tetroxide,  which,  owing  to  its 
superior  volatility,  is  carried  over  and  condensed  in  needles  in  the  glass  flasks,  while 
the  ruthenium  becomes  dioxide,  and  this  being  leak  volatile  deposits  in  regular  square 
prisms  upon  the  broken  porcelain.  By  heating  this  oxide  in  a  current  of  hydrogen, 
the  metal  is  obtained  as  a  dark  grey  powder. 

Ruthenium  is  a  very  hard,  brittle  metal,  which  is  difficultly  fusible  even  in  the 
oxyhydrogen  blowpipe.  DeviUe  and  Debray  have  assigned  a  sp.  gr.  of  11*0  to  11*4 
to  the  melted  metaL  By  fusion  with  nitre  and  caustic  potash,  the  metal  gives  an 
orange-coloured  soluble  ruthenate,  and  on  saturating  a  solution  of  this  salt  with 
chlorine,  there  is  obtained  hypor-ruthenic  acid  KUO4,  the  analogue  of  osmic  acid  OSO4 ; 
liyper-ruthenic  acid  is  volatile,  and  condenses  in  golden  crystals  or  globules. 

Devilleand  Debray  in  their  later  researches  have  employed  this  body  as  the  source 
of  their  purest  metal.  A  solution  of  hjper-ruthenic  acid  in  potash  gives  with 
alcohol  oxide  of  ruthenium  KuO.^  and  this,  on  reduction  with  coal  gas  at  an  elevated 
temperature,  yields  the  pure  metal.  When  obtained  from  one  of  its  ammoniacal 
chlorides  by  calcination  it  is  a  white  spongy  mass. 

Ruthenium  forms  five  oxides  with  the  formulse,  RuO,  Ru,0„  RuO,,  RuO,,  RUO4. 
The  higher  oxide  has  already  been  described ;  it  is  incapable  of  combination  with 
bases.  When  dropped  into  potash  it  is  dissolved  slowly,  oxygen  is  evolved,  and  a 
green  salt  crystallises  out  which  has  the  formula  KRujOg. 

The  oxide  RuO,  (ruthenic  anhydride  or  ruthenic  acid)  is  insoluble  in  water;  it 
may  be  obtained  on  fusing  any  of  the  other  oxides  with  nitre.  The  sesquioxide  is 
the  most  stable  basic  oxide  of  ruthenium,  and  is  prepared  by  igniting  the  metal  in  a 
current  of  air ;  it  is  of  a  deep  blue  colour  and  insoluble  in  acids.  As  a  hydrated  oxide 
Ru,0„  8H2O,  it  is  precipitated  from  the  trichloride  as  a  bulky  blackish-brown  powder 
which  forms  salts  with  acids. 

The  dioxide  RuOj  is  formed  by  roasting  the  disulphide,  or  by  strongly  igniting  the 
sulphate  RU2SO4. 

The  protoxide  is  prepared  by  calcining  the  dichloride  with  carbonate  of  sodium  in 
a  corrent  of  carbonic  anhydride  and  dissolving  out  the  soluble  part  of  the  product 
by  water.  This  oxide  is  of  a  dark  grey  colour  and  metallic  lustre,  and  is  not  acted 
upon  by  acids. 

Three  chlorides  of  ruthenium  are  known — viz.  RuClj*  RuCl,,  and  RuCl^. 

The  most  important  is  the  trichloride,  which  may  be  obtained  by  dissolving  the 
hydrated  sesquioxide  in  hydrochloric  acid ;  on  evaporation  there  results  a  yellowish 
crystalline  mass  of  the  salt  which  is  soluble  in  alcohol.  Not  only  does  this  chloride 
form  double  salts  with  the  chlorides  of  potassium  and  sodium,  but  also  a  number  of 
ammoniacal  basic  salts  corresponding  to  those  obtainable  from  platinic  chloride. 

Two  sulphides  of  ruthenium  are  known,  sesquisulphide  Ru^j,  and  a  disulphide 
BuSj.    The  first  of  these  is  obtained  by  conducting  sulphuretted  hydrogen  into  thft 
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blue  solntion  of  the  protochloride.  When  the  same  gas  is  passed  for  a  long  time  into 
a  solution  of  the  trichloride,  the  disulphide  is  formed  as  a  brown  yellow  precipitate. 

Two  allojs  of  ruthenium  are  well  known ;  one  with  zinc  which  crystallises  in 
regular  hexagonal  prisms  which  take  fire  when  heated  in  the  air  and  bum  with 
deflagration. 

The  alloy  of  tin  and  ruthenium  RuSn,  is  obtained  by  heating  ruthenium  to  redness 
with  about  ten  times  its  weight  of  tin,  in  a  graphite  crucible,  and  dissolying  out  the 
excess  of  tin  from  the  product  with  hydrochloric  acid.  The  alloy  is  thus  obtaiiied  in 
fine  cabic  crystals,  resembling  those  of  melted  bismuth. 


Stmboi.  Jr.    Atomic  Wbiost  198. 

History  and  Oooorrence. — Iridium  was  discovered  simultaneously  with 
osmium  by  Smithson  Tennant  in  1804  in  the  black  scales  which  remain  undissolYed 
when  platinum  ore  is  extracted  with  nitro-hydrochloric  acid.  The  same  alloy,  which 
is  known  as  iridosmine,  occurs  also  in  fiat  metallic  grains  in  native  platinuoL 

CliMraotera. — Iridium  is  a  hard,  white,  brittle  metal,  which  requires  tlie  heat  of 
the  oxyhydr(>gen  blowpipe  or  that  of  a  strong  voltaic  current  to  melt  it.  After  tomon 
it  has  a  density  of  21' 1 5.  When  heated  in  a  finely  divided  state  in  the  air,  it 
absorbs  oxygen,  but  is  not  oxidised  when  in  the  massive  state.  Alone  it  is  not  acted 
upon  by  acids  or  even  by  nitro-hydrochloric  acid,  but  when  alloyed  with  platinum 
aqua  regia  readily  dissolves  it. 

By  nision  with  nitre  or  caustic  alkalies  the  metal  is  oxidised.  By  decomposing 
a  solution  of  the  sulphate  with  alcohol,  iridium  may  be  obtained  as  a  black  powder, 
possessing  characters  corresponding  to  those  of  platinum  black. 

Preparation. — Iridium  may  be  prepared  most  easily  by  reducing  the  native  alloy 
to  powder,  mixing  it  with  common  salt,  and  heating  the  mixture  to  redness  in  a  glass 
tube,  through  which  a  stream  of  moist  chlorine  gas  is  transmitted  ;  to  the  extreme 
end  of  the  tube  a  receiver  containing  ammonia  is  attached.  In  this  way  the  respective 
chlorides  of  osmium  and  iridium  are  formed,  and  the  former  of  these  being  volatile 
is  carried  over  by  the  chlorine  into  the  alkaline  solution  by  which  it  is  decomposed, 
forming  osmic  acid  and  hydrochloric  acid,  which  then  combine  with  the  ammonia. 
The  chloride  of  iridium  remains  behind  in  the  tube,  and  is  dissolved  out  together  with 
sodic  chloride  by  water;  the  solution  thus  obtained  is  evaporated  with  sodium 
carbonate  to  dryness,  and  the  mixture  then  ignited.  After  this  the  mass  is  extracted 
with  water,  dried,  and  the  residue  of  ferric  oxide  and  oxide  of  iridium,  in  combination 
with  soda,  is  reduced  by  hydrogen  at  a  high  temperature.  By  extracting  the  residue 
with  water  and  strong  hydrochloric  acid  the  iron  and  alkali  are  removed,  and  there 
remains  metallic  iridium.  Or  the  metal  may  be  prepared  by  precipitating  ammonic 
iridic  chloride  from  the  solution  of  mixed  chlorides  above  described,  and  igniting  the 
precipitate.    But  the  metal  so  obtained  is  liable  to  be  contaminated  with  ruthenium. 

Componiids. — Iridium  forms  three  series  of  compounds  related  to  the  three 
oxides  as  follows.  Monoxide  or  hypoiridious  oxide,  IrO ;  iridious  or  sesquioxide,  Ir^O, ; 
and  iridic  oxide,  IrO,.  There  is  a  fourth  or  periridic  oxide,  IrO„  which  is  not  known 
in  the  free  state. 

The  monoxide  (IrO)  is  formed  when  an  alkaline  hypochloriridite  is  decomposed  by 
caustic  alkali  in  an  atmosphere  of  carbonic  anhydride.    It  quickly  oxidises  in  the  air. 

The  sesquioxide  (IrjO,)  is  formed  when  the  metal  is  oxidised  by  fusion  with  nitze 
or  caustic  alkali,  or  when  it  is  heated  in  a  pulverulent  state  in  the  air. 

According  to  Glaus,  a  hydrate  of  the  dioxide  (IrO,,  2H2O)  is  formed  on  boiling  a 
solution  of  iridic  trichloride  with  caustic  potash,  when  the  substance  is  precipitated 
as  an  indigo-coloured  powder.     On  ignition  it  becomes  anhydrous. 

There  are  three  chlorides  of  iridium  of  the  formulae  IrCl,,  Ir01„  and  IiCl^ ;  all 
these  form  double  salts  with  the  chlorides  of  the  alkali  metals. 

On  heating  the  double  salt  of  trichloride  of  iridium  (3EC1,  IrClg.  8H,0)  with 
bydrie  potassic  lolphite  in  wlution,  until  the  green  colour  passes  into  red,  and 
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•▼aporating  the  solataon,  the  dichloride  of  iridium  is  obtained  as  a  double  salt  in  red 
crystalB  4KC1.  IpOI^  2K^0,.  ItSO,.  12H,0, 

The  trichloride  is  the  most  stable  of  the  three  chlorides,  and  is  obtained  as  a  black 
sublimate  on  heating  the  metal  in  a  current  of  chlorine.  It  is  known  to  form  a  com- 
pound of  the  composition  2IrCl3.  SHgjCl,. 

The  tetrachloride  (IrCl|)  is  prepared  by  dissolving  the  metal  or  any  of  it«  oxides 
inaquangia. 

An  iridic  tribromide  (IrBr,,  ^H,0)  may  be  obtained  in  oliye  brown  crystals,  and 
three  iodides  are  known,  viz.,  Irl^  JtI^  and  Irl^. 

Correspoinding  to  the  three  principcd  oxides  there  are  three  sulphides  which  may 
be  obtained  by  decomposing  the  respective  chlorides  with  sulphuretted  hydrogen. 

The  alloys  of  iridium  are  very  interesting,  and  a  number  of  them  have  oeen  studied, 
such  as  those  with  gold,  copper,  lead,  mercury,  osmium,  platinum,  silver,  tin,  and 
ano. 

The  native  alloy  of  osmium  and  iridium  is  used,  by  reason  of  ita  hardness,  to  point 
metallic  pens. 


Symbol  Os.    Atomic  Weight  199-2. 

BisUiry  and  Ooonrrenoe. — Osmium,  as  stated  elsewhere,  was  discovered  in 
the  ore  of  platinum  in  1803  by  Tennant.  Its  most  plentiful  source  is  the  native 
oemiridium. 

Vrepaimtlon. — The  metal  may  be  extracted  firom  osmiridium  or  platinimi 
Indues,  resulting  after  extraction  of  the  ore  by  aqua  regia,  by  several  methods  which 
have  undergone  simplification  at  the  hands  of  Frem^.  Perhaps  the  simplest  process 
consists  in  preparing  the  tetroxide  of  osmium  as  described  under  '  Iridium,'  and  treating 
this  with  hydrochloric  acid  and  mercury  at  140°  C,  in  a  closed  vessel,  when  the 
following  reaction  results : — 

OSO4   +   8Hg  +   8HC1  =  Os   +   4Hg,Cl,   +   4H,0. 

On  evaporation  the  water  and  excess  of  acid  are  expelled,  and  by  distilling  the 
x^sidue  in  a  retort  the  mercury  and  calomel  pass  over,  leaving  pure  metallic  osmium 
in  a  pulverulent  form  behind. 

The  metal  may  also  be  obtained  by  igniting  ammoLium  chloro-osmite  with  sal- 
ammoniac. 

Oliaraotera. — The  properties  of  osmium  differ  somewhat  according  to  the  mode  of 
preparation.  When  in  the  pulverulent  state  it  is  black  and  only  acquires  a  metallic 
lYistre  by  burnishing.  When  exposed  to  a  damp  atmosphere  it  emits  an  odour  of  the 
tetroxide,  and,  when  set  on  fire  in  the  air,  it  bums  away  entirely  into  the  same  volatile 
body.  Osmium  which  has  been  once  heated  to  the  melting  point  of  rhodium  will  not 
bum  in  the  air,  until  heated  above  the  melting  point  of  zinc.  Devilie  and  Debray 
obtained  the  metal  in  a  compact  state  by  reduction  of  the  sulphide  with  gas  coke  in  a 
closed  retort  at  about  the  melting  point  of  nickel.  Obtained  thus  it  is  brittle,  and 
has  a  blue  cast  of  colour  like  that  of  metallic  zinc. 

In  the  pulverulent  state  the  metal  has  a  density  of  10,  but  after  heating  to  the 
melting  point  of  palladium  its  density  becomes  21*4.  Osmium  is  the  least  &ible  of 
all  metals,  and  possesses  characters  approaching  those  possessed  by  arsenic  and 
antimony. 

Combinatloiui. — Five  oxides  of  osmium  are  known  of  the  formulse  here  given : 
OsO,  OsjOg,  OsOj.  OsOy  and  OsO^. 

The  protoxide  is  obtained  by  heating  hypo-osmious  sulphite  in  carbonic  anhydride; 
it  is  a  dark  greenish  powder  almost  insoluble  in  acids ;  its  hydrate  is  bluish-black 
and  dissolves  in  hydrochloric  acid  forming  an  indigo-coloured  solution  of  the  di- 
chloride OsCl^ 

The  sesquioxide  (Os,0,)  is  unknown  in  the  free  state,  although  it  is  said  to  be 
obtained  by  heating  either  of  the  double  salts  of  the  trichloride  with  sodium  carbonate 
in  a  stream  of  carbonic  anhydride. 

The  dioxide  is  a  black  powder  obtained  by  heating  a  mixture  of  potassic  osmio' 
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chloride  with  sodic  carboiuite  in  carbonic  anhydride.  As  a  hydrate  (OsO,,  2H,0)it  is 
formed  on  precipitating  potassic  osmiochloride  with  potash. 

The  trioxide  is  only  known  in  combination  with  alkalies  as  osmites ;  the  potassium 
salt  is  K,O.OsO,.2H,0  and  ib  a  rose-coloured  crystalline  powder.  This  salt  is  readily 
obtained  on  heating  a  solution  of  the  tetroxide  in  potash  with  a  little  aloohoL  On 
digesting  the  salt  so  obtained  in  ammonic  chloride,  a  yellow  salt  is  obtained  of  ths 
composition  (2NH4CI,  OsO^  ^sHJ,  and  this  on  ignition  in  hydrogen  giyes  pore 
osmium. 

The  tetroxide  forms  colourless  acicular  transparent  crystals  which  melt  below 
100^  and  boil  at  a  temperature  somewhat  higner.  The  vapour  of  this  oxide  is 
irritating  and  excessively  poisonous.  Jt  is  a  powerful  oxidising  agent,  and  gives  a 
characteristic  blue  precipitate  when  its  solutions  are  mixed  with  tincture  of  galls.  It 
does  not  form  salts. 

Three  chlorides  of  osmium  are  known,  corresponding  to  those  of  iridium  and 
ruthenium.  Osmious  chloride  (OsCl,)  is  the  product  of  the  action  of  chlorine  gas  upon 
the  metal ;  it  dissolves  in  water  to  a  violet  colour,  and  gives  double  salts  of  a  green 
colour. 

The  tetrachloride  ^0sCl4>  is  produced  in  the  same  way  as  the  dichloride,  using 
excess  of  chlorine ;  it  is  a  volatile,  red,  crystalline,  fusible  powder  which  is  soluble  in 
water,  and  is  then  decomposed  into  tetroxide  and  hydrochloric  acid,  a  deoompositibn 
which  is  also  accompanied  by  the  deposition  of  some  dioxide. 

A  double  salt  of  the  formula  2KC1.  O8CI4  is  known,  and  also  one  represented  by 
(2AgCl.  OsClJ. 

The  trichloride  (OsCla)  and  the  hexachloride  (OsCl«)  are  only  known  in  combination 
as  double  salts. 

Osmium  giveR  with  ammonium  salts  a  number  of  interesting  combinations ;  thus 
when  the  tetroxide  is  heated  with  much  ammonia,  there  is  obtained  N,H«OsO,  H,0, 
and  if  potash  be  present  we  get  KJ^fiafi^  or  potassic  osmiamateas  it  is  called.  This 
is  a  yellow  crystalline  body  of  a  detonating  character. 

A  tetmsulphide  of  osmium  appears  to  be  the  best  known  sulphide ;  there  are  said 
to  be  others  corresponding  to  the  various  oxides,  and  obtained  by  decomposition  of  the 
chlorides  with  sulphuretted  hydrogen. 

Osmium  also  combines  with  phosphorus,  etc. 

The  native  alloy,  osmium-iridium  or  irodosmine,  gave  by  analysis  the  following 
percentages  (Berzelius) :  iridium  46*77;  osmium  49'35 ;  iron  0'74  ;  rhodium  3*15. 


IRON. 


Symbol  Fe.    Atoioo  Wuoht  56. 

Blstoirj'. — This  metal  was  known  at  a  very  remote  period,  and  many  of  the 
rsferences  to  it  in  ancient  writings  are  of  a  mythical  character.  The  Greek  and 
fioman  names—  x^v^  and  chalyha — are  considerisd  to  have  been  derived  from  the 
name  of  a  tribe  oi  people  that  lived  on  the  shores  of  the  Black  Sea,  and  were  especially 
skilled  in  the  art  of  working  iron,  or  that  form  of  the  metal  which  is  now  called 
iteeL 

OeemreBee. — Iron  occurs  naturally  to  some  extent  in  the  metallic  state,  consti> 
toting  the  chief  mass  of  some  meteorites,  while  in  others  it  is  disseminated  throughout 
an  es^thy  matrix.  Metallic  iron  also  occurs  associated  with  platinum  in  some  ferru- 
ginous deposits,  and  disseminated  through  the  mass  of  basaltic  rocks.  Meteoric  iron 
always  contains  nickel,  sometimes  also  cobalt,  copper,  chromium,  and  tin,  as  shown 
by  the  following  tabular  statement  of  analyses : 
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Iron  occurs,  however,  far  more  frequently  and  in  much  greater  abundance  in  various 
states  of  combination  with  oanrgen  as  magnetite,  hematite,  or  specular  iron. 

Compounds  of  ferrous  oxide  or  ferric  oxide  with  various  acid  oxides  also  occur 
abundantly :  the  carbonate  as  spathic  iron;  the  phosphates  as  vivianite,  dufre- 
nite,  and  in  several  other  minerals;  the  arsenates  as  shorodi  te  and  cube  ore,  etc. ; 
the  silicates  as  fayalite,  and  in  a  great  number  of  other  minerals;  the  titanate  as 
iserine,  ilmenite,  and  the  various  kinds  of  titaniferous  iron  ore;  the  chromate  as 
chrome- iron  ore  ;  the  tantalate  as  columbi  te;  the  tungstate  as  wolfram.  Iron 
also  occurs  in  various  states  of  combination  with  sulphur  as  pyrites,  and  with 
arsenic  as  arsenosiderite.  Iron  in  various  states  of  combination  is  likewise  very 
widely  distributed,  and  there  are  few  natural  bodies  in  which  this  metal  is  not  present 
to  some  extent.  It  exists  in  the  ashes  of  most  plants,  and  appears  to  be  an  essential 
oomtituent  of  the  blood  of  animals. 


I. — Iron  is  a  moderately  soft  metal,  resembling  silver  in  whiteness ; 
it  is  capable  of  acquiring  a  very  high  lustre  when  polished,  and  is  extremely  tenacious. 
The  specific  gravity  varies  from  7'6  to  8*  14,  according  to  the  mode  in  which  the 
metal  nas  been  worked.  The  crystalline  form  of  iron  is  either  the  cube,  octahedron, 
or  some  other  form  belonging  to  the  regular  system. 


542  IRON. 

Though  iron  is  the  most  abundant  of  the  heavy  metals,  and  is  mort  lazgely 
employed  in  the  arts,  it  is  very  rarely  met  with  in  a  state  of  absolute  chemical  purity. 
Owing  to  the  fact  that  it  readily  combines  with  or  retiiins  in  a  state  of  adnuztnre 
various  other  elementary  subst^mces,  such  as  carbon,  oxygen,  phosphorus,  sulphur, 
silicon,  etc.,  the  metallic  iron  ordinarily  used  contains  some  one  or  more  of  those 
substances  in  varying  amount,  and  the  physical  characters  of  the  metal  are  veiy 
materially  influenced  by  the  nature  as  well  as  the  proportion  of  the  admixtures  it 
contains.  It  is  to  this  circumstance  that  the  differences  between  the  three  forms  of  inm 
known  as  malleable  iron,  pig  iron,  and  steel,  are  referrible;  and  it  appears 
to  be  chiefly  the  amount  of  carbon  in  iron  which  determines  those  remarkable  difer- 
ences  in  virtue  of  which  iron  has  such  a  wide  range  of  applicability  to  a  great  variety 
of  purposes. 

The  distinction  between  the  three  kinds  of  iron  is  not  by  any  means  absolute,  but 
is  marked  rather  by  the  extent  to  which  particular  characters  are  developed  in  asso- 
ciation with  others.  Iron  containing  a  large  proportion  of  carbon  melts  at  a  tempera- 
ture comparatively  much  lower  than  that  required  for  melting  the  pure  metal ;  but 
at  the  same  time  its  malleability  is  so  much  inferior  to  that  of  iron  containing  only  a 
very  small  proportion  of  carbon,  that  it  cannot  be  wrought  under  the  hammer.  Iron 
which  contains  but  little  carbon,  and  is  malleable,  has  also  a  much  higher  degree  of 
toughness  or  tenacity  than  pig  iron,  which  on  the  other  hand  is  very  much  harder. 
On  account  of  these  differences  iron  which  approaches  nearest  to  a  state  of  purity 
is  termed  malleable  iron,  while  that  which  is  highly  carburetted  and  capable (i 
being  wrought  by  smelting  is  termed  cast  iron.  Intermediate  between  these  two 
kinds  of  iron  is  steel,  which  combines  some  of  the  peculiarities  of  malleable  iron  and 
cast  iron,  since  it  can  be  melted  as  well  as  forged  and  rendore<l  hard  or  sdft  at  will ; 
or,  as  it  is  technictilly  termed,  tempered,  by  cooling  it  suddenly  or  gradually. 

Leaving  out  of  consideration  for  the  present  all  other  substances  met  with  in  iron 
except  carbon,  it  appears  that  the  greater  or  less  approximation  to  the  character  of 
pure  iron  is  so  uniformly  accompanied  by  very  slight  differences  in  the  amount  of 
carbon  in  the  metal,  that  these  two  circumstances  must  be  regarded  as  having  a  vety 
intimate  causal  connection. 

Compounds. — Iron  forms  two  classes  of  compounds — namely,  the  ferrous  com- 
binations in  which  it  behaves  as  a  dyad,  as  in  ferrous  oxide,  or  the  corresponding 
sulphate  and  chloride  ;  and  the  ferric  compounds  in  which  iron  is  trivalent — for  ex- 
ample, ferric  chloride  (FejCl^). 

The  vapour  densitjr  of  this  last  named  substance,  as  determined  by  Deville,  would 
seem  to  indicate  that  in  ferric  chloride  the  metal  is  tetratomic ;  the  compound  would 
therefore  have  a  rational  formula  as  follows  : 

Cl,Fe— FeCl,. 

The  three  oxides  have  the  formulae  FeO  Fe^O,  and  Fe^O^,  and  the  sulphides  are 
represented  by  Fe^S,  FeS,  FeS,  F^,.  Iron  forms  apparently  two  other  sulphides  with 
the  formulae  Fe,Sg  and  Fe,S4.  The  former  of  these,  both  of  which  are  termed  mag- 
netic sulphides,  is  often  formed  together  with  ferrous  sulphide  when  sulphur  and  iron 
are  heated  together  ;  it  is  soluble  in  hvdrochloric  acid. 

There  are  two  chlorides  (FeCl,  and  FejCle)  and  corresponding  bromides,  iodides, 
and  fluorides ;  two  sulphates,  nitrates,  and  phosphates.  Ferrous  carbonate  (FeCO,)  is 
a  well-defined  body,  and  beyond  these  there  are  a  number  of  compounds  of  less  import- 
ance. 

Ferrous  oxalate,  2FeC204.  ZKfi,  is  occasionally  met  with  in  the  native  state, 
as  humboldite  or  iron-resin,  which  is  formed  in  the  brown-coal  strata.  It  may 
be  prepared  by  double  decomposition  or  by  exposing  ferric  oxalate  in  presence  of  free 
oxalic  acid  to  sunlight;  carbonic  anhydride  is  then  evolved,  and  ferrous  oxalate  is 
precipitated  in  a  crystalline  form  with  two  molecules  of  water. 

Ferric  oxalate,  which  is  a  yellow  salt,  nearly  insoluble  in  water,  may  also 
be  prepared  by  double  decomposition. 

Ferrous  hydric  phosphate,  Fe^HPO,,  is  precipitated  as  a  white  powder, 
when  a  solution  of  trisodic  phosphate  is  added  to  one  of  a  ferrous  salt. 

The  native  blue  phosphate  or  vivianite  has  been  already  spoken  of. 

A  ferric  phosphate,  Fe./TjO,  4HjO,  is  obtained  as  a  white  powder  by  precipi- 
tating ferric  chloride  by  an  alkaline  orthophosphate. 

Several  silicates  of  iron  exist,  notably  ferrous  orthosilicate  2FeO.  SiO„  which  con- 
stitutes for  the  most  part  *  finery  slag.' 

Ferrous  nitrate,  Fe2N0,,  results  from  the  action  of  cold  dilute  nitric  add 
upon  the  protosulphide  of  iron.  When  its  aqueous  solution  is  evaporated  in  a 
vacuum,  it  forms  pale  green  crystals  Fe2NO„6H20,  which  are  liable  to  change. 

Ferric  nitrate,  Fe3N0„  is  proluced  by  the  action  of  tolerably  strong  nitric 
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add  upon  the  metal ;  it  is  of  a  deep  red  colour,  and  its  solntion  is  used  as  a  mordant 
in  dyeing. 

Several  basic  nitrates  also  exist. 

Diferroas  phosphide,  Fe^,  is  prodnced  when  the  phosphate  is  rednced  with 
charcoal. 

Asilieide  of  thefbrmnla  Fe^i  also  is  known,  and  it  is  probable  that  the  compound 
Fel%  exists. 

A  nitride  of  the  composition  N^Fe^  was  obtained  by  Stahlschmidt. 

The  alloys  of  iron  are  not  of  great  importance,  although  snch  combinations  with 
most  of  the  metals  are  known.  When  iron  contains  more  than  traces  of  silver, 
copper,  arsenic,  or  antimony,  it  is  rendered  what  is  termed  red  short,  which 
qTMlity  is  considered  defective. 

Galyanised  iron  is  used  largely  for  roofing,  etc.,  and  is  prepared  by  immersing 
•  clean  sheet  iron  in  a  bath  of  molten  zinc ;  if  the  iron  be  first  coated  with  a  thin 
film  of  tin  b^  means  of  voltaic  deposition,  it  furnishes  a  superior  kind  of  galvanised 
iron.    The  one  protects  the  iron  fjK>m  oxidation. 

Deville  and  Oaron  obtained  an  alloy  of  the  formula  Fe^Sn,  and  another  of  the 
eompositioa  FeSn  is  also  known. 

Among  many  other  alloys  of  iron,  one  of  the  formula  Fe^K  has  been  also  de- 
•eribed. 


iOJTB   OXZBS. 

Formula  FeO.    Molbcuiab  Weight  72. 

This  oxide  constitutes  the  base  of  the  ferrous  salts,  and  is  isomorphous  with  mag- 
nesia, etc. 

It  is  obtained  as  a  hydrate  when  a  ferrous  salt  is  precipitated  by  an  alkali ;  in 
this  form  it  is  nearly  white,  but  on  boiling  tlie  mixture  water  is  given  ofi",  and  the 
precipitate  turns  black.  Ferrous  oxide,  from  its  affinity  for  oxygen,  is  an  unstable 
bodv ;  on  exposure  it  turns  reddish-brown  from  formation  of  ferric  oxide  Fe,0,.  This 
tendency  to  oxidation  is  also  exhibited  by  all  ferrous  solutions,  wliich  pass  on  expo- 
sure to  the  air  into  a  higher  state  of  oxidation — a  change  which  is  often  accompamed 
by  the  formation  of  insoluble  basic  salts.  Ferrou?  acetate  seems  to  admit  most 
readily  of  atmospheric  oxidation.    Ferric  acetate  is  of  a  blood-red  colour. 


EC    OZZDB. 

Formula  Fefi^.    Motjbcux.ar  Wright  160, 

■ — The  compounds  of  iron  with  oxyjjen,  thoujch  known  and  use<l  at  a  very 
remote  period,  were  not  fully  diHtinguished  from  each  other  as  regartls  their  chemical 
composition  until  the  end  of  the  eighteenth  century.  Iron  rust  was  used  by  JEsculapius 
medicinally,  and  foi^e  scale,  aKctpla  o-iS^pov,  was  described  by  Dioscorides  as  a  similar 
but  less  effective  remedy.  Bloo<!stone,  or  aifiarlrris,  was  also  mentionrd  by  this 
author,  and  it  was  regarded  by  Pliny  as  a  variety  of  sideritis,  or  magnetic  iron  ore. 
In  Oeber*s  works  red  oxido  of  iron  is  termed  crocus  martis,  while  liasil  Valentin  gave 
it  the  name  of  colcothar.  and  in  1735  the  black  oxide  was  known  by  the  name  of 
athiops  martis.  Schecle  was  the  first  to  indicate,  in  1777,  the  fact  that  in  these  sub- 
stances iron  was  combined  with  oxygen  in  different  proportions ;  this  view  was 
farther  developed  in  1782  by  Lavoisier,  and  finally  brought  to  its  present  position  by 
Beizelius. 

Oeeorrenoe.— Ferric  oxide  occurs  very  abundantly  in  a  variety  of  forms;  it 
occurs  beautifully  crystallised  as  specular  iron  ore  in  Elba  and  other  places.  As 
red  hematite  or  bloodstone  it  occurs  incompact  and  amorphous  miisses,  and 
constitutes  an  important  iron  ore.  There  are  several  native  hydrates  of  this  compound 
known  as  brown  hematite,  gothite,  and  bog  iron  ore. 

cmaraotera. — Ferric  oxide  is  not  so  powerful  a  base  as  ferrous  oxide ;  it  may 
be  prepared  by  precipitation  of  a  ferric  salt  in  solution  by  an  alkiili,  as  a  reddish- 
brown  bulky  hydrate  which  loses  its  water  on  ignition.  When  in  fine  powder  this 
oxide  has  a  fine  red  colour  which  renders  it  available  for  use  as  a  pigment,  and  it  is 
prepared  on  a  large  scale  for  this  purpose  by  calcination  of  ferrous  sulphate. 

The  hydrated  oxide  is  readily  soluble  in  acids ;  the  anhydrous  oxide  is  not  so 
readily  dissolved,  and  the  salts  formed  have  a  tendency  to  produce  basic  compounds. 
A  number  of  hydrates  of  this  oxide  are  known. 
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Mixed  with  sawdiurt,  hydrated  ferric  oxide  is  used  in  Hill's  process  for  tepara- 
tion  of  sulphuretted  hydrogen  from  coal  gas.  There  is  thus  produced  ferrous  sul- 
phide and  free  sulphur,  as  shown  by  the  following  equation : 

Fe,0,  +  3H^  =  2FeS  +  S  +  3HjO, 

and  when  the  product  is  exposed  to  the  air  (or  '  rarefied ')  ferric  oxide  is  reproduced, 
and  more  sulphur  therefore  set  free  ;  in  this  way  the  oxide  may  be  constantly  renewed. 
Ferric  oxide  plays  towards  some  bases  the  part  of  a  feeble  acid.  Thus  Pelouze  has 
described  a  compound  he  obtained  of  the  formula 

40aO,Fe,0^ 


VB&ROSO-raBSZC   or  MACUTBTZC   OXZBS. 

FoBMTTLA  Fe^Oi.    MouscuiAB  Wbioht  232. 

This  compound,  known  also  as  loadstone  and  black  oxide,  is  supposed  to  acquire 
its  magnetic  character  from  the  inductive  influence  of  the  earth.  In  its  various 
native  fbrms  occurring  in  beds  and  constituting  even  mountains,  sometimes  found  in 
Sweden,  America,  etc.,  it  constitutes  one  of  the  most  valuable  ores  of  iron. 

It  may  be  formed  artificially  by  mixing  due  proportions  of  ferrous  and  ftrric  salts, 
and  adding  to  the  mixed  solution  an  excess  of  alkali ;  on  boiling  the  two  hydrates 
combine  and  form  minute  crvstals  of  magnetic  oxide. 

If  recently  precipitated  hydrated  ferric  oxide  be  boiled  with  water  and  iron  turn- 
ings in  excess  added,  then  hydrogen  is  evolved  and  magnetic  oxide  is  produced.  It 
is  also  produced  when  metallic  iron  is  exposed  at  an  elevated  temperature  to  the 
presence  of  steam ;  in  this  way  at  600°F.  or  lOOO^F.  the  iron  becomes  coated  with 
magnetic  oxide  as  a  continuous  compact  layer  on  the  surface  not  liable  to  change  by 
atmospheric  influences  or  even  by  dilute  acids ;  and  Professor  Barfif  has  recently  pro- 
posed the  application  of  this  process  to  iron  goods,  such  as  rails,  cooking  utensils, 
lamp-posts,  gas-pipes,  etc.,  in  order  to  avoid  the  rusting  to  which  such  articles  are 
ordinarily  subject  when  exposed  to  a  damp  atmosphere. 

Magnetic  oxide  is  soluble  in  acids ;  it  does  not  form  specific  salts,  but  yields  a 
mixture  of  ferrous  and  ferric  salts,  thus 

FegO^  +  4H^04  »  FeSO^  +  Fe^SO^  +  4H,0. 


CC   AOZB. 

Formula  H^FeOf.    Molbcuiab  Wbioht  122. 

Although  this  compound  has  not  been  prepared  in  the  £ree  state,  its  barium, 
strontium,  and  calcium  salts  may  be  obtained  by  mixing  solutions  of  the  earths 
with  potassium  ferrate,  which  is  obtained  as  follows : 

A  mixture  of  ferric  oxide  with  four  times  its  weight  of  nitre,  is  heated  to  redness 
during  an  hour  in  a  covered  crucible,  and  the  resulting  brown  deliquescent  mass  is 
treated  with  ice-cold  water  which  gives  a  violet-coloured  solution  from  which  the 
potassic  ferrate  may  be  precipitated  by  a  strong  alkali. 

It  may  also  be  made  by  suspending  recently  precipitated  hydrated  ferric  oxide 
in  a  strong  solution  of  potash,  and  submitting  the  mixture  to  a  current  of  chlorine 
gas ;  it  is  then  deposited  as  an  amorphous  black  powder  which  can  be  drained  upon 
a  tile. 

Potassic  ferrate  is  an  unstable  salt  readily  decomposed  by  organic  matter,  or  by 
exposure  to  a  temperature  of  lOO^C ;  acids  resolve  it  into  free  oxygen  and  ferric 
ooode. 


^OV8   OBZiORZDa. 

FoBMDLA  FeCl,.    MoLBcuLAB  Wbiqht  127. 

This  salt  may  be  obtained  in  the  anhydrous  state  by  passing  hydrochloric  add 
gas  over  red-hot  iron,  hydrogen  being  evolved  Fe  +  2HC1  =  FeClj  +  H, ;  the  white 
salt  which  forms  sublimes  at  a  temperature  of  melting  glass. 

Ferrous  chloride  may  also  be  obtained  by  dissolving  iron  in  hydrochloric  acid ; 
the  concentrated  solution  yields  crystals  of  the  composition  FeCl^.  iH^O,  and  of  a 
green  colour. 

Ferrous  chloride  is  also  formed  when  ferric  chloride  is  heated  in  a  cuzrent  of 
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hjdrogen.  It  is  a  deliqnesceDt  salt,  soluble  in  water  and  alcohol,  and  liable  to 
undergo  atmospheric  oxidation.  When  heated  in  the  open  air,  it  loses  chlorine  and 
forms  ferric  oxide. 

Ferrous  chloride  forms  a  double  salt  with  ammonic  chloride. 


EC    CB&O&ZDS. 

Formula  Fe,Cl,.    Molbculab  WmoHT  325. 

This  salt  may  be  prepared  by  dissolving  ferric  oxide  in  hydrochloric  acid ;  on 
evaporation  of  the  solution  to  a  low  bulk,  red  hydrated  crystals  Fe,Cl«,  6H,0  are 
deposited,  which  are  exceedingly  soluble  in  water  and  alcohol.  It  may  be  prepared 
in  the  dry  state  by  passing  chlorine  over  iron  heated  to  redness.  The  salt  sublimes 
in  lustrous  scales;  it  also  crystallises  with  lOH^O  and  12H,0.  With  ammonic 
chloride  it  furnishes  a  double  salt  which  crystallises  in  cubes,  and  with  other  chlorides 
other  double  salts  are  obtained. 


VB&ROVS   ZODZDS. 

Formula  Fel,.    Molbcdlab  Wsioht  310. 

This  preparation,  which  is  used  in  medicine,  is  made  by  digesting  one  part  of  iron 
wire  in  water  containing  four  parts  by  weight  of  iodine.  The  iodide  thus  produced 
gives  to  the  solution  a  ^e  green  colour,  and  on  evaporation  in  vacuo  crystals  of  the 
composition  'Fel^^ILfi  are  obtained.  The  salt  may  be  rendered  anhydrous  by  heating, 
and  is  then  fusible.  By  atmospheric  oxidation  it  18  resolved  into  iodine  and*  hydrated 
ferric  oxyiodide. 


FoRMUiJk  FeS.     Molbculab  Wkioht  88. 

Oeonrrenoe* — Thin  »u))»ttinee  docs  not  occur  naturally  in  a  geparatc  state,  except 
in  liome  meteoriteei ;  I'Ut  it  occurs  combined  with  ferric  Kulphide,  as  pyrrhotin  or 
magnetic  pyrites,  dFeS,  Fe.^, ;  with  nickel  sulphide,  NiS2Fe:S;  with  untinionous 
sulfide  in  several  proportions,  as  berthierite  and  haidingerite;  with  zinc 
sulphide  in  some  kinds  of  blonde  and  in  some  kinds  of  fahl-ore.  Ferrous  bulphide 
is  a  constituent  of  the  different  kinds  of  regulus  obtained  in  smelting  ores  of  lead  and 
copper. 

Cliaraetersa — Ferrous  sulphide,  prepared  in  the  compact  state,  by  melting  to- 
gether iron  and  sulphur,  is  a  heavy  substance  of  a  yellowish  colour  and  metallic  lustre. 
As  obtained  by  mixing  a  solution  of  a  ferrous  salt  with  alkaline  sulphide,  it  is  black, 
amorphous,  pulverulent  and  is  probably  hydrated,  sometimes  presenting  a  distinct 
green  tinge  when  very  finely  divided.  Ferrous  sulphide  melts  at  a  full  red  heat  and 
is  not  decomposed  when  heated  to  whiteness  out  of  contact  with  air ;  but,  when  heated 
moderately  in  contact  with  atmospheric  air,  it  is  gradually  oxidised  and  converted 
into  ferrous  sulphate.  In  the  compact  state  it  is  but  little  altered  by  exposure  to  the 
air  at  the  ordinary  temperature  ;  but.  n^  "litained  by  precipitation  from  tin- solution  of 
ferrous  s;ilts  by  alkaline  sulphides,  it  oxidises  rapidly  when  exposed  to  the  air,  and 
is  converteil  into  ferrous  sulphate  which  by  further  oxidation  is  converted  into  basic 
ferric  sulphate. 

Ferrous  sulphide  is  readily  decomposed  by  acids,  generally  with  evolution  of  sul- 
phuretted hydrogen  and  formation  of  a  ferrous  salt :  nitric  acid  converts  part  of  the 
sulphur  into  sulphuric  acid  with  evolution  of  nitrous  vapours^,  and  part  of  the  sulphur 
is  precipitated.  Heated  to  redness  in  contact  with  water  vapour  it  is  decompose<l ; 
hydrogen  and  sulphuretted  hydrogen  are  given  off,  and  the  iron  remains  in  the  state 
of  ferroso-ferric  oxide,  which  retsiina  a  portion  of  tlie  sulphur.  Ferrous  sulphide  is 
not  affected  by  chlorine  at  the  ordinary  temperature,  but  when  heated  in  contact  with 
the  gas  it  is  converted  into  sulphur  chloride  and  ferric  cliloride.  When  melted  with 
alkalies,  alkaline  carbonates,  or  alkaline  earths,  it  is  partly  decomposed  and  some 
alkaline  or  earthy  sulphide  is  fonned  ;  melted  with  a  large  proportion  of  lead  oxide 
the  whole  of  the  sulphur  is  oxidisf-d  to  sulphurous  oxide,  metallic  lead  is  separated 
and  ferrous  oxide  formed,  which  remains  mixed  with  tlio  undecomposed  load  oxide. 

The  black  mud  deposited  at  the  bottom  of  drain-s,  cesspools,  ponds,  etc.,  where 
ferruginous  substances  are  in  contact  with  decomposing  organic  materials,  contains 
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ferrous  sulphide,  and  its  formation  is  probably  due  in  part  to  the  deoxidation  of 
sulphates  bj  the  putrefying  substances.  On  exposure  to  the  atmosphere  this  mud 
often  evolves  sulphuretted  hydrogen. 

Preparation. — Ferrous  sulphide  ma^  be  prepared  by  melting  together  sulphur 
and  some  excess  of  iron  filings,  or  by  holding  a  stick  of  sulphur  against  a  red-hot  bar 
of  iron.  When  a  mixture  of  iron  filings  and  sulphur  is  moistened  with  water,  and 
warmed,  combination  takes  place  suddenly  with  considerable  evolution  of  heat. 
Ferrous  sulphide  is  also  produced  when  dry  ferrous  sulphate  is  ignited  with  charcoal 
out  of  contact  with  air,  when  ferrous  sulphate  is  in  contact  with  decomposing  organic 
substances,  when  magnetic  pyrites,  ferric  sulphide,  or  iron  pyrites  are  heated  to 
bright  redness  in  contact  with  hydrogen,  or  with  metallic  iron  out  of  contact  with  air, 
and  by  precipitation  from  ferrous  salts  by  alkaline  sulphides. 


FoBicuiiA  Fe^.    MoLBCULAB  Wbioht  208. 

This  substance  is  probably  a  constituent  of  magnetic  pyritee,  copper  pyrites  and 
some  other  minerals,  but  it  does  not  otherwise  occur  naturally.  It  mav  be  prepared 
by  heating  iron  or  ferric  oxide  with  excess  of  sulphur ;  when  ferric  oxioe  is  used,  the 
operation  requires  to  be  repeated  several  times  in  oider  to  decompose  the  whole  of 
the  ferric  oxide. 

Ferric  sulphide  is  also  formed  by  the  action  of  sulphuretted  hydrogen  upon  ferric 
axide  at  100^,  or  upon  ferric  hydrate  at  the  ordinary  temperature,  and  by  dropTOng 
o  solution  of  neutral  ferric  sulphate  into  excess  of  ammonium  sulphydrate.  When 
dried  out  of  contact  with  air,  it  is  a  yellowish-grey  substance;  it  is  not  magnetic  when 
moist,  and  oxidises  very  rapidly  on  exposure ;  acicjs  decompose  it  with  formation  of  the 
corresponding  ferrous  salt,  disengaging  sulphuretted  hydrogen  and  precipitating 
sulphur.  When  heated  to  redness  in  a  close  vessel  sulphur  is  given  off,  and  the 
residue  consists  of  magnetic  pyrites.  Heated  in  contact  with  atmospheric  air  it  is 
oxidised  and  converted  into  ferric  oxide,  while  the  sulphur  is  chiefly  given  off  as 
sulphurous  oxide.  When  very  gradually  heated  some  ferrous  sulphide  is  formed, 
the  residue  having  a  composition  represented  by  the  formula  5FeS,  Fe^  Ferric 
sulphide  combines  with  alkaline  sulphides,  forming  substances  which  are  represented 
by  the  formulse  'Kfi,  Fe,S,  and  Na^,  ^^»  i  ^^7  ii^7  be  prepared  by  melting  a  mix- 
ture of  iron  filings,  sulphur  and  alkaline  carbonate,  and  afterwards  extracting  the  mass 
with  water. 


mo^rwaaao  sv&fbzbb. 

Formula.  FeS,  Fe^.    Molbculab  Wbioht  296. 

This  substance  occurs  naturally  as  one  of  the  varieties  of  pyrrhotin  or  magnetic 
pyrites,  or  hepatic  pyrites,  which  more  frequently  however  has  a  composition  corre* 
sponding  with  the  formula  Fe^g  — 5FeS.  Fe^,.  It  is  this  latter  substance  which  is 
obtained  by  heating  the  disulphide  or  ferric  sulphide  out  of  contact  with  air,  and  by 
heating  iron  filings  with  a  slight  excess  of  sulphur  till  the  mass  melts.  Magnetic 
pyrites  when  crystalline  presents  a  form  belonging  to  the  hexagonal  system,  but  it 
IS  frequently  compact,  granular,  or  amorphous.  The  colour  varies  from  bronse  yellow 
to  copper  red ;  as  prepared  artificially  it  has  a  brownish-yellow  colour.  The  specific 
gravity  varies  from  4 '51  to  4*64.  It  is  attracted  by  the  magnet.  When  heated  m 
a  close  vessel  it  is  not  altered ;  but  in  contact  with  atmospheric  air  it  is  oxidised,  gives 
off  sulphurous  oxide,  and  is  converted  into  ferric  oxide.  Heated  in  contact  with 
hydrogen  it  yields  sulphuretted  hydrogen,  and  is  converted  into  fbrrous  sulphide. 
It  is  (JUssolved  by  dilute  adds  with  separation  of  sulphur,  and  sulphuretted  hytuogen 
is  given  off. 


FoBMULA  FeS,.    Molbculab  Wbight  120. 

Bittonr. — The  various  kinds  of  pyrites  occurring  naturally  were  often  confounded 
together  by  the  ancients ;  and,  even  so  late  as  the  time  of  Agricola,  copper  pyrites 
and  iron  pyrites  were  regarded  as  being  merely  varieties  of  the  same  minenL 

OoeniTVBoe. — Iron  disulphide  occurs  very  abundantly  as  iron  pyrites,  of  winch 
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tbtm  an  two  dirtiDct  kinda  diffaring  in  colour  uid  crjBtAllins  form.  M  a  n  d  i  c  or 
jalloir  irva  inrriUfl  ciTBtalliies  in  cubes  or  aome  othBr  form  belonging  to  the  regolsr 
ij>t<m  i  it  un  ocean  in  compact  granular  or  flbroas  manes ;  it  is  opaque,  has  a 
uet&llie  luitze  and  a  bninn  yellow  colour:  th«  ipedflc  grarity  raries  bom  4'&B 
toCl. 

Harcaiita  or  wbit«  iron  pTrilea  eryatalliaM  in  rhombic  prisms,  but  ocean  also 
in  rrnnfirt  nrgnnnlnr  mnnsnn ;  it  has  a  pals  jeliowisb  grejcolonr  nod  metallic  lustre: 
thsspsciflc  gtBTitj  TBrie«  bom  4*Bfi  to  l*Sfi. 

The  following  table  gires  the  compodtion  of  tersial  kinds  of  iron  ra^tM  fnaa 
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Iron  disniphide  is  decomposed  when  heat«d  to  redness  id  a  dose  vessel,  and  by 
gJTing  off  thre«  Berenthf  of  iu  sulphur  is  converted  into  ferroso-fsrric  sulphide  Stfi, 
according  to  the  equation  : 

7PBS,-8a  -  PeA  or  6FeS,  FeA- 

When  heated  in  contact  with  atmospheric  air  it  bonia  with  the  blue  flame  of  sul- 
phur, at»d  is  gradually  conTirted  into  ferric  oiide,  while  snlphurous  oiide  is  giren  off. 

Yellow  iron  pyrites  in  a  cryatalliDe  or  compact  state  does  not  undergo  alteration 
when  eiposed  to  the  air,  and  the  artificially  prepared  disulphide  when  compact  is  but 
slowly  oxidised  in  the  presence  of  moisture  ;  but  white  iron  pyrites  ia  rapidly  oxidised, 
aid  when  the  yellow  variety  is  in  a  finely  divided  condition  it  is  also  oxidised  by 
Bnosure  to  the  air  at  ordinary  temperatures  with  considerable  evolution  of  heat-  It 
is  in  this  way  that  coal  is  somelimas  ignited  by  the  oxidation  of  iron  pyrites,  finely 
diiseminsted  throngtiout  its  masB.  The  same  alteration  of  iron  pyrites  by  atmospheric 
oxygen  takes  place  in  the  aluminous  shale  from  which  alum  is  made,  and  the  pyrites 
is  gradually  converted  into  ferrous  sulphate ;  imlphuric  acid  is  also  formed,  which  acta 
apon  the  aluminous  siticate  and  forms  aluminum  sulphate  (nee  p.  309).  When 
iron  iTTites  is  ignited  with  carbonaceon*  substances  carbon  bisulphide  ib  formed ; 
when  mixed  with  10  per  cent,  of  charcoal  and  sipossd  to  the  action  of  superheated 
steam  mixed  with  atmospheric  air,  the  whole  of  the  SDlphnr  ie  said  to  be  given  off 
partly  ac  snlpharett«d  hydrogen  and  gulphurons  oxide,  and  partly  in  the  &ee  slate, 
while  the  iron  remuns  either  m  the  metallie  state  or  as  ferric  oxide. 


FoMnru  FeS0,7H,0.    HouKtrui  Wiioot  278. 

Ferrous  sulphate  form*  pals  bluish-green  crystals,  sasily  soluble 
in  wal«r ;  It  has  a  ferruginous,  astringent  taste,  and  absorbs  oxygen  very  readily, 
both  in  ths  dry  state  and  in  solution,  with  formabon  of  basic  ferric  sulphate.  The 
colour  of  eommsidal  green  vitriol  is  oftsn  dark  green  or  greenish  brown,  owing  to 
the  presence  of  ferric  salL 
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For  many  purposes  it  is  more  advantageous  to  employ  the  pure  salt,  especially 
when  other  substances  are  to  be  reduced  by  it,  as,  for  instance,  in  the  reduction  and 
solution  of  indigo,  in  the  indigo  vat.  For  other  purposes,  as  in  the  preparation  of  a 
number  of  pigments,  an  impure  salt  containing  basic  ferric  oxide  is  preferable. 

On  heating  ferrous  sulphate  most  of  the  water  of  crystallisation  is  expelled,  but 
one  molecule  remains  even  at  260^0.  At  a  higher  temperature,  it  is  decomposed  as 
follows:  2FeS04  =  Fe20,  +  S03  +  80, ;  but  this  reaction  generally  takes  place  in  the 
presence  of  a  little  water,  so  that  the  distillate  consiets  of  a  thick  oily  liquid,  known 
as  '  Nordhauseu  acid.'  This  name  was  derived  from  Nordhausen,  at  which  place  the 
sulphuric  acid  of  commcrco  Wiis  made  by  the  same  method,  long  before  the  present 
mode  of  manufacture  was  introduced.  The  ferric  oxide  which  remains  after  the 
distillation  is  sold  under  the  mime  of  colcothar,  rouge  or  crocus  of  Mars,  and 
is  largely  usod  fur  gLuis  polishing  and  us  a  pigment. 

Ferrous  sulphate  forms  double  combinations  with  the  sulphates  of  the  alkali 
metals,  the  potassium  compound  being  FeSO^K^SO^GH^O,  and  has  the  power  of 
absorbing  nitric  oxide  in  common  with  other  ferrous  salts. 

Preparatloii. — For  preparing  pure  ferrous  sulphate,  iron  is  dissolved  in  dilute 
sulphuric  acid,  an  excess  of  iron  being  necessary  to  prevent  oxidation  ;  the  solution  is 
then  filtered  quickly,  rendered  slighdy  acid  by  the  addition  of  sulphuric  acid,  and 
eraporated  to  crystallisation.  The  addition  of  sulphuric  acid  to  the  filtered  solution, 
before  evaporating,  is  made  for  the  purpose  of  dissolving  up  any  basic  ferric  sulphate 
that  may  be  formed  by  the  action  of  the  air  upon  ferrous  sulphate  during  the  evapo- 
mtion.  Crystals  of  ferrous  sulphate,  in  order  to  keep  well,  must  be  perfectly  ory, 
but  the  drying  must  be  effected  without  the  application  of  heat,  owing  to  the  readi- 
ness with  which  ferrous  sulphate  oxidises  at  a  slightly  elevated  temperature.  The 
best  method  of  drying  the  crvstals  is  to  place  them  on  a  filter  and  wash  them  with 
alcohol.  Ferrous  sulphate  thus  prepared  keeps  much  better  than  that  prepared  in 
the  ordinary  way.  The  reason  is  that  the  ferric  sulphate  is  very  soluble  in  alcohol, 
which  dissolves  out  any  trace  of  that  salt ;  crystals  that  are  free  from  ferric  sulphate 
keep  well,  but  the  presence  of  a  mere  trace  of  ferric  salt  is  sufficient  to  cause  the 
whole  mass  to  pass  into  the  higher  oxidised  state. 

Ferrous  sulphate  may  be  prepared  in  a  very  pure  and  finely  divided  state  by  pre- 
cipitating a  concentrated  iiquet^us  solution  of  tbe  ^\t  with  alcohol,  filtering  nnd 
washing  tbe  procipitaittj  witli  alcdlml.     Thus  prepare«l  the  salt  keeps  well. 

Ferrous  sulphate  is  also  prepiircd  on  a  large  scale  by  dissolving  sct.ij)  iron  with 
warm  sulphuric  acid,  «pecific  gravity  of  I'loO,  in  vessels  lined  with  lead,  and  evapo- 
rating the  neutral  solution  until  a  portion  rapidly  cooled  deposits  a  sutficient  quantity 
of  solid  salt.  When  thiH  point  has  been  attiiined  the  evaporation  is  htoppwl,  the  liquid 
left  to  settle,  drawn  olf  from  the  sediment  into  large  tanks,  where  it  is  left  for  24 
hours  to  clear,  and  then  the  liquid  is  run  into  the  crystallising  vessels.  In  order 
to  facilitate  the  formation  of  good  crystals,  pieces  of  htring  or  straws  are  supported 
from  pieces  of  wood  laid  across  the  crystallising  vessels*,  so  as  to  dip  into  the  liquid, 
and  crystals  are  deposited  upon  them.  Sometimes  pieces  of  wood  are  used  in  the 
place  of  string.  When  the  crysbillisation  is  complete,  the  mother  liquor  is  drawn  off, 
the  crystals  removed,  washed  with  a  small  quantity  of  water,  and  dried.  The  crystals 
deposited  on  the  sides  of  the  vessels  are  separated  from  those  formed  in  the  midst  of 
the  solution,  which  are  purer. 

Large  quantities  of  green  vitriol  are  prepared  from  iron  pyrites,  partly  as  a  by- 
product of  the  alum  manufacture,  and  partly  in  the  manufiicture  of  sulphur  by  dis- 
tillation from  iron  pyrites;  it  is  al.so  formed  by  partly  roasting  iron  pyrites,  and 
then  exposing  it  to  the  action  of  the  atmosphere. 

When  the  iron  pyrites  contained  in  alum  slate  is  oxidised  by  roasting  or  weather- 
ing, ferrous  sulphate  is  fonned,  together  with  sulphuric  acid  and  sometimes  also 
sulphurous  acid.  Up(m  lixiviating  the  oxidised  mass,  ferrous  sulphate  is  dissolvecl, 
and  separated  i-ither  before  precipitation  of  the  alum,  or  afterwards  by  crystallisation 
from  the  mother  liquor. 

In  some  districts  sulphur  is  obtainetl  by  distillation  from  iron  pyrites,  the  disul- 
phide  of  iron  being  converted  into  sulphur  and  ferrous  sulphide,  which  remains  in  the 
retort. 

This  residue,  termed  sulphur  waste,  is  taken  out  and  laid  upon  shelves  slightly 
inclined,  where  it  is  allowed  to  remain  for  some  time  in  contact  with  the  air,  and  by 
oxidation  is  converted  into  ferrous  sulphate : 

FeS  +   40     =     FeSO^. 

Upon  lixiviating  the  weathered  mass  at  intervals,  the  ferrous  stdphate  dissolves 
out  and  is  obtained  in  the  crystalline  form  by  evaporating  the  solution.    In  suDI'j 
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Jistricts  the  lixiviation  is  effected  by  rain,  the  solution  thus  formed  being  collected  in 
a  Inrge  reseTvoir  placed  beneath  the  heap. 

Ferrous  sulphate  is  also  obtained  by  the  weathering  and  lixiviation  of  the  pyrites 
often  found  in  large  quantities  in  V)Oth  brown  coal  and  ortlinjiry  cwil. 

At  FahluD  ferrous  sulphate  is  obtained  as  a  by-product  of  the  extraction  of 
copper  from  mine  water  containing  cupric  sulphate,  copper  being  precipitated  in  the 
metiillic  state  by  means  of  iron,  while  ferrous  sulphate  is  formed,  and  can  bo  obtained 
by  evaporating  the  liquid. 

Ferrous  sulphate  is  also  obtained  as  a  by-product  in  the  preparation  of  sulphu- 
retted hydrogen,  which  is  used  in  large  quantities  in  some  sulphuric  acid  works  for 
precipitating  arsenic  (vide  page  137) : 

FeS  +   H^O^     -     FeSO^.   +  H^. 

The  solution  thus  obtained,  containing  ferrous  sulphate,  is  evaporated  to  a  specific 
gravity  of  1'357,  and  then  left  to  crystallise. 

Vses. — One  of  the  chief  uses  of  ferrous  sulphate  is  in  dyeing  textile  tissues, 
leather,  wood,  etc.,  for  various  black,  grey,  lilac,  and  brown  shades.  These  colours,  as 
'well  as  the  preparation  of  ordinary  writing-ink,  are  due  to  the  formation  of  com 
pounds  of  the  iron  and  salt  with  organic  substances.  Ferrous  sulphate  is  also  used 
as  a  mordant  for  producing  Prussian  blue  in  calico  printing.  After  conversion  into 
"basic  ferric  salt,  by  oxidation,  it  is  used  in  the  preparation  of  Nordhausen  sulphuric  for 
dissolving  indigo.  A  weak  aqueous  solution  of  ferrous  sulphate  is  said  to  be  useful 
in  preventing  the  chlorosis  of  plants.  Mixed  with  excremental  matter,  ferrous  sulphate 
converts  the  bad  smelling  volatile  substances  into  non- volatile  compounds,  and  thus 
serves  as  a  deodoriser ;  besides  which,  it  retains  volatile  ammonium  compounds,  such 
as  ammonium  carbonate  and  ammonium  sulphide,  by  converting  them  into  ammoniiim 
sulphate. 

PREPABATioir  OF  IiTK. — By  mixing  a  ferric  salt  with  a  solution  containing 
tannin,  such  as  a  decoction  of  nutgalls,  oak  bark,  or  similar  substances,  a  black 
liquid  is  produced,  which  results  from  the  formation  of  ferric  tannate,  that  is  sus- 
pended in  the  water  in  a  very  fine  state  of  division,  and  is  only  gradually  deposited 
as  a  black  precipitate.  When  a  solution  of  ferrous  sulphate  is  used,  the  black  colora- 
tion is  gradually  produced  in  proportion  as  air  is  allowed  to  mix  with  the  solution  and 
oxidise  the  ferrous  sulphate. 

When  a  liquid  prepared  as  above  is  mixed  with  some  mucilaginous  substance  such 
as  gum  arabic,  the  ferrie  tannate  remains  for  the  greater  part  permanently  sus- 
pended, and  ordinary  writing  ink  is  a  liquid  of  this  kind. 

Recipes  for  preparing  ink  are  numerous  enough.  The  best  ferruginous  inks  are 
prepared  with  nutgalls;  the  following  recipe  may  serve  as  an  illustration  : 

Broken  nutgalls 2  parts  by  weight. 

Ferrous  sulphate 1  part  „ 

Logwood  chips 0*15,,  „ 

Oum  arabic 1*2   „  „ 

River  wat«r 22  parts        „ 

Oil  of  lavender a  few  drops. 

The  galls  and  logwood  chips  are  macerated  for  24  or  36  hours  in  10  or  61 
parts  of  water,  and  then  boiled  for  2  hours,  water  being  added  in  proportion  as  it 
evaporates ;  the  decoction  is  then  strained  through  a  cloth  and  mixed  with  the  gum 
arabic  and  ferrous  sulphate,  each  previously  dissolved  in  2  or  3  litres  of  water.  The 
mixture  is  then  exposed  in  shallow  vessels  for  2  or  3  days  to  the  action  of  the  atmo- 
sphere, with  frequent  stirring,  so  as  to  oxidise  the  ferrous  salt  as  completely  as  pos- 
sible ;  lastly,  the  oil  of  lavender  is  added,  and  the  ink  preserved  for  use  in  well-closed 
bottles. 

Ink  is  generally  pale  at  first,  and  darkens  upon  drying  on  the  paper  in  proportion 
as  ferric  ^t  is  formed.  When  a  ferric  salt  is  employed  in  the  preparation,  the  ink 
does  not  fiow  readily  ftrom  the  pen.  Ink  of  this  kind  when  dry  is  insoluble  in  water, 
but  easily  soluble  in  dilute  hydrochloric  or  sulphuric  acid.  Chlorine  at  once  destroys 
its  colour. 

A  still  better  ink  is  said  to  be  obtained  as  follows :  4  parts  by  weight  of  nut- 
galls  are  covered  with  22  parts  by  weight  of  water,  and  allowed  to  remain  2  days 
under  frequent  stirring ;  the  nut^i^s  are  then  pressed,  and  the  liquid  exposed  in 
summer  for  two  months  to  the  action  of  the  atmosphere.  To  the  mass,  which  is  then 
covered  with  mould,  is  added  2  parts  of  ferrous  sulphate  and  1  part  of  gum  arabic, 
both  in  a  state  of  solution,  so  that  the  entire  quantity  of  ink  amounts  to  22  parts. 
Ink  thus  prepared  contains  ferrous  gallotannate,  which  is  black,  but  does  not  deposit ; 
another  excellent  feature  of  this  ink  is  that  it  does  not  become  mouldy. 
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A  very  cheap  kind  of  ink,  which  does  not  attack  steel  pens,  flows  well  from  the 
pen,  writes  at  once  black,  does  not  become  mouldy,  and  is  not  dissolyed  by  dilnte 
acids  like  ordinary  ink,  may  be  prepared  by  boilinff  125  parts  of  logwood  in  suffi- 
cient water  to  ft>rm  a  decoction  of  1,000  parts,  and  adding  when  cold  1  part  of  yellow 
potassium  chromate.  The  ink  thus  obtained  is  bluish  black,  forms  no  deposit,  flows 
well  firom  the  pen  without  any  addition  of  gum,  and  has  the  great  advantage  of  bong 
extremely  cheap. 

>  Sulphate  of  copper  may  also  be  substituted  with  advantage  fbr  sulphate  of  iron  in 
logwood  inks.  The  following  is  the  formula  for  such  an  ink,  given  in  proportions  for 
a  manufacturing  scale :  20  parts  by  weight  of  extract  of  logwood  are  ^asolved  in 
200  parts  of  water,  and  the  liquor  da^fled  by  subsidence  and  decantation.  A 
yellowish-brown  Jiquid  is  thus  obtained.  In  another  vessel  10  parts  of  ammoniaralun 
are  dissolved  in  20  parts  of  boiling  water.  The  two  solutions  are  mixed,  0*2  part  by 
weight  of  sulphuric  acid  is  added,  and  flnally  1*5  part  of  sulphate  of  copper.  The 
ink  should  be  exposed  to  the  air  for  a  few  days  to  acquire  a  good  colour,  after  which 
it  should  be  stored  in  well-corked  bottles. 

Alisarin  Ink, — This  ink  flows  well  from  the  pen,  and  does  not  form  any  deposit 
Wintemitz  describes  its  preparation  as  follows :  100  parts  of  nutsalls  are  digested 
with  1,200  parts  crude  wood  vinegar  for  several  days,  the  liquid  filtered  off  and  the 
nntgalls  washed  upon  the  fllter  with  a  quantity  of  wood  vinegar  sufficient  to  make 
up  1,200  parts.  In  this  liquid  is  then  dissolved  12  parts  ferrous  sulphate  and  60 
parts  gum  arabic,  indigo  carmine  being  added  until  the  entire  quantity  of  hquid  amounts 
to  1,500  parts. 

Leonhardi's  recipe  recommends,  for  preparing  alizarin  ink,  extracting  42  parts  nut- 
galls  and  3  parts  madder  with  hot  water,  sufficient  to  form  120  parts  (^  sedition,*  Altering 
and  adding  12  part  of  indigo  solution.  This  ink  admits  of  being  dried  and  trans- 
ported in  the  dry  state,  1  part  of  the  dry  ink  requiring  for  solution  6  parts  of  water. 

Copyinq  JMe, — This  consists  in  most  cases  of  ordinary  ink  to  which  a  oonsidezable 
quantity  of  sugar  or  gum  has  been  added. 

Red  ^jfc.— Boothe's  method  of  preparing  red  ink  consists  in  boiling  together  2 
ounces  of  brazil-wood  chips  with  ^  drachm  mlt  of  tin,  and  1  drachm  gum  arabic  with 
82  ounces  of  water.  The  whole  is  boiled  until  the  net  weight  amounts  to  16  ounces ; 
the  red  liquor  is  then  filtered  off. 

Other  kinds  of  red  ink  are  prepared  from  cochineal,  or  carmine,  generally  dis- 
solved by  the  aid  of  a  solution  of  ammonia. 

Blue  Ink. — ^Normandy's  is  made  by  triturating  together  1  drachm  salt  of  sorrel, 
8  drachms  Prussian  blue,  7  ounces  of  water,  and  1  drachm  gum  arabic  Nearly  all 
kinds  of  blue  ink  owe  their  colour  to  Prussian  blue. 
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FoBKULA  Fe^SSOf.    Molbculab  Wwobt  400. 

This  salt  is  found  native  in  considerable  quantities  in  Chili  ascoquimbite,as  a 
white  silky  mineral  or  as  powder  Fe^SSOfOH^O.  It  is  best  prepared  artificially  by 
mixing  ferrous  sulphate  with  sulphuric  acid  in  the  proportions  so  as  to  bring  up  the 
relation  of  the  one  to  the  other  to  that  form  in  whidi  they  exist  in  ferric  sulphate ; 
the  mixture  is  then  boiled  and  peroxidised  by  the  addition  of  nitric  add.  When  the 
solution  obtained  in  this  way  is  evaporated  sufficiently,  a  buff  coloured  ^maas  is  ob- 
tained, which  is  not  very  soluble  in  water ;  at  a  gentle  heat  die  salt  is  rendered 
anhydrous. 

with  the  sulphates  of  potassium  and  ammonium,  ferric  sulphate  forms  compounds 
of  the  form  and  constitution  of  alums ;  thus  we  have 

K^e,4S0424H,0,         and  2NH4.Fe,4S0424H,0. 

Several  basic  sulphates  of  iron  are  known. 


WU   OAmaOVATB. 

FoBKUui  FeCOc    MoiaoDUA  Whoht  lift. 

This  substance  occurs  in  nature  as  spathose  iron  ore  or  iron  spar  in  immense 
quantities,  forming  a  most  valuable  ore  of  iron ;  in  its  less  usual  condition  it  exists 
in  a  highly  crystalline  form  isomorphous  with  calc  spar.  Olay  iron  ore  is  another 
impure  form  of  ferioua  oaxbonate. 
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FenoiiB  carbonate  exists  in  many  mineral  waters,  being  held  in  solution  by  the 
excess  of  carbonic  anhydride ;  such  waters  deposit  ferric  oxide  on  exposure  and 
standing. 

When  ferrous  carbonate  is  strongly  heated  in  a  closed  yessel,  carbonic  anhydride 
and  carbonic  oxide  are  eyolved,  and  magnetic  oxide  remains  behind. 

SFeCO,     =     FcjO^  +  2C0,  +  CO. 

FenouB  carbonate  may  be  produced  by  precipitating  ferrous  salts  with  an  alkaline 
carbonate,  and  in  this  state  it  constitutes  a  whitish-green  precipitate  which  rapidly 
undergoes  atmospheric  oxidation,  losing  carbonic  anhydride  and  becoming  hydrated 
ferric  oxide. 


METALLURGY  OF  IRON. 

Iron  is  always  obtained  in  the  metallic  state  by  the  reduction  of  one  of  the  oxides, 
by  heating  either  in  contact  with  hydrogen  gas,  carbon,  carbonic  oxide,  or  some 
other  substance  capable  of  combining  with  oxygen.  When  this  reaction  takes  place 
at  a  moderate  temperature  the  metal  is  obtained  in  a  finely  divided  pulverulent  con- 
dition ;  in  this  state  it  is  pyrophoric  and  takes  fire  on  contact  with  atmospheric  air, 
being  oonyerted  into  ferric  oxide  or  magnetic  oxide.  When  the  reduction  is  effected 
at  a  full  red  heat,  the  metal  is  obtained  in  a  partially  coherent  state,  forming  a  porous 
spongy  mass  which  is  less  readily  oxidised. 

Owing  to  the  high  melting  point  of  pure  iron,  it  is  difficult  to  obtain  the  metal  in  a 
compact  state;  but  when  metsJlic  iron  is  intensely  heated  in  contact  with  carbon  or  carbu- 
retted  gases,  it  combines  with  the  carbon,  and  is  then  fusible  at  a  much  lower  tempe- 
rature than  pure  iron.  Since  carbon  is  the  reducing  agent  employed  in  smelting  iron 
ores,  the  metal  obtained  in  this  operation  always  contains  some  carbon,  and  from  its 
consequent  greater  fusibility  in  that  state  this  circumstance  is  an  important  means 
of  facilitating  the  manipulation  of  the  metal.  As  already  mentioned,  the  degree  of 
fusibility  of  carburetted  iron  depends  upon  the  proportion  of  carbon  in  the  metal, 
and  when  this  amounts  to  from  3  to  6  per  cent.,  the  metal  is  sufficiently  fusible*  to  be 
run  out  from  the  smelting  furnace  in  a  liquid  state  and  cast  in  moulds.  In  the  ex- 
traction of  iron  from  such  of  its  ores  as  are  suitable  for  raetallurgic  purposes,  and  as 
that  operation  is  now  chiefly  carried  out  in  iron-producing  countries,  the  metal  is 
always  obtained  in  the  first  instance  in  the  carburetted  state,  commonly  known 
ascrudeironor  pig  iron,  on  account  of  its  being  run  out  from  the  smelting  furnace 
into  ingot-shaped  masses. 

Theprocesses  comprised  in  the  smelting  of  iron  ores  by  this  method  are  : 

1.  The  separation  of  water,  carbonic  acid,  sulphur,  and  other  Tolatilisable  sub- 
stances by  the  action  of  the  heat  upon  the  ore,  so  as  to  bring  it  as  nearly  as  pos- 
sible to  the  condition  of  ferric  oxide  or  magnetic  oxide. 

2.  The  reduction  of  the  oxide  thus  prepared  to  the  metallic  state  by  the  action  of 
carbonic  oxide  under  the  influence  of  heat. 

3.  The  separation  of  the  earthy  substances  commonly  present  in  iron  ores,  from 
the  reduced  metal,  by  the  formation  of  compounds  of  Uiose  substances  which  are 
fusible  at  a  high  temperature,  as  slag. 

4.  The  carburation  and  melting  of  the  reduced  metal. 

The  operations  by  which  iron  ores  are  brought  to  a  condition  flt  for  being  smelted 
Taiy  according  to  the  nature  of  the  ore  worked.  Ii)  most  instances  the  preparation 
of  the  ore  is  effected  by  roasting,  and  sometimes  this  treatment  is  preceded  by 
a  mechanical  operation  of  washing.  The  only  ferruginous  minerals  that  are  suitable 
for  the  extraction  of  iron  are  the  several  oxides  and  the  carbonate,  all  of  which 
occur  naturally  in  great  abundance,  but  associated  with  varying  proportions  of 
silicious  or  earthy  minerals  and  other  admixtures  in  smaller  amount 

The  most  important  varieties  of  iron  ore  are  the  following : 

Magnetic  Iran  Ore. — This  mineral  consists  essentially  of  magnetic  oxide  of  iron 
and  is  known  by  the  name  of  magnetite  ;  when  pure  it  is  the  richest  of  all  the  iron 
ores,  containing  upwards  of  72  per  cent,  of  iron.  It  is  black  and  generally  has 
a  metallic  lustre,  occurring  both  crystalline  or  granular  and  compact,  or  even  earthy,  as 
well  as  in  the  state  of  sand.  In  many  localities  it  forms  beds  or  veins,  and  some- 
times enters  mountain  masses  associated  with  volcanic  or  schistose  rocks,  chiefly  in 
{Norway,  Sweden,  Siberia  and  North  America,  to  some  extent  also  in  the  west  of 
England,  and  at  Rosedale,  in  Yorkshire.  This  ore  is  sometimes  largely  mixed  with 
pyntes  and  other  sulphuretted  minerals.  The  mineral  known  as  Franklinite 
appears  to  be  a  variety  of  magnetic  iron  ore  in  which  ferrous  oxide  is  replaced  by 
anc  oxide. 
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Analyses  of  Magnetic  Ircn  Ore, 
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Hematite^  or  red  iron  ore. — This  mineral  consists  essentially  of  ferric  oxide  and  in 
the  purest  state  contains  70  per  cent,  of  iron.  It  occurs  in  yarious  states,  ciystalline, 
massive,  compact  and  earthy ;  very  often  the  lumps  of  ore  hare  a  radiating,  fibrous 
structure  and  smooth  nodular  surface;  in  this  form  it  is  known  as  kidney  ore. 
Hematite  also  forms  large  yeina  or  beds  associated  with  quarts,  calcspar  and  heavy 
spar.  Some  kinds  of  the  ore  are  hard,  others  soft  and  friable,  and  it  generally  con- 
tains a  vamng  amount  of  earthy  admixtures.  The  principal  deposits  of  hematite 
in  Great  Britain  are  in  Cumberland,  Lancashire,  the  Isle  of  Jifan,  Devonshire  and 
Cornwall.  On  the  Continent  it  occurs  chiefly  in  the  Harte,  Silesia,  Austria  and 
Norway.  A  peculiar  oolitic  hematite  occurs  in  the  neighbourhood  of  Li^.  Red 
ochre  is  an  earthy  variety  of  ferric  oxide  containing  a  large  proportion  of  day. 

Analyses  of  Red  Iron  Ore, 
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Speenlar  jron  ore  ivlao  consists  of  anhydrous  ferric  oxide  in  a  crystallised  state. 
Its  colour  varies  from  iron  grey  to  black.  Specific  gravity  4*8  to  5*3.  The  crystals 
of  this  mineral  belong  to  the  hexagonal  system.  Specular  iron  ore  occurs  chiefly  in 
schistose  rocks,  in  Norway,  the  Erzgebiige,  Russia,  and  several  parts  of  the  south  of 
Europe,  the  most  extensive  deposit  being  in  the  island  of  Elba,  where  it  has  been 
worked  for  upwards  of  3,000  years.  This  mineral  often  contains  titanic  oxide,  either 
m  the  form  of  rutile,  or  combined  with  the  ferric  oxide  constituting  ilmenite.  The 
presence  of  this  substance  was  formerly  considered  prejudicial  to  the  ore,  but  more 
recently  it  has  been  stated  that  the  presence  of  titanium  in  iron  ores  contributes,  in 
some  way  not  yet  understood,  to  the  production  of  good  iron. 

Brown  iron  ore  consists  essentially  of  hydrated  ferric  oxide,  and  is  sometimes  called 
brown  hematite.  In  the  pure  state  it  contains  69*89  per  cent,  of  iron  and  14*44 
per  cent,  of  combined  water.  It  is  sometimes  indistinctly  crystalline  or  fibrous ;  but 
more  generally  compact  or  earthy,  and  of  various  shades  of  colour  from  blackish-brown 
to  yellowish-brown.  This  ore  frequently  contains  a  considerable  amount  of  man- 
ganese oxides,  together  with  a  varying  proportion  of  earthy  admixtures.  It  occurs 
abundantly  in  the  Forest  of  Dean  in  Gloucestershire,  in  several  parts  of  Devonshire, 
Northamptonshire  and  Lincolnshire,  as  well  as  in  Weardale,  Durham,  where  it  has 
originated  chiefiy  by  the  alteration  of  spathic  iron  ore.  On  the  Continent  it  is  very 
abundant,  and  it  is  one  of  the  principal  ores  smelted  in  France.  A  very  large  deposit 
of  this  ore  occurs  in  the  carboniferous  limestone  in  the  neighbourhood  of  Bilbao  in 
Spain.  The  mine  of  Somorrostro  is  very  extensively  worked,  and  is  said  to  yield  as 
much  as  1,000  tons  of  ore  daily.  At  the  Oaldames  mine  there  is  a  mountain,  con- 
sisting entirely  of  iron  ore,  1,200  yards  long,  and  rising  about  1 70  yards  high  above  the 
river.  The  quantity  of  ore  actually  in  sight  is  estimated  at  from  sixty  to  seventy 
million  tons,  and  it  is  believed  that  there  is  three  or  four  times  that  quantity  of  ore 
to  be  obtained  at  this  place. 

Brown  hematite  also  occurs  in  lias,  oolite,  and  greensand  rocks  of  more  recent  date 
than  the  coal  measures,  but  then  it  is  often  less  pure  than  the  ore  found  in  older  rocks, 
which  is  frequently  a  product  of  the  oxidation  of  ferrous  carbonate. 

A  varie^  of  brown  iron  ore  known  under  the  name  ofbogironore  occurs  in  many 
places,  and  it  has  probably  been  formed  b^  deposition  from  ferruginous  water  under 
the  influence  of  living  organisms.  Some  kinds  of  this  ore  furnish  very  good  iron,  as 
for  instance  the  lake  ores  of  Sweden  and  Lower  Canada,  but  generally  the  amount  of 
phosphates  in  bog  iron  ore  is  so  large  as  to  render  it  useless  for  the  production  of 
malleable  iron. 

Yellow  ochre  is  an  argillaceous  variety  of  hydrated  ferric  oxide,  containing  more 
combined  water  than  brown  iron  ore,  together  with  basic  ferric  sulphate  and  sometimes 
also  silicate,  phosphate,  or  arsenate. 
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AnaUfses  of  Brown  Iron  Ore — oontinued. 
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Spathic  iron  ore  consists  essentially  of  ferrous  carbonate,  and  in  its  purest  state  it 
contains  48-27  per  cent,  of  iron.  It  is  generally  crystalline,  sometimes  presenting  dis- 
tinct crystals  ;  it  also  occurs  in  the  form  of  fibrous  nodular  masses  knoim  by  the  name 
of  sphaerosiderite.  It  varies  in  colour  from  white  to  yellow  or  brown,  and  is  reiy 
often  found  to  have  undergone  partial  conyersion  into  hydratod  ferric  oxide.  Spathic 
ore  occurs  as  veins  or  beds  in  the  older  rocks  and  associated  with  limestone 


iron 


strata ;  it  frequently  contains  manganous  carbonate,  calcic  carbonate,  or  magnesic  car- 
bonate, and  is  sometimes  associated  with  lead  or  copper  ore,  quartz,  fiuor  spar,  ealc  spar, 
heavy  spar,  etc    It  is  worked  in  this  country  chiefly  in  Durham  and  Somenetshire ; 
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inrat  it  ooenn  motre  frequently  and  in  great  abondanee,  the  chief  loealitiei 
.  tad  Westphalia,  -where  it  constitutes  entire  mountains,  and  has  long  been 
]d«r  the  name  of  steel  ore  for  yielding  rery  fine  qualities  of  irun  and 

Analyies  qf  Spaihie  Irom  Ore. 
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carbonate  mixed  with  clay  often  occurs  irith  beds  of  ooal  in  sedimentary 
is  then  known  under  the  name  of  clay  iroaore  or  argillaceous  sph»- 
This  ore  occurs  in  lenticular  masses  or  nodules  ;  it  is  compact  and  earthy, 

Jnalj/ses  qf  Clay  Iron  Ore  from  the  Coal  Afeaemres, 
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ladas  of  gray  or  brown,  and  sometimes  it  is  quite  black,  owing  to  the  admix- 
oDseeoua  material.    Clay  iron  ore  is  genmlly  very  abundant  in  the  ooal 
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measures,  but  in  some  instances  it  is  almost  wholly  wanting  in  those  rocks ;  as,  for 
instance,  in  the  coal  fields  of  Northumberland,  Durham,  Lancashire  and  Belgium.  The 
principal  localities  where  it  is  worked  in  this  country  iire  the  coal  fields  of  Scotland. 
StafTordshire,  Shropshire  and  Wales.  Clay  iron  ore  is  found  abundantly  in  America, 
and  also  to  some  extent  in  Franco  and  Germany. 


Ferric  oxide 

Pins 

Orains 

Gabbin 

White- 
stone 

Binte 

p^n« 

White- 
■tone 

Gabbin 

Dick 

SpOler 

Dick 

Tookej 

0-54 

0-13 

0-40 

004 

1-15 

0-43 

817 

8*82 

Ferrous  oxide 

45-35 

46-30 

45-86 

48-63 

30-96 

5204 

88-92 

49*40 

Manganous  oxide 

0-56 

1-44 

0-96 

1-29 

073 

0-92 

0-77 

0-86 

Alumina    . 

5-70 

4-80 

6*86 

3-64 

9-58 

4-98 

6-44 

3*05 

Lime. 

2-60 

0-76 

1-37 

445 

1-84 

0-53 

2-66 

0-86 

Magnesia  . 

1-26 

0-94 

1-85 

0-80 

311 

118 

4-48 

0*52 

Potash 

0*36 

Oil 

074 

0-32 

0-74 

0*80 

Silica 

10*63 

10-20 

10-88 

621 

26-50 

6*63 

18*28 

6-22 

Carbonic  acid     . 

30-21 

30-44 

3102 

3216 

22-13 

32*31 

26*89 

32  05 

Phosphoric  acid 

0-4P 

0-74 

0-21 

0-31 

0-26 

0-21 

036 

0-23 

Sulphuric  acid    . 

trace 

trace 

trace 

006 

trace 

trace 

— 

Zinc  sulphide     . 

1-27 

Iron  pyrites 

0-20 

007 

010 

0-16 

0-12 

0-13 

015 

018 

^-^'{c^SS^I  • 

1-64 

1-38 

1-08 

r  0-32 
I  1-23 

0*56 
1-83 

046 

0*42 
0-98 

0*87 
0*29 

Organic  substance 
Percentage  of  iron 

1-59 

1-14 

0*90 

0-28 

0-10 

0-61 

0*47 

0-54 

101-10 

98-43 

10009 

99-69 

99-61 

100-66 

99-61 

99*91 

36-74 

3614 

3599 

37-46 

24-88 

40-84 

28-87    4160 

Ponty- 
pool 

Blae- 
naron 

Car- 
narron 

Aberdare 

Aber- 
cam 

Uandly 

Balls 

Black 
pin 

Sol- 

phury 

mine 

Coal  brass 

BlaQkbasd 

Rfl^ 

Dick 

Price  and 
Nididson 

Bat- 
clilTe 

Price 

raw 

caldned 

Ferric  oxide 

0-60 

0*45 

0-34 

— 

4-10 

— 

80-00 

Ferrous  oxide 

•                • 

44-50 

41-22 

40*30 

3707 

42-64 

43-37 

43-30 

^— 

Manganous  oxidi 
Manganic  oxide 

B 

0-73 

107 

103 

0-23 

0-26 

1  1-50 

r  1*08 

}  1-80 

Alumina    . 

5*96 

4-88 

7-90 

6-50 

— 

— 

Lime. 

2-05 

2-89 

1-44 

6-61 

6-24 

300 

1*26 

210 

Magnesia  . 

3-26 

3-68 

2-94 

7-40 

5-26 

025 

207 

4-45 

Soda. 

0-13 

— 

— 

Potash 

— 

0-48 

0-82 

0-32 

— 

Silica 

10-81 

11-60 

14-43 

0-80 

720 

10*61 

Carbonic  acid 

30-92 

30-07 

28-23 

3714 

36-89 

30-50 

28*46 

— — 

Phosphoric  acid . 

0-23 

0-76 

0-23 

0  17 

trace 

0*67 

1*08 

Sulphuric  acid   . 

trace 

trace 

— 

— 

— 

— 

Sulphur     . 

— 

— 

1*56 

0*26 

— 

lion  pyrites 

0-11 

0-15 

009 

trace 

0*22 

— 

— . 

— 

Clay  . 

— 

— 

2-70 

— 

~> 

~^ 

— 

^«^'!^s?:^"- 

0-76 

1-21 

0-74 

0-27 
0-81 

— 

— 

Organic  substance 

0-21 

0-82 

0-29 

9*80 

8-87 

6-25 

1610 

100-16 

99-28 

08*55 

101-18 

99-55 

98-78 

100*00 

99-99 

Percentage  of  m 

m      . 

34-96 

32*44 

31-63 

28-88 

3317 

36-4 

88*68 

66*00 

ARGILLACEOUS  IKON  ORE. 
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A  variety  of  clay  iron  ore  known  as  black  band,  and  containing  from  10  to  16  or 
20  per  cent,  of  coaly  substance,  occurs  as  thin  layers  in  the  coal  measures  of  Scotland 
and  some  parts  of  England  and  Wales. 


Scotch  Blockband 

Colqahoun 

Ferric  oxide 

Ferrous  oxide    . 

Manganous  oxide 

Alumina 

Lime. 

Magnesia  . 

Silica 

Carbonic  acid    . 

Sulphur 

^'^"iteS^"^ : 

Organic  substance 

46-84 
0-20 
2-63 
1-90 
5-90 
7-83 

33-63 

1-86 

0-33 

38*80 

0-07 

6-20 

6-30 

6-70 

10-87 

30-76 

0-16 

1-87 

1-16 
35-22 

6-34 
8-62 
519 
9-56 
32-63 
0-62 

213 

0*23 
5303 

0-68 
3-38 

1*77 
1-40 

36-17 
363 

0-47 
43-73 

5-13 
2-10 
2-77 
9-70 
32-24 
0-20 

1-50 

1-16 
36-22 

6-34 
8-62 
5-19 
9-66 
3263 
062 

213 

0-23 
63-82 

1-61 

0-28 

2-00 

34-39 

7-70 

2*72 
4077 

0-90 

0*72 

1010 

26*41 

I  00 
17-38 

99-20 

99*26  100-37 

97-84 

100-37 

100-03 

10000 

Percentage  of  iron 

■ 

28-40 

30-00 

28-40 

40-90 

34-00 

28  40 

41-60 

34-60 

Clay  iron  ore  also  occurs  abundantly  in  strata  belonging  to  the  Lias  series,  as  well 
as  the  oolitic  and  tertiary  series  of  rocks  ;  sometimes  it  is  partially  or  wholly  converted 
into  brown  iron  ore  by  atmospheric  oxidation.  This  kind  of  ore  is  now  worked  on  a 
large  scale  in  the  Cleveland  district  in  Yorkshire. 


Ferric  oxide 

1 

Middle*, 
boro* 

Hutton 
Cro8s 

Nnb 

Up- 
l<>tith»uii 

B<»lmont 

Grw- 
mont 

^        !  North- 

Percy 

Crowder 

Percy 

Pattln- 
8on 

1 
Dick    ' 

1 

2-8G 

4-25 

1-20 

0-80 

3-50 

2-60 

3-31 

Ferroos  oxide 

1  43-02 

40-86 

40-35 

38-25 

3900 

40-77 

38  06 

33-29  1 

Manganous  oxide 

!     0-40 

1-30 

067 

0  74 

1-11  1 

Alumina    . 

5-87 

3-44 

9-88     12-20 

7-46 

1-32 

5-92 

789 

Zinc  oxide . 

6-14 

3-80 

058 

600 

7-44 

4-08 

7-77 

050 

Msgnesia  . 

5-21 

3-70 

5-35 

2-40 

3-82 

5-34 

416 

11*77  i 

Potash 

— 

— 

— 

0-20, 

Silica 

7-17 

7-20 

7-65 

7-45 

9*46 

8-80 

10-36 

19-40  i 

Carbonic  acid 

25-50 

32-50 

22-96 

25-40 

2306 

31-80 

2200 

24*79  j 

Pbwphoric  acid . 

1-81 

0-96 

3-87 

0-50 

1-60 

006 

107 

0*22' 

Sulphuric  acid    . 

0-30 

■ — 

trace 

trace 

trace  | 

Iron  pvrites 

— 

1-60 

000 

trace 

— 

014 

013- 

Water|^y*'T?«!SP'^'     * 
icombined 

'     0-34 
3-14 

}  1*45 

507 

3-00 

3-66 

2-70 

4-45 

i     54 

Organic  substance 
Percentage  of  iron 

0-15 

— 

— 

0-08 

100-61 

1 

100-06 

10000 

100-00 

100*30 

95*54 

97-27 

103-32! 

1 

1  35-46 

34-7r> 

34-54 

38-81 

32-78 

31-71 

31-42 

18*28 

The  various  kinds  of  argillaceous  iron  ore  are  frequently  accompanied  by  other 
minerals,  either  metalliferous,  sulphuretted,  arsenical,  or  phosphcitic,  and  the  proportion 
of  such  admixtures  is  sometimes  so  large  as  to  detract  from  the  value  of  the  ore  for 
iron  smelting;  but,  generally  speaking,  argillaceous  iron  ore  is  sufficiently  pure  to 
ftimish  iron  of  good  quality. 

The  mechanical  treatment  to  which  iron  ore  is  subjected  l»efore  being  smelted  is 
generally  more  simple  than  in  the  case  with  other  ores.     In  this  country  it  is  rarely 
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vequisite  to  do  more  than  break  the  masses  of  ore  into  lumps  of  tolerably  nnitem  siie 
in  order  to  secure  the  regular  working  of  the  smelting  furnaces. 

With  poor  argillaceous  brown  iron  ore,  such  as  is  used  in  znany  Gontiiiental 
districts  for  iron  smelting,  it  is  necessary  to  separate  the  adhering  sand  and  day  by 
a  preliminary  operation  of  crushing  and  washing.  A  simple  washing  arrangement 
is  to  allow  a  current  of  water  to  pass  through  the  ore,  which  is  kept  a^tated  in  a 
cylindrical  trough  by  means  of  a  revolving  horizontal  shaft  provided  with  paddles. 
In  this  way  the  clean  ore  is  deposited,  whilst  the  lighter  eaithy  material  is  carried 
away  in  a  fine  state  of  division  suspended  in  the  water  that  runs  off 

With  some  kinds  of  iron  ore  it  is  found  often  advantageous  to  expose  them  to  the 
action  of  atmospheric  air,  by  which  they  undergo  oxidation  and  other  changes.  This 
is  termed  weathering,  and  in  this  way  the  shale  adhering  to  such  ores  as  the  argilla- 
ceous ores  of  the  coal  measures  becomes  disintegrated  and  easily  detached ;  in  like 
manner  the  sulphuretted  minerals — e.g,  copper,  iron,  and  magnetic  pyrites — are  oxidised 
and  give  rise  to  soluble  sulphates  which  can  be  removed  by  washing  with  water.  In 
addition  to  the  removal  of  the  sulphur,  the  iron  becomes  peroxidised  and  the  mass  is 
rendered  much  more  porous.  It  is  important  when  weathering  ores  to  stop  the  action 
when  it  has  advanced  &r  enough  for  the  object  desired,  so  as  to  avoid  unneeeasazy 
disintegration. 

Iron  ore  is  seldom  smelted  in  a  raw  state,  but  is  generally  roasted  beforehand.  The 
chemical  changes  effected  by  calcination  over  and  above  the  disintegration  of  the  ore 
consist  chiefly  in  the  separation  of  water,  carbonic  acid,  and  bituminous  material  when 
the  ore  is  carbonaceous.  In  this  case  the  ferric  oxide  may  undergo  partial  reduetioD 
to  magnetic  oxide  or  ferrous  oxide  \  but  more  generally  the  effbct  of  calcination  is  to 
bring  the  iron  into  the  state  of  ferric  oxide,  if  it  be  not  already  in  that  condition. 
Another  important  effect  of  calcination  is  the  removal  of  sulphur,  which  is  in  most 
instances  present  in  the  state  of  pyrites.  By  the  action  of  heat  this  is  decomposed, 
losing  half  of  its  sulphur,  and  the  residual  ferrous  sulphide  is  then  converted  by  oxidi- 
tion  into  sulphate  which  may  be  decomposed  if  the  heat  applied  in  roasting  the  ore  be 
sufficient.  However,  the  entire  separation  of  sulphur  in  this  way  is  ruely  practi- 
cable. 

The  following  analyses  of  Cleveland  iron  ore  in  the  raw  state  and  after  calcina- 
tion will  serve  to  illustrate  the  nature  of  the  change  produced  by  roasting : 

Raw  Calcined 

Ferrous  oxide 38*06  — 

Ferric  oxide 2*60  66*26 

Manganous  oxide         .....  *74  — 

Mn,04 —  *66         . 

Alumina 5*92  7*72 

Lime 7*77  6*46 

Magnesia 4*16  4*76 

Potash trace  '02 

Carbonic  dioxide 22*00  — 

SiUea 10-36  11*87 

Phosphoric  oxide 1*07  1*13 

Sulphuric  oxide —  '90 

Sulphur '14  — 

Water 4*46  — 


97*27  99-68 

Bv  reference  to  the  foregoing  analyses  of  difl^rent  kinds  of  iron  ore,  it  will  be  seen 
that  in  the  case  of  the  richer  varieties  of  ore,  calcination  or  roasting  is  seldom  requisite 
as  a  preliminary  operation  for  the  purpose  of  separating  volatilisable  substances;  but 
this  treatment  is  nevertheless  generally  advantajg^eous,  inasmuch  as  it  has  the  effect 
of  disintegrating  the  ore  and  rendering  it  more  susceptible  of  reduction  in  the  smelUng 
furnace. 

The  calcination  of  iron  ore  is  carried  out  by  heating  it  to  dull  redness  in  contact 
with  air,  either  in  heaps  formed  of  alternate  layers  of  ore  and  coal,  or  in  kilns  bnUt 
of  brick  or  stone,  Arom  which  the  roasted  ore  can  be  drawn  out  at  the  bottom.  Care- 
ful regulation  of  the  temperature  to  which  the  ore  is  heated  is  essential  to  the  success 
of  the  operation,  so  as  to  ensure  on  the  one  hand  the  separation  of  all  volatilisable 
substances  and  the  proper  disintegration  of  the  ore  without  causing  the  formation  of 
fusible  silicates  in  the  case  of  silicious  ore,  or  the  reduction  of  iron  to  the  metallic  ttata 
in  the  case  of  carbonaceous  ore. 

The  method  of  calcination  in  heaps  is  cheapest  as  regards  labour,  and  it  oflbn  full 
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opporttuitj  for  ozidBtion,  but  the  coiuamptioD  of  A]«l  is  large  and  the  effect  piodiiMd 
I^  the  heat  is  imgalar.  Fig.  SSS  TepreseDta  the  cOQStractioDof  anorehe>p  consilting 
irf alternate  lafen  of  ore  ibbb)  and  of  fuel  (ace),  the  whole  being  placed  on  a  bed  of 
taigelninpaof  ore  ^dj).  Sometimaatha  ore  heap  umadexectBiigQlarandsBTentfegt 
long. 

Fio.  Ki. 


e  of  about  C  ft.  high  haTJnt; 


TIm  Welsh  method  is  to  form  In  the  apea 
alteinale  layen  of  ore  and  coal,  each  coal  layer  being  a  feir  inchei  thidi,  and  the 
on  lajar  aboat  a  foot  in  depth.  When  once  lighted  ibe  pile  boms  ao  long  as  coal 
rsmaini,  and  4hen  the  optiratioii  it  prop«rl;  carried  oq  ao  aa  to  preveat  the  ore  ^uing, 
there  is  a  Idas  in  veighc  of  abont  80  per  cant,  on  the  weight  of  ore  taksn.  Black 
bandorea  of  theraselres  contain  sntBinent  carboaaceoos  material  to  eontjnne  thenMsting 
wbaii  the  pile  haa  been  ignited. 

Boasting  In  kilns  in,  boirever,  generally  praferable  to  opeo^ir  roasting,  on  acconnt 
of  the  saTing  in  Inal  and  the  more  uniform  condition  of  the  residoar}'  maaa.  The 
altanate  layers  of  coal  and  ore  are  piled  in  a  manaer  similar  to  open^ir  roaatjng. 
The  kiln  is  kept  durged  bj  vitbdraning  Uie  bottom  layer  of  caldned  ore,  and 
mnning  in  a  fresh  charge  at  the  throat. 

The  kilns  lued  for  the  purpoae  are  rarioosly  conBtnictcd,  aometima*  with  a  Are 

CI  and  mmetimee  withoul.  Fig.  3B6  repreeente  the  circnlar  kilns  need  at  Middles- 
B^,  which  are  made  of  cast- iron  plates  lined  with  fire  brick,  and  aapported  npon 
hollow  cast-iron  pillan  so  that  n  Bpuce  la  left  below  for  drawing  ont  the  calcined  ore. 
£ach  kilo  has  a  central  cone  of  caat  iron  which  spreads  the  ore  ontwards  as  it  dsacends 
toward*  the  openings  from  which  it  is  drawn  oat.  Bound  the  lower  part  of  the  Hi" 
•n  a  Dunbsr  of  bole*  for  admitting  air. 

Fto.  S8S. 


nw  eoDnmption  cf  hel  in  roasting  iron  ore  in  thnu  kilns  aiaoanls  (o  tliODt  flva 
par  cent,  of  the  weight  of  calcined  ore. 

The  height  of  these  kilns  is  sometimes  upwards  of  30  feet,  and  the  diameter 
S*  feet.  A  Uln  having  a  capacity  of  8,000  enbic  feet  ia  capable  of  ealdning  abont 
800  tons  of  ore  per  week. 

The  kilns  need  in  Wales  have  a  rectangnlar  form  :  they  are  18  feet  high.  20  feet 
long,  and  are  wider  at  the  npper  part  than  at  the  bottom  :  air  is  admitted  on  oae  eide 
throDgh  apertures  in  the  wall  aboTe  the  opening  throngh  which  the  roasted  ore  ii 
drawn  ont.  These  kilna  are  built  in  ranges,  with  a  tramway  running  along  die  lop  of 
Umol  The  capacity  of  each  kiln  is  anch  aa  to  hold  about  70  tons  of  ore,  and  tlitt 
fnautity  of  ore  r<~'B8(ed  amoants  to  about  148  tons  per  week. 
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The  irut«  gaa  disdiarged  from  Bmeltiag  fornacea  U  sometimes  used  as  fad  for  tlw 
cslcinatioD  of  iron  ore,  aiid  ibe  gu  is  buioC  for  this  pnrposs  in  a  kiln  oonetracted  in 
tbe  tnaoDel'  repraaented  in  Tertioal  and  horliont&I  sections  by  Sgs.  387  and  387^ 

Tliebodyof  the  kiln  is  in  thefonnofa  crlindrical  shaft  (a)  from  6  to  10  feat 
dianeiei',  at  the  up^  end  of  vhich  ia  a  lateral  opening  (A)  fitted  with  a  sliding  door, 

—t.:.\.  .t g  jg  ,|)gt  jjjQ  the  kiln,  and  when  this  ia  not  being  used  tbe 

door  is  kept  closed.    As  the  iron  on  faUs  in '      ' 


kiln  it  is  dietribatBd  b;  Uie  hopper  (e).   The  open- 
ing (d)  admita  of  the  euunioation  of  the  kiln  to 


ing  (d)"" 

aaeertain  whether  it  ia  sufflcienUy  filled.  At  tli* 
bottom  of  the  shaft  (■)  are  aereral  arched  open- 
ings (iii,  figs,  SS7  and  387^)  throngh  which  tlw 
roasted  ore  is  drawn  ont.  The  openings  (J  a) 
•erre  for  inserting  iron  ban  h;  which  the  mass  <^ 
oni  can  be  looaBned.  If  reqoisiti,  when  it  is  biiiiig 
drawn.  The  openings  (oooj  at  different  heighU 
serve  as  sight  holea  for  regulating  the  temperatnn, 
and  at  the  npper  end  of  the  shaft  is  a  tall  cMmn(rr 
(h)  the  month  of  which  ran  be  closed  b;  a  clampe 


regnLating  the  operation.     The  combnslibls 

ia  led  into  the  kiln  from  a  pipe  («)  r*°''"g 

ronnd  it,  oud  enters  through  (Ju  channel  \g)  and 


^  I  (()  in  the  brickwork,  of  whidi  there 
are  several,  aa  shown  in  the  horixontal  section, 
Tbe  air  lequialte  for  combustion  is  sappUed 
throngb  the  pipe  (A)  into  a  hollow  ring  eztsoding 
tonnathe  kiln,  and  it  eeCHpas  thtongh  seTsru 
openings  in  this  ring. 

The  chief  disadvantage  of  this  kiln  is  that  the 


o  the  CI 


sft,  bnt  passes  ap  along 
the  wait.  This  tandencj  can  be  counteraet«d  hj 
making  the  gaa  tnhe  pass  acioas  the  kiln  nnder  a 
•■trong  CB.'-l-imn  ri'lg<  eitendiag  from  side  tnfide. 
oicr  which  the  ma-Wd  ore  can  slide  down  when  it 

Ecoaomj'  of  fuel  uiaj'  iu  some  cases  be  fiisui-fd 
bj  making  the  CHlcination  of  the  ore  the  fint  atsge 
in  the  sariea  of  changes  that  Uto  place  in  Iha 
Mast  furnace,  where  tbe  heat  urceeaarj  for  the 
purpose  in  obtained  from  the  ascending  curmt 
i>f  gases.  This  proecsa  miftht  probably  be  made 
more  efitetual  hy  so  incrensiug  the  height  of  the 
shaft  thttt  it  might  sTVe  iis  a  eubBtitnte  for  the 
calcining  kiln,  as  in  the  Cleveland  ciistrict.  where 
blast  funiaces  75  ft.  high  have  been  erected  with 
this  object;  it  is,  bonever,  doabttiil  whetlier  the 
paving  of  fuel  compensates  for  the  disadvantages 
Hiising  from  tlie  liabilily  of  some  kinds  of  fnfl 
and  ore  to  be  crushed  by  the  weight  of  the  column 
of  materials  in  the  shaft,  and  from  the  reduction 
in  the  calorific  power  of  the  discharged  gases 
which  can  be  advnntageously  used  a^  fuel. 

Formerly  tbe  coal  used  as  fuel  in  smelting  iron 
ore  vas  always  previously  charred,  m  as  to  sepa- 
r>ite  tlie  volatilimble  portion.  This  procedure 
involves  a  considerable  wn.sle  of  healing  power, 
amounting  to  something  like  39  per  cent.,  but  in 
some  cases  it  is  unavoidable,  on  account  of  the 
character  of  the  coal  employed.  Thus,  for  instance, 
if  highly  bituminous  caking  coal  were  used  in  the 
raw  state,  there  woald   be  considerable  risk  of 

agHlumcmtine  the  coQleats  of  the  wiuelting  furnace  and  disturbing  tho  operation. 

With  cod  of  a  friflbla  nature,  there  would  be  a  daugoc  of  stopping  up  the  hrnace. 

However,  when  the  coal  is  sufflciontly  hard,  and  does  not  cake  when  heated,  it  is  now 

often  used  in  the  rnn-  slat«. 
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In  smelting  iron  ore  for  the  production  of  pig  iron,  the  reduction  of  the  ferruginous 
oxide  in  the  ore  is  effected  chiefly,  if  not  entirely,  by  means  of  carbonic  oxide,  the  re- 
action in  the  case  of  ferric  oxide  being  represented  by  the  following  equation  : 

Fe,0,  +   3C0  =  3C0,  +   2Fe 
160  84  132  112 

according  to  which  the  iron  thus  produced  amounts  to  rather  more  than  three  times 
the  weight  of  the  carbon  consumed  in  the  state  of  carbon  oxide. 

The  supply  of  carbonic  oxide  requisite  for  this  reduction  is  furnished  by  the  com- 
bustion of  tne  fhel  used  in  the  operation,  and  most  likely  the  whole  of  the  carbon  it 
contains  is  burnt  in  such  a  manner  as  to  yield  only  carbonic  oxide  in  the  first  instance. 
The  reaction  by  which  ferric  oxide  is  reduced  may  be  regarded  as  the  completion  of 
the  combustion  of  that  portion  of  the  ftiel  which  takes  part  in  it.  Carbon  in  the  state 
of  carbonic  oxide  is  in  this  way  capable  of  reducing  nearly  four  and  a  half  times  its 
weight  of  ferric  oxide,  and  since  the  percentage  amount  of  ferric  oxide  in  iron  ore 
generally  ranges  from  40  to  90  per  cent.,  while  Uie  ftiel  used  in  smelting  maybe  taken 
as  containing  on  the  average  90  per  cent  of  carbon,  the  fuel  consumed  in  this  part  of 
the  iron  smelting  process  yaries  from  about  one-tenth  the  weight  of  the  ore  up  to 
rather  less  than  one-fourth  in  the  case  of  very  rich  ores. 

The  oonyersion  of  the  carbon  supplied  as  solid  fuel  to  the  smelting  furnace  into  a 
gaseous  state  by  combination  with  oxygen  is  doubtless  a  circumstance  of  great  im- 
portance as  regards  the  reduction  of  the  ferruginous  oxide  in  the  ore,  for  though  ferric 
oxide  is  readily  reduced  when  heated  in  contact  with  carbon,  this  condition  would  not  be 
so  easily  attamed  in  operating  upon  the  large  scale.  By  the  formation  of  carbonic 
oxide  howeyer,  and  by  the  absorption  of  this  gas  by  the  porous  lumps  of  ore^  reduction 
is  soon  brought  about  by  the  reaction  above  referred  to. 

This  reaction  takes  place  at  a  temperature  ranging  between  140^  and  400^,  but 
most  readily  at  a  red  heat.  The  extent  to  which  it  takes  place  when  ferric  oxide  is 
heated  with  carbonic  oxide  is  limited,  and  the  complete  reduction  of  ferric  oxide 
cannot  be  effected  by  the  proportion  of  carbonic  oxide  indicated  in  the  above  equa- 
tion, since  carbonic  dioxide,  which  is  one  of  the  products  of  the  reaction,  is  capable  of 
giving  up  part  of  its  oxygen  to  metallic  iron  when  brought  into  contact  with  it  at  a 
temperature  above  400°.  Consequently  the  reduction  of  ferric  oxide  by  carbonic  oxide 
at  a  moderate  red  heat  does  not  continue  after  the  resulting  carbonic  dioxide  has  attained 
a  proportion  to  the  unaltered  carbonic  oxide  of  about  one  half  its  volume.  To  ensure 
complete  reduction  therefore  the  ferric  oxide  must  be  exposed  to  the  action  of  a  current 
of  the  reducing  gas,  so  that  the  carbonic  dioxide  formed  may  be  constemtly  swept  away 
out  of  contact  with  the  reduced  iron. 

Besides  the  reduction  of  the  ferruginous  oxide,  it  is  essential  to  the  production  of 
pig  iron  that  the  reduced  metal  should  combine  with  carbon  and  form  a  readily  fusible 
carburet.  The  precise  mode  in  which  this  takes  place  in  smelting  iron  ore  is  not 
thoroughly  understood,  but  it  is  highly  probable  that  it  is  a  result  of  the  decomposi- 
tion of  carbonic  oxide  according  to  the  following  equation : 

2C0  =   COj  +   C. 

Except  in  the  case  of  very  unusually  rich  iron  ore,  the  reduction  of  the  ferruginous 
oxides  requires  to  be  accompanied  by  the  formation  of  a  readily  fiisible  compound  ot 
the  earthy  admixtures  with  which  most  kinds  of  iron  ore  are  associated.  These  sub- 
■tances  generally  consist  for  the  most  part  of  silica,  various  silicates,  clay,  calcium  car- 
bonate, or  some  analogous  minerals,  as  will  be  seen  by  reference  to  the  tabulated 
analyses  of  the  different  varieties  of  iron  ore,  and  as  they  are  not  only  intimately 
mixed  with  the  ferruginous  oxide  of  the  ore,  but  are  also  infusible  at  the  temperature 
produced  in  iron  smelting,  their  presence  in  such  an  infusible  condition  would  offer  a 
mechanical  obstacle  to  the  fusion  of  the  reduced  iron.  In  order  to  effect  the  separation 
of  these  admixtures,  it  is  therefore  necessary  to  convert  them  into  rradily  fusible  com- 
pounds. The  double  silicates  containing  two  or  more  bases  are  substances  whose 
rusibility  and  general  characters  correspond  to  the  requirements  of  the  case,  and  con- 
sequently in  smelting  iron  the  separation  of  the  earthy  admixtures  in  the  ore  is 
eflected  by  the  formation  of  a  vitreous  silicate  capable  of  being  readily  melted  so  as 
to  separate  from  the  metal  in  the  form  of  a  s  1  ag. 

^e  fusibility  of  the  silicates  varies  considerably,  not  only  according  to  the  nature 
of  the  basic  oxide  they  contain,  but  also  according  to  the  relative  proportions  of  silica 
and  basic  oxide.  Those  containing  only  one  basic  oxide  are  moreover  generally  less 
ftsible  than  the  silicates  containing  two  or  more  basic  oxides,  and  the  degree  of 
fnsibility  is  still  further  influenced  by  the  relative  proportion  of  the  basic  oxides,  as  will 
be  seen  from  the  following  table  of  Plattner*s  results : — 
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The  temperatures  given  oa  Ihoto  at  irbich  the  seTeial  ailicates  aie  formed  and 
melled  refer  to  Uie  following  melting  points  adopted  b;  Flattnw  u  stiiDdarda  of  com- 
parison:— 

PUtinnm 26S4° 

Gold iioa» 

Silver 1023° 

Lead 384° 

It  seldom  bapperu  tliat  the  fbrmgn  sabatsiicea  associal^d  with  iron  ore  are  of  such 
a  nature  or  present  in  snch  relative  proportions  as  to  produce  nnder  the  inflnence  of 
heat  a  inlicals  that  would  be  suitable  for  the  pnrpoeas  of  iron  smelting.  Hence  it  is 
necesesi;  to  mix  with  the  ore  same  eubntaiice  that  will  conCiibnte  to  the  fbnnatioo  of 
a  fusible  slag,  by  combining  with  the  admixtures  in  the  ore.  The  eubstajiM  added 
with  liiis  object  u  termed  flux,  and  its  nature  mi  well  as  the  proportion  in  wtiich  it  is 
need  will  of  course  depend  upon  the  compoaition  of  the  on  to  be  amtltfld. 

When  the  ore  coatama  calcareous  substances  a  silicious  material  such  aa  forge  cinder 
OF  the  roasted  slag  from  the  puddling  furnace  is  added  as  a  flux,  or  the  ore  maj  be 
mixed  insuitable  proportions  with  one  containing  silicaac  clay.  In  the  more  frequent 
case  of  ore  containing  ailica,  clay,  or  other  silicates  the  material  uspd  as  a  flux  ia  lime- 
stone or  burnt  lime,  in  order  to  effect  the  formation  of  a  double  silicate  containiog 
alumina  and  lime  as  lie  basic  conatitaent 

The  published  analyaes  of  iron  slags  are  veir  onmerous,  and  the  general  characters 
of  them  are  indicnted  by  the  accompanying  table. 

The  character  generBlly  conBidersd  to  be  iodicative  of  the  fbrmation  of  a  loitable 
slag  consists  in  ita  being  sufficienily  liquid  to  aeparate  perfectly  &onl  the  metal,  tboosli 
aa  it  flowB  from  the  surface  it  is  generally  somewhat  viscous.  When  aolidifledue 
Blag  should  not  he  vesicular,  but  compact  and  hamogeneous,  without  being  either  THy 
vitreona  or  stony.  The  colour  of  the  slag  {mm  iron  smelting  fumaeea  variee  veij 
much,  butitdoea  not  a&brd  much  indication  of  its  character.  Whan  charcoal  ia  Died  as 
J'uD^  the  slag  is  lightsr  coloured  than  that  from  farnacnin  which  ookaoroo*!  it  Mad. 
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Analnta  of  Slags  Jroitt  Blatl  Funaca  vorked  wi/h  Charcoal. 
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In  smdtiiigiroD  ore  withpharaoBl  the  temp«mtureof  (ho  furnaco  iagBniiHilljlowor 
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Ulit;  of  the  eUg  nqnirea  to  ba  reduced  b;  iacrea«ing  the  pruportion  of  lime  relativelj 
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to  silica  and  alumina  to  such  an  extent  that  the  fusion  of  the  slag  may  not  take  place 
until  after  the  reduction  of  the  iron  has  been  completed.  This  is  requisite  in  order 
to  prevent  the  materials  constituting  the  charge  frcmi  becoming  agglutinated,  and  to 
admit  of  their  remaining  porous  while  passing  through  that  portion  of  the  smelting 
furnace  where  reduction  takes  place.  This  is  especially  necessary  when  hot  blast  is 
used. 

In  smelting  silicions  iron  ore  there  is  a  further  necessity  for  the  addition  of  lime, 
which  is  even  more  important  than  that  relating  to  the  production  of  a  suitable  funble 
slag.  This  arises  from  the  circumstance  that  the  double  silicate  containing  ferrous 
oxide  and  alumina  is  very  fusible,  and  owing  to  the  tendency  to  the  formation  of  this 
silicate  in  smelting  a  silicions  or  argillaceous  ore,  the  result  would  be  that  a  con- 
siderable portion  of  the  iron  would  escape  reduction  and  bo  lost,  besides  the  production 
of  other  serious  inconveniences.  The  presence  of  a  sufficient  proportion  of  lime  pre- 
vents the  combination  of  ferrous  oxide  with  the  aluminous  silicate  in  the  ore,  and  in 
order  to  prevent  it  as  much  as  possible  the  quantity  of  lime  mixed  with  the  ore  is  such 
as  to  form  a  silicate  in  which  the  oxygen  of  the  basic  oxides  is  equal  to  that  of  the 
silica.  In  some  kinds  of  iron  ore  the  relation  existing  between  the  silica  and  alumina 
is  very  different  from  that  generally  obtaining  in  the  cJay  iron  ore  of  the  coal-measures, 
as  wiU  be  seen  from  the  following  table  and  by  reference  to  the  analyses  of  ores : — 


1 

Alumina 

Lime  .... 

Magnesia    . 

Silica  .... 

Low  Moor 

Brleriey 

Stanton 

Bntterlqr 

Farkgate 

Cleveland 

23 
9 
8 

60 

24 
9 
7 

60 

20 
13 
17 
60 

26 

11 

9 

54 

24 
13 
19 
44 

25 
27 
14 
34 

100 

100 

100 

100       1     100 

100 

In  consequence  of  this  difference,  and  the  greater  proportion  of  alumina  in  the  ores 
of  the  Cleveland  district,  the  slags  produced  in  smelting  them  are  much  more  stony 
and  less  vitreous  than  those  produced  in  smelting  other  kinds  of  ore.  The  relatire 
deficiency  of  silica  as  compa^«d  with  alumina  probably  renders  the  slag  much  less 
fusible,  and  may  serve  to  account  for  the  apparent  necessity  for  a  very  high  tempera- 
ture in  smelting  the  Cleveland  ore. 

Analyses  of  Staff s  from  Cleveland  Ores. 


Ferric  oxide 

Crowder 

Clarence  Laboratory 

__ 

.    8-20 

Ferrous  oxide  . 

0-72 

3*64 

0-61 

0-32 

Manganous  oxide 

0-35 

102 

trace 

0-80 

Zinc  oxide 

— 

460 

Alumina  . 

24-69 

20-72 

22-28 

21-70 

16-00 

Lime 

4000 

36-88 

40-45 

38-72 

12-15 

Magnesia . 

3-55 

4-25 

7-21 

610 

0-57 

Potash 

0-46 

050 

0*40 

Soda 

0-99 

6-85 

Silica 

27-65 

30-40 

27-80 

29-92 

34-82 

Phosphorus 

0-26 

0-07 

— 

Sulphur   . 

1-95 

1-34 

200 

1-61 

8-80 

Chlorine   . 

— 

1*56 

Water 

Percentage  of  iron    . 

— 

— 

6-60 

100-62 

98-75 

100-35 

99-24 

99*55 

0-560 

2-830 

0-470 

0-250 

As  already  mentioned,  the  conditions  under  which  fuel  is  burnt  in  smelting  iron  ore 

for  the  production  of  pig  iron  are  such  that  greater  part  of  the  carbon  is  converted 

into  carbonic  oxide,  and  with  the  exception  of  those  portions  which  are  converted  into 

carbonic  dioxide  in  the  reduction  of  ferric  oxide  and  the  carburation  of  the  rednoed 

iron,  the  whole  of  the  carbonic  oxide  is  discharged  from  the  smelting  fbrnaoe^  togetlMr 
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with  the  nitrogen  of  the  air  consumed  in  supporting  combustion,  the  carbonic  dioxide 
separated  from  the  limestone  used  as  flux,  and  the  hydrogen  or  hydrocarbon  vapour  de- 
riyed  from  the  fuel.  The  following  table  gives  the  percentage  composition  by  volume 
of  the  gas  discharged  from  iron  smelting  furnaces  in  several  different  localities : — 

CompodHon  of  Furnace  Gas. 


Carbonic  oxide . 
Carbonic  dioxide 
Nitrogen  . 
Marsh  gas 
Olefiant  gas 
Hydrogen. 

Clere- 
land 

Yecker- 
hagen 

Bttmm 

Attdin- 
ooort 

Glenrsl 

Serainir 

AlfceCon 

Bdl 

Bmuen 

Langberg 

and 
Scheerer 

Ebebnen 

Bmuen 

and 
Flayfair 

26*7 
11*7 
60*9 

•7 

24*20 

8*77 

62*34 

3*36 

1*33 

8*04 
22*20 
64*43 

8*87 

1*46 

25*24 
12-59 
55*62 

6*55 

24*65 

12*01 

57*22 

93 

5*19 

28*93 
11*39 
56-64 

304 

25*97 
7*77 

55*35 

3*75 

*43 

6*73 

100-0 

100*00 

100*00 

100*00 

10000 

10000 

lOO'OO 

Since  the  gas  contains  almost  the  whole  of  the  carbon  in  the  f^el  consumed,  and  it 
is  chiefly  in  the  state  of  carbonic  oxide,  the  gas  is  combustible,  and  admits  of  being 
usefully  employed  as  fuel  for  various  purposes  connected  with  the  smelting  operation, 
so  as  to  effect  a  considerable  economy  of  fuel. 

Fig  iron  or  cast  iron, — There  are  two  distinctly  different  kinds  of  carburetted  iron ; 
one  in  which  the  carbon  is  entirely  combined  with  the  iron,  and  another  in  which 
the  greater  part  of  the  carbon  is  not  in  a  state  of  combination,  but  is  disseminated 
throughout  the  mass  in  the  form  of  minute  crystalline  laminae. 

white  cast  iron  varies  in  colour  from  tin  white  to  pale  grey.  It  is  very  hard 
and  brittle,  has  a  crystalline  lamellar  texture,  and  is  sometimes  vesicular.  The  frac- 
ture is  briffht,  and  it  varies  from  lamellar  to  compact  and  conchoidal,  in  proportion 
as  the  colour  is  tin- white  or  grey.  The  most  characteristic  variety  is  called 
specular  iron.    The  amount  of  carbon  varies  from  3*5  to  5*24  or  5*75  per  cent. 

Grey  cast  iron  varies  in  colour  from  pale  grey  to  dark  grey.  It  has  generally 
some  slight  degree  of  malleability,  but  is  much  harder  and  more  brittle  than  malleable 
iron.  Its  texture  is  granular,  sometimes  veiy  flne  grained,  sometimes  coarse  grained 
at  the  fracture,  with  minute  particles  of  graphite  visible  throughout  the  mass.  The 
amount  of  carbon  varies  from  2  to  4*65  per  cent. 

The  specific  gravity  of  white  cast  iron  is  on  the  average  7*5,  that  of  grey  ctist  iron 
is  about  7*1. 

Grey  cast  iron  melts  at  about  1600°,  and  more  easily  in  proportion  as  the  amount 
of  carbon  is  greater.  White  cast  iron  melts  at  a  lower  temperature,  but  it  does  not 
become  so  liquid  when  melted  as  grey  cast  iron,  which  passes  suddenly  from  the  solid 
to  the  liquid  state,  while  white  cast  iron  remains  for  some  time  in  a  puty  condition. 
White  cast  iron  when  cooled  very  gradually  from  the  melted  state  is  converted  into 
grey  cast  iron.  On  the  contrary,  grey  cast  iron,  when  slowly  cooled  from  the  melted 
state,  is  not  altered,  except  in  becoming  softer  and  more  malleable ;  but  when  cooled 
rapidly,  it  is  converted  into  white  cast  iron  more  completely  in  proportion  as  the 
amount  of  carbon  it  contains  is  large.  On  this  account  the  outer  surface  of  a  casting 
has  a  hard  crust  or  skin  in  consequence  of  the  more  rapid  cooling  and  solidification 
of  that  portion  of  the  melted  metal  which  comes  into  contact  with  the  sides  of  the 
mould,  and  its  conversion  into  white  cast  iron.  This  effect  is  often  auffmented  in  prac- 
tice by  lining  the  mould  with  iron  plates  so  as  to  faciliate  the  solidiflcation  of  the 
outerportions  of  the  casting,  and  form  a  la^er  of  white  cast  iron  from  |-  to  ^  of  an  inch 
thick,  while  the  interior  retuinH  the  condition  of  grey  cast  iron,  thus  combining  the 
particular  advantages  of  white  cast  iron  as  regards  hardness  and  of  grey  cast  iron  as 
regards  strength.  Melted  cast  iron  dissolves  malleable  iron  and  is  thus  rendered  tougher 
and  stronger. 

It  has  been  observed  that  in  large  masses  of  cast  iron  there  is  an  inequality  in 
the  amount  of  carbon  contained  in  the  metal  at  the  exterior  and  interior  portions. 
There  is  also  a  further  difference  as  to  the  condition  in  which  the  carbon  exists.  At 
the  centre  the  relative  proportion  of  graphitic  carbon  as  compared  with  combined 
carbon  is  greater  than  it  is  at  the  exterior  portions.    This  difference  is  more  marked 
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in  proportion  as  the  melted  met«l  is  more  rapidly  solidified  at  the  snrfiuM.    In  one  in- 
stance referred  to  by  Earsten  the  following  relations  obtained  : — 


Cast  iron  before  melting 
Onter  white  portion  of  casting 
Inner  grey  portion  of  casting 


Total  Oarbon 

Cknnblned  Oarbon 

Gn4>hHe 

40281 

•7812 

8-2469 

60929 

60929 

8-8047 

•6106 

3*1941 

Between  the  two  extremes  of  white  and  grey  cast  iron  there  are  a  nomber  of 
intermediate  states  in  which  the  white  and  erey  Tarieties  a^  mixed  together  in 
different  proportions,  constituting  what  is  termed  mottled  c  as  t  i  r on.  The  hardness 
and  strength  of  these  varieties  of  cast  iron  differ  considerably ;  as  a  role,  the  ^y 
iron  is  stronger  than  white  iron,  while  this  is  harder  than  the  grey.  White  cast  iron 
is  however  too  brittle  to  be  used  for  structural  purposes,  except  for  the  purpose  of 
coating  the  surface  of  castings  with  a  hard  skin  or  crust  by  chill  casting,  aa  already 
described. 

The  tenacity  of  cast  iron  is  very  much  less  than  that  of  malleable  iron,  but  its 
capability  of  resisting  crushing  force  is  very  much  greater. 


Oold^last  cast  iron  . 
Hot  blast  cast  iron 
Toughened  east  iron  . 

Direct  tenacity 

HeslatftnoB 
to  direct 
crnahing 

Modiansot 

rupture  of 

square  ban 

Modnlos  of 

In  ponnds  per  square  inoh 

/from     12,694 
Ito          18,866 
ftrom     13,434 
ito          23,468 
ifrom     28,461 
Ito         26,764 

66,466 
102,408 

72,193 
104,881 
129,876 
119,467 

36,693 
39,609 
29,889 
43,497 

14,000,000 
17,086,000 
11,689,000 
22,738,000 

The  strength  of  cast  iron  is  increased  by  remelting,  but  reduced  when  the  melting 
is  repeated  several  times.  At  very  low  temperaturos  it  becomes  more  brittlo  ana 
weaker. 

The  specific  heat  of  specular  iron  is  0*12983,  that  of  ordinary  white  cast  iron  is 
012728. 

The  linear  expansion  of  cast  iron  is  greater  than  that  of  malleable  iron,  amounting 
to  Ak  between  20^  and  660^  (red  heat)  and  ^  between  20°  and  a  white  heat 

IHeces  of  cold  cast  iron  thrown  into  the  melted  metal  sink  to  the  bottom,  Imt  when 
they  have  a  temperature  near  the  melting  point  they  float  on  the  surfiice  of  the  melted 
metal.  Hence  it  would  Appear  that  some  contraction  takes  place  in  the  passage  from 
the  solid  to  the  liquid  state.  This  character  is  important  as  regards  the  application 
of  cast  iron  to  casting,  for  the  increment  of  bulk  attending  solidification  ensures  the 
perfect  filling  of  the  moulds  at  that  moment,  and  the  production  of  sharp,  well-defined 
castings.  But  the  greatest  amount  of  expansion  or  contraction  takes  place  just  below 
the  melting  point.  On  account  of  this  contraction  between  a  temperature  near  the 
melting  point  and  the  ordinary  atmospheric  temperature,  it  is  necessary  to  make  the 
mould  for  castings  proportionately  larger  than  the  castings  are  required  to  be.  The 
contraction  for  grey  cast  iron  amounts  to  about  one  per  cent.,  that  of  white  cast  iron 
is  from  2  to  2*6  per  cent,  of  the  linear  dimensions.  The  allowance  generally  made  for 
this  shrinkag  e  in  casting  is  ^^  or  one-eighth  of  an  inch  to  the  foot.  Cast  iron  also 
undergoes  a  permanent  increase  of  bulk  under  the  long  continued  influence  of  heat. 

White  cast  iron  exposed  to  an  oxidising  atmosphere  at  the  ordinary  temperature 
rusts  much  more  slowly  than  grey  cast  iron,  and  this  again,  provided  it  aoes  not 
contain  much  sulphur  or  other  readily  oxidisable  substances,  rusts  more  slowly  than 
malleable  iron.  Specular  iron  is  but  very  little  liable  to  oxidation  under  ordinary 
atmospheric  conditions. 

At  an  elevated  temperature  grey  cast  iron  becomes  coloured  by  oxidation  sooner 
than  malleable  iron;  white  cast  iron,  on  the  contrary,  becomes  coloured  even  sooner 
than  steel.  When  cast  iron  is  heated  to  redness  in  contact  with  atmospheric  air,  the 
carbon  it  contains  is  first  oxidised  and  the  metal  is  rendered  somewhat  malleable ; 
then  a  cru»t  of  ferroso-ferric  oxide  is  formed  at  the  sur&ce,  which  gradually  increases 
in  thickness. 

Grey  cast  iron  is  most  slowly  oxidised  in  this  way,  and  after  the  remoiral  of  its 
carbon  it  becomes  porous  and  friable.  White  cast  iron  is  decarburised  more  rapidlj, 
And  it  acquires  a  malleable  steely  character.    Upon  this  fact  is  baaed  the  nuurafeetnre 
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of  malleable  east  iron,  which  coneists  in  heating  to  redness  small  castings  imbedded  in 
powdeied  charcoal,  chalk,  or  ferric  oxide,  so  as  to  be  partially  protected  from  the 
oxidising  infinence  of  the  air. 

Cast  iron  mdted  in  contact  irith  atmospheric  air  becomes  corered  inth  a  cmst  of 
oxide,  and  by  continually  removing  this  cmst  as  it  is  formed,  the  whole  mass  may  be 
converted  into  oxide ;  if  the  cmst  of  oxide  be  allowed  to  remain  in  contact  with  the 
melted  nietal,  this  gpradnally  becomes  decarbnrised,  steely,  and  less  readily  fusible. 
White  cast  iron  heated  in  contact  with  atmospheric  air  till  it  assumes  a  pasty 
condition  is  decarburised  much  more  rapidly  than  by  mere  heating  to  redness,  and  it 
passes  from  the  steely  condition  to  that  of  pure  iron,  without  so  great  a  degree  of  oxida- 
tion as  takes  place  when  the  metal  is  melted.  The  most  important  method  of 
manu&cturing  malleable  iron  is  based  upon  this  &ct. 

Cast  iron  melted  under  alkaline  or  earthy  carbonates  is  gradually  decarburised  and 
may  be  wholly  converted  into  malleable  iron,  if  the  heat  be  sufficiently  raised,  as  the 
iron  becomes  less  fusible. 

Atmospheric  air  forced  into  melted  cast  iron  oxidises  the  carbon  and  silicon,  as 
well  as  part  of  the  iron,  and  converts  the  remainder  into  malleable  iron.  The  tem- 
perature produced  in  this  way  is  sufficiently  high  to  determine  the  fusion  of  the 
wholly  decarburised  iron. 

White  cast  iron  heated  with  concentrated  hydrochloric  acid  is  entirely  dissolved ; 
but  grey  cast  iron  heated  in  the  same  way  leaves  a  residuum  of  graphite.  In  both 
cases  the  combined  carbon  of  the  cast  iron  enters  into  combination  with  a  portion  of 
the  nascent  hydrogen  eliminated  by  the  solution  of  the  iron,  forming  volatile  oily 
hydrocarbons,  the  vapour  of  which  communicates  a  peculiar  smell  to  the  gas  evolved. 
Ijieoily  substance,  wnich  appears  to  be  of  a  nature  analogous  to  petroleum,  also  collects 
as  a  thin  film  on  the  surface  of  the  liquid. 

The  action  of  dilute  hydrochloric  acid  upon  cast  iron  is  somewhat  different. 
Specular  iron  is  acted  upon  very  slowly  at  the  ordinary  temperature ;  but,  with  the 
aid  of  heat,  both  it  and  grey  cast  iron  are  readily  dissolved.  The  hydrogen  gas 
evolved  has  the  characteristic  smell,  but  the  amount  of  hydrocarbon  formed  appears 
to  be  less  than  when  concentrated  acid  is  employed.  White  castiron  leaves  a  bulky  dark 
brown  carbonaceous  residue  which  is  soluble  in  potash,  and  when  washed  and  dried  is 
very  readily  combustible,  leaving  a  black  residue  containing  silica.  Grey  cast  iron  leaves 
a  residue  consisting  pardy  of  graphite,  partiy  of  a  carbonaceous  substance  similar  to 
that  obtained  from  white  cast  iron,  and  partlv  of  another  blackcarbonaceous  substance 
that  is  magnetic,  taking  fire  on  contact  with  the  air,  and  leaving  a  residue  of  ferric 
oxide  when  burnt. 

Cast  iron  is  slowly  acted  upon  by  sea  water.  Cannon  balls  that  had  been  l^ing  in 
the  sea  off  the  coast  of  Normandy  since  1692  were  found  to  have  lost  two- thirds  of 
their  original  weight,  and  had  been  converted  into  a  substance  that  could  be  cut  with 
a  knife,  the  metallic  iron  having  entirely  disappeared.  Cannon  balls  taken  from  vessels 
that  had  been  sunk  fifty  years  before  near  Carlscrona  were  found  to  be  partly  converted 
into  a  grey  porous  graphitic  substance,  which  after  exposure  to  the  air  for  a  quarter  of 
an  hour  in  a  moist  condition  became  so  heated  that  the  adherent  water  was  converted 
into  steam.  The  substance  remaining  after  the  action  of  sea  water  upon  cast  iron 
appears  to  be  veiy  similar  to  that  remaining,  mixed  with  graphite  and  the  bulky 
carboniferous  substance,  after  dissolving  grey  carbon  by  dilute  hydrochloric  scid. 
Earsten  considered  it  to  be  a  compound  of  iron  with  three  atomic  proportions  of 
carbon.  Berzelius  ascribed  the  solution  of  cast  iron  by  sea  water  to  the  coigoint 
action  of  carbonic  add  and  oxygen ;  wherever  cast  iron  is  exposed  to  the  combined 
influence  of  fresh  water  and  sea  water  by  tides,  this  solvent  action  takes  place  more 
xapdly  than  in  sea  water. 

Cast  iron  generally  contains  besides  iron  and  carbon  some  other  substances, 
especially  manganese,  silicon,  phosphorus,  sulphur,  arsenic,  copper,  etc.,  the  amounts 
vaiying  considerably,  as  shown  in  the  accompanying  analyses  (see  p.  668),  and  some 
of  these  substances  appear  to  exercise  considerable  influence  in  modifying  the  cha- 
racters of  the  metaL 

Silicon  is  almost  always  present  in  pig  iron  to  some  extent.  It  originates  from 
the  deoxidation  of  silica  in  the  process  of  smelting  and  the  amount  varies  ver^  much. 
In  white  cast  iron  it  generally  ranges  from  0*1  to  0'5  per  cent. ;  in  grey  cast  iron  the 
amount  is  larger,  being  seldom  less  than  0'5,  and  sometimes  exceeding  8  per  cent. 
Sarsten  fbund  3*45  to  be  the  maximum  amount  of  silicon  in  pig  iron.  The  greater 
amount  of  silicon  in  grey  cast  iron  is  considered  to  be  due  to  the  circumstance  that  il 
18  produced  at  a  higher  temperature  than  white  pi^  iron.  Iron  produced  with  hot 
blast  also  contains  more  silicon  th^n  that  smelted  with  cold  blast. 

It  is  generally  considered  that  within  the  ordinary  limits  of  from  0'5  to  8  per  cent, 
the  presenoe  of  idlieon  in  cast  iron  does  not  exercise  any  prejudicial  influence  u^^qxl  tha 
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quality  of  the  metal ;  bat  Hi  nee  it  is  yery  detrimental  to  malleable  iron,  and  rednoes 
its  tenacity,  it  is  essential  that  in  the  conyersion  of  cast  iron  into  malleable  iron  the 
silicon  should  be  iieparatod  as  much  as  possible.  The  greater  the  amount  of  silicon 
in  pig  iron,  the  greater  also  is  the  waste  of  metal  incurred  in  its  oonyersLon  into 
malleable  iron  by  the  puddling  operation. 
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Sulphur  is  almost  always  present  in  cast  iron,  but  sometimes  the  amount  is  so 
very  small  that  it  can  scarcely  be  determined.  In  good  cast  iron  the  sulphur  pro- 
bably never  reaches  0^6  per  cent.  Pig  iron  smelted  with  mineral  fuel  always  con- 
tains more  sulphur  than  that  smelted  with  charcoal,  in  consequence  of  the  sulphur 
present  in  the  coal  or  coke  being  transferred  to  the  iron.  The  presence  of  solphur  in 
cast  iron  renders  the  metal  more  fusible,  but  also  more  liable  to  solidify  sooner  when 
Blightly  cooled  below  the  melting  point,  so  as  to  become  quite  viscid  while  still  rad 
hot    When  specular  iron  is  melted  w\V.\i  s\i\^\i\ix,  ^AxVsfi  \a  %«<Qaxated,  and  it  coUeets 
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upon  the  Bufkce  of  the  melted  metal  in  the  form  of  graphite,  which  differs  ftom 
ordinary  graphite  in  haying  no  lustre.  Grey  cast  iron  melted  with  sulphur  is  con- 
yerted  into  white  cast  iron,  containing  a  larger  amount  of  carbon  than  the  original 
grey  iron,  as  shown  by  the  following  results  obtained  by  Karsten : — 

The  grey  cut  Iron  oontained  The  resnlting  wtiite  iron 

in  100  parte.  contained  in  100  parte. 

Combined  carbon  .        .    0^6258        ....    6*4878 

Graphite 8*3119        .        .        .        .        — 

Sulphur 0*0286        .        .        .        .     0*4464 

Hence  it  appears  that  while  sulphur  displaces  carbon  existing  in  combination,  still 
up  to  a  certain  point  the  carbon  so  displaced  from  combination  with  one  portion  of 
iron  is  taken  up  b^  another  portion,  until  no  more  can  be  taken  up.  The  presence 
of  sulphur  in  cast  iron  appears,  therefore,  to  determine  the  existence  of  the  carbon  in 
a  state  of  combination  with  the  iron,  and  thus  to  conduce  to  the  production  of  white 
cast  iron. 

Phosphorus  is  frequently  present  in  cast  iron,  sometimes  to  the  extent  of  one 
or  two  per  cent.  When  amounting  to  more  than  0*6  per  cent.,  it  renders  the  metal 
brittle  but  more  ftisible,  veiy  liquid  when  melted,  and  capable  of  remaining  much 
longer  in  the  liquid  state.  Within  certain  limits,  therefore,  the  presence  of  phos- 
phorus in  iron  intended  for  casting  is  adyantageous  rather  than  otherwise. 

Manganese  is  frequently  present  in  cast  iron,  and  it  appears  to  haye  some 
influence  in  determining  a  high  degree  of  carburation  of  the  iron,  as  well  as  the 
existence  of  the  carbon  in  a  state  of  combination  with  the  iron,  so  that  its  presence  in 
the  materials  used  in  smelting  tends  to  bring  about  the  production  of  white  cast  iron. 

Nitrogen  is  fre(|uently  present  in  yery  small  proportion  in  pig  iron,  and  it 
appears  to  haye  a  considerable  influence  on  the  character  of  the  metal.  Schafhautl 
estimated  the  amount  of  nitrogen  in  seyeral  kinds  of  cast  iron  as  fbllows : — 

White  cast  iron 0*764  per  cent. 

Grey  cast  iron 0*720       „ 

Specular  iron 1*200       „ 

Ifarchand's  experiments  led  him  to  doubt  the  existence  of  nitrogen  in  cast  iron, 
and  to  infer  that,  if  it  were  present,  it  neyer  amounted  to  0  02  per  cent.  Bonis,  on  the 
contrary,  considered  that  nitrogen  is  often  present  in  cast  iron,  and  he  has  stated 
that  yery  hard  cast  iron  containing  much  manganese  will  contain  0*16  per  cent, 
of  nitrogen. 

Arsenic.  There  is  much  difference  of  opinion  as  to  the  influence  of  arsenic  upon 
iron,  and  as  to  the  frequency  of  its  presence ;  but  there  are  some  well-established 
instances  of  cast  iron  containing  a  considerable  amount  of  arsenic.  Wohler  found  it 
in  four  samples  of  pig  iron,  and  Schafhautl  has  stated  that. the  pig  iron  made  at 
Alais  from  an  arsenical  ore  contained  from  2*6  to  4  per  cent,  of  arsenic.  According 
to  Berthier^s  analyses  of  some  iron  shells  and  shot  from  Algiers,  the  metal  contained 
from  9*8  to  27  per  cent  of  arsenic,  constituting  a  true  alloy ;  and  more  recently  a 
wiought-iron  shot  firom  Sinope  has  been  found  by  Wood  to  contain  1 6*2  per  cent,  of 
arsenic    Karsten  howeyer  neyer  detected  arsenic  in  pig  iron. 

The  presence  of  small  amounts  of  arsenic  in  cast  iron  is  considered  to  haye  the 
effect,  like  phosphorus,  of  rendering  the  metal  more  fWble,  brittle,  and  weaker. 

Titanium  appears  to  be  frequently  present  in  some  kinds  of  cast  iron,  and  it  has 
been  supposed  to  improye  the  quality  of  the  metal.  The  following  analyses  of 
titaniferous  pig  iron  by  Riley  show  the  extent  to  which  it  is  present : — 


Iron    .... 

93*47 

92*79 

9204 

87-90 

86^88 

8426 

Carbon       .        .       < 

3*31 

3*18 

811 

•31 
3^12 

1-02 
301 

•07 
2-61 

Silicon 

1*86 

3*28 

366 

2-69 

2-66 

3-32 

Titanium    . 

1*16 

•71 

-47 

•79 

116 

168 

Sulphur 

•06 

•06 

•11 

•03 

•03 

•02 

Phosphorus 

•08 

•06 

•09 

•16 

•16 

•20 

Manganese . 

*05 

•48 

109 

6-86 

637 

809 

Nickel  and  cobalt 

— 

— 

•06 

Oil 

Copper  and  antimony . 

-06 

•04 

•06 

100-437 

100-66 

106-46 

100-86 

100-31 

100-27 
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tbatjm^  u  fhr  u  tlM  bloak  of  etoae  (ij)  called  the  dam,  -rhich  iorrea  to  retun  the 
lueltod  iron  in  the  heftith,  while  the  melted  cIbj,  Qoating  on  the  surface  of  the  iron, 
flow!  ftway  throogh  &  depression  in  the  npper  mrface  of  the  (inm  called  the  cindec 
notch,  along  an  mclined  plane  called  the  cinder  &I1  (a).  Through  the  bottom  of  one 
■ide  of  the  dam  there  in  a  channel  called  the  tapping  hole,  commnnieating  viththe 
baaith,  to  admit  of  the  melted  metal  accumulating  in  the  hearth  being  run  onC  at 
inteiTBU.  This  channel  ia  stopped  up  with  sand  or  clay  vhile  the  amelting  operation 
ie  going  on,  and  nntil  Che  hearth  ia  filled  with  metal.  The  side  of  the  furnace  at 
which  the  dam  ie  sitnatad  ia  called  the  Iront,  and  the  opposite  side  is  called  the 
back.  At  the  aide  of  the  fomace  there  ia  an  arched  opening  called  the  tnjere  bote, 
and  in  many  initaacee  there  are  Bimilar  openings  at  the  other  two  aides. 

Air  ia  supplied  to  (he  furnace  through  pipes  connected  with  a  powerfol  blowing 
engine,  and  ftirnished  with  conical  tnbes  called  tuyeres,  eiteoding  into  the  furnace 
M  br  as  the  inner  Bnr&ce  of  the  hearth  wall.  Each  tujere  is  anrronndod  with  a 
hollow  conical  sheath,  through  which  a  stream  of  water  le  passed  to  prevent  thetujero 
from  melting.     In  manj  cases  the  air  supplied  to  the  furnace  in  Hmelting  ir 


preriou 
heated 


lampemnre  varying  from  100°  to  100°,  or  eren  700°  Within  the  lost  few  yean, 
gnat  improfOPUDta  hare  been  made  in  the  arrangementa  fi>r  heating  the  blast  bj  the 
regeoeratiTe  sjstem  introduced  by  Siemens  One  of  tbe  stoves  used  for  this  purpose 
is  represented  by  figs.  391  to  391.  It  consists  of  a  series  of  parallel  walls  of  fire- 
brick enclosed  in  a  teictwork  chamber,  the  spaces  between  the  walls  being  eeparalod 
hj  partitions,  so  as  to  form  a  number  of  rectangular  channels,  which  are  allematelf 
tieattd  by  the  coDibustion  of  the  gas  discharged  from  the  top  of  the  smelting  fnmace, 
ud  cooled  bj  passing  throogh  them  the  air  supplied  to  the  furnace.  The  gas  from 
the  ftttnace  is  admitted  through  the  ralTe  (/)  and,  after  being  burnt  in  the  oven,  it 
enapea  throogh  the  ralve  (c)  to  the  chimney.  After  the  mass  of  brickwork  haa  bets 
sofflcicDllj  heated,  cold  air  is  admitted  thnngh  the  Talve  (n)  and  paasas  through  the 
OTen,  eanping  fhnn  the  TalTS  (i)  to  the  smelting  fdmoca.    The  doors  (a,  p)  u  tha 
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top  and  boUom  of  the  oreo  are  for  de&oing  ont  tlie  dim  which  accomalahM  in  Um 
bnelcvork  ehaDoaU.  The  aparturas  (a.  A)  ore  to  admit  aii  ibr  the  combniUoD  of  tlw  f^M. 
Of  iate  ;»n  ths  capecitj  of  iroD  nnelting  taf 
noces  han  been  rer;  mnBidersbly  increaaed,  and  ia 
some  localitisa  fdrnacw  of  30.0M  or  40,000  enUe 
feet  capaeitj,  and  from  80  to  100  feet  hi^  ha*« 
be«D  constructed.  The  chief  altaration  (Ut  ahapa 
hai  coneiated  in  appcoiimBtioD  to  the  irfUndrical 
Bhalt,  but  it  baa  been  propoaed  to  &alitsta  tlia 
uniform  deaceut  of  the  cha^e  bj  turing  a  fomaoa 
-with  an  snlHTged  month,  as  shown  by  flg.  ISt. 
With  the  object  of  enanring  nnifbim  diatribotioa 
of  the  blaat  and  equal  lampersiiire  in  tlie  beartli,  a 
tnmace  of  aimilar  aection,  bnt  with  a  long  namnr 
beartb,  has  been  introduced   bj  Rachette.      Tht 

fenen]  orrac^mezit  of  Uii§  farriaca  le  repnwebled 
;  figB.  396  and  397.  On  each  aide  of  the  heaitb 
),  ure  a  nnmbet  of  tujere*  (b  b). 
in  working  the  blast  furnace  the  thaft  ia  kift 
I  nearly  fall,  the  iron  ore,  fltii,  and  fuel  coDstdtntiag 
I  the  charge  being  shot  in  at  intervals  through  the 
I  throat,  as  the  conlentA  of  the  abaft  aiuk  down. 
i  Meanwhile,  a  continaoussuppljof  air  la  forced,  into 
the  lower  end  of  the  Aimace  through  the  tujero, 
under  a  pressure  of  from  half  a  ponikd  to  two  pounda  per  sqnsfe  inch  in  charcoal 
furnaees,  and  from  two  ponnde  to  Are  ponoda  psrsqunre  inch  in  fnmaces  worked  with 
coal  or  coke.    The  anpplj  of  air  must  be  proportionate  to  the  liie  of  the  furnace  and 

Fio.  396. 


ita  rate  of  working,  so  as  to  maintain  a  rapid  combuatinn  of  the  fbel  at  that  part  rf 
the  furnace  immediately  abore  the  level  of  the  tnjerea. 

The  upper  eitreoiity  of  the  fum.ice  abaft  is  gpoerally  contracted,  ao  aa  to  fbm  an 
aperture  nearly  one  half  the  diameter  of  the  shafV,  which  is  termed  the  t  hrOAt,  and 
it  is  generally  aurrounded  by  a  low  wnll  or  chimney  called  the  tunnel  head,  havinc 
arched  openinga  at  the  side  for  introducing  the  materials  of  the  charge  into  the 
famace.  Iron  smelting  fumacra  are  sometimes  worked  with  the  throat  open,  hot 
Bometimasthe  gaieous  prodacln  given  off  are  collected;  the  throat  of  the  fumaca  is 
than  fitted  with  a  hopper,  which  can  be  closed  by  a  movable  cone  as  shown  in  fig.  SM, 
and  the  gas  is  led  away  through  n  tulie  to  the  furnace,  where  it  is  used  s>  fueL 

«  of  the  diffen-nt  physical  conditions  of  the  several  products  reanlt- 
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ing  from  the  cluingw  that  take  place  in  Ibe  matensU  used  m  smelling  iron  on,  thoM 
pradnctB  are  coatinnoiuly  discharged  tiom  Che  smeltiDfi;  furnace  in  a  manner  mactlj 
tiiB  nvBree  of  that  in  vhich  the  rair  matenala  are  supplied  the  melted  iron  and  sl^ 
flowing  ont  at  the  bottom,  while  the  gaseoos  products  of  combustion  escape  from  the 
thrott  of  the  tainii^. 

Fio  397 


The  kind  of  fuel  employed  in  smeltiDg  iron  ore  luw  a  great  influencs  upon  the 
mode  of  vorking.  Wil^  porous  bulkj  fnel  such  ns  chanoal.  combuBtJon  takes  place 
more  readily  than  when  the  more  eompnct  and  denser  kinds  of  miuecal  fuel  are  used, 
and,  owing  to  the  greater  liability  of  charoctil  W  crumble  nnder  pressure,  the  ftimaces 
in  which  it  is  used  are  gpntrally  much  smaller  than  thoee  worked  with  coal  or  coke- 
Owing  U>  the  relatively  small  amonnt  of  earthy  substances  in  charcml,  aud  its  entire 
freedom  from  sulphur  and  phosphorns,  the  iron  melted  with  charcoal  is  always  much 
purer  than  diat  amdted  with  mineral  fuel,  which  ie  often  prejudicial  to  the  quality  of 

Though  the  weight  of  the  solid  mnteriaU  eoDstitntiog  Che  charge  amoonta  to  from 
ftnc  ID  Sto  toM  per  ton  of  fig  iron  made,  according  to  Uie  kind  of  ore,  fltix.  aud  ftael 
used,  or  eren  to  iOTeu  tons  and  upwards  when  the  mateWals  are  nsed  in  the  raw 
state,  by  far  the  greater  quantity  of  the  total  material  supplied  to  a  blast  famace  in 
smelting  iron  consists  of  the  atmoephprie  air  by  which  combustion  is  supported. 
Taking  carbonic  oiide  to  be  the  ultimate  product,  the  quantity  of  nir  needed  to  supply 
sufficient  oiygou  for  eombnation  would  amount  to  at  least  five  times  the  weight  of  the 
fiwi  bnmt.  Consequently  the  total  qunntit;  of  nir  supplied  to  a  bliist-furnace  per  ton 
of  pig  iron  made  according  to  the  consumption  of  fuel  will  bo  as  follows: 


Fuel  consumed 

Quantity  of  air 

Tom       Cwt. 

Ton. 

Ten. 

I           3 
5         16 

2 
10 

3 

15 

The  greater  part  of  the  oxygen  in  this  air  is  consumed  in  burning  that  portion  of 
the  fuel  eicInsiTely  concerned  in  the  prodactiou  of  a  temperature  high  enough  for 
effecting  fusion  of  the  sUg  and  the  reduced  iron,  and  that,  port  of  the  oxygen  which  is 
consumed  in  producing  the  carbonic  oxiile  requisite  for  the  reduction  of  the  ore  does 
not  amount  to  quite  half  the  weight  of  the  iron  obtained. 

The  temperature  of  thegaa  produced  by  the  combustion  of  the  fuel  in  smelting  Iron 
ore,  and  discharged  from  the  thioiit  of  a  blast- rurnace,  differs  according  to  the  kind  of 
materials  used  in  the  smelting  operation,  the  height  of  the  furnace  shaft,  and  the 
mode  of  working.  In  the  Case  of  cbnrcoal  furnaces,  the  escnpiug  gas  has  generally  a 
temperature  mnging  from  300°  to  400°,  white  that  from  furnaces  worked  with  coal  or 
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coke  ia  much  hotter,  usually  ranging  £rom  600^  to  600^  and  upwards,  according  to 
ciieamstances.  The  whole  of  the  heat  corresponding  to  the  temperature  of  the  dis- 
charged gas  is  waste  heat,  except  in  so  far  as  it  has  served  at  an  earlier  stage  of  the 
operation  to  produce  the  high  temperature  requisite  for  the  fusion  of  the  reduced 
metal  and  slag  at  the  lower  part  of  the  furnace ;  and  it  is  only  by  applying  that  heat 
toother  purposes  for  which  it  may  be  available  that  it  is  possible  to  realise  the  fall 
economical  efficiency  of  the  fuel  consumed  in  the  smelting  of  iron  ore. 

The  extent  to  which  the  heat  generated  in  smelting  iron  ore  is  thus  dissipated, 
without  producing  the  full  useful  effect  of  which  it  is  capable,  may  be  judged  of  fiom 
the  fact  that  the  weight  of  the  gas  discharged  from  a  blast  furnace  exceeds  the  joint 
weight  of  the  air  and  fuel  con>umed,  amounting  to  from  eight  to  seventeen  times  the 
weiffht  of  the  pig  iron  produced. 

But  besides  the  waste  of  heat  due  to  the  high  temperatnre  of  the  discharged  gas, 
there  is  a  further  and  even  more  considerable  waste  of  heat  resulting  from  the 
circumstance  that  the  product  of  combustion  is  carbonic  oxide.  Consequently  the  gas 
discharged  from  the  furnace  contains  a  very  large  proportion  of  carbonic  oxide^ 
together  with  some  hydrocarbon  vapour  and  hydrogen,  and  in  all  ordinary  cases,  at 
the  temperature  at  which  it  escapes  from  the  furnace,  it  is  sufficiently  inflammable  to 
take  fire  on  coming  in  contact  with  atmospheric  air. 

The  consumption  of  fuel  in  iron  smelting  is  one  of  the  most  important  points  con- 
nected  with  the  economical  production  of  Uiis  metal,  and  it  is  exceedingly  desirable 
to  reduce  it  to  the  lowest  possible  limit.  The  amount  of  fuel  consumed  per  ton  of  pig 
iron  made  varies  considerably,  not  only  according  to  the  kind  of  fuel,  its  calorific  power, 
combustibility,  texture,  &;c.,  but  also  according  to  the  kind  of  ore  operated  upon  and 
numerous  other  circumstances.  Among  these  the  shape  of  the  furnace  has  an  infiuence, 
in  so  far  as  it  admits  of  the  easy  and  uniform  descent  of  the  charge  in  the  shaft 
Another  most  important  difference  in  the  consumption  of  fuel  is  that  resulting  from 
the  use  of  air  at  the  ordinary  atmospheric  temperature,  or  air  previously  heat^  to  a 
temperature  considerably  higher. 

So  great  is  the  influence  exercised  by  the  use  of  heated  air,  that  in  charcoal 
furnaces  the  consumption  per  ton  of  pig  iron  made  varies  from  half  a  ton  to  two  tons 
and  upwards,  according  as  hot  or  cold  air  is  used.  In  smelting  with  coal  or  coke  the 
consumption  usually  amounts  to  from  two  to  three  tons  and  upwards  with  cold  blast, 
and  witn  hot  blast  it  is  from  23  cwt.  to  two  tons. 

This  economy  in  the  consumption  of  fuel  is  to  a  great  extent  effected  by  utilising 
as  fuel  the  combustible  gas  which  is  discharged  from  the  throat  of  the  bmelting  fur- 
nace, and  thus  turning  to  account  the  heat  t£at  would  otherwise  be  wasted.  Some- 
times also  the  air-blast  is  heated  by  fuel  of  a  cheaper  kind  than  that  used  in  the 
smelting  furnace. 

In  either  case,  smce  the  temperature  of  the  air  is  raised  to  from  327^  to  700^ 
and  upwards,  a  considerable  quantity  of  heat  is  thus  conveyed  into  the  smelting 
furnace,  and  proportionately  less  fuel  requires  to  be  burnt  in  the  furnace.  Mor3over 
the  carbon  of  the  fuel  burnt  in  the  smelting  furnace  is  for  the  most  part  only  con- 
verted into  carbonic  oxide,  while  in  the  case  of  the  fuel  burnt  indicating  the  blast  it 
is  converted  into  carbonic  dioxide,  and  thus  produces  more  than  three  times  as  much 
heat  as  when  burnt  in  the  smelting  furnace.  The  full  advantage  of  this  difference  in 
heat  production  is  not  indeed  realised  in  the  smelting  furnace,  since  a  portion  of  the 
heat  developed  is  carried  off  in  the  product  of  combustion  from  the  hot  air  btoves,  and 
a  further  portion  is  lost  by  radiation.  A  further  advantage  attendingtho  use  of  heated 
air,  arises  from  the  larger  proportion  of  iron  ore  to  fuel  in  the  charge,  and  the  con- 
sequent greater  power  of  the  contents  of  furnace  to  absorb  heat  from  the  ascending  gas. 

The  heat  generated  when  carbon  is  burnt  to  carbonic  dioxide  amounts  to  8,000 
heat  units ;  but  when  carbonic  oxide  is  produced  the  amount  of  heat  generated  is  not 
quite  one  third,  or  2,400  heat  units,  so  that  as  regards  heatrproducing  power  the  effect 
is  the  same  as  if  only  one  third  of  the  carbon  in  the  fuel  consumed  had  been  converted 
into  carbonic  dioxide. 

Taking  the  consumption  of  tael  in  smelting  iron  ore  to  be  equivalent  to  a  quantity 
of  carbon  twice  as  great  as  that  of  the  pig  iron  produced,  the  quantity  of  carbon  that 
is  converted  into  carbonic  dioxide  by  the  reduction  of  ferric  oxide  will  amount  to  only 
one  sixth  of  the  whole.  The  heating  effect  produced  by  the  remaining  flve  sixths  of 
the  fuel  consumed  will  be  less  than  one  third  of  that  which  it  would  produce  if  the 
product  of  combustion  were  carbonic  dioxide.  In  other  words,  the  only  portion  of  the 
fuel  consumed  so  as  not  to  be  further  available  as  a  source  of  heat  is  that  equivalent 
to  the  reduction  of  the  iron  in  the  ore,  supposing  also  the  metal  to  be  in  the  state  of 
ferric  oxide,  the  carbon  thus  consumed  would  be  only  about  one  third  the  weight  of 
the  pig  iron  obtained,  and  when  the  consumption  of  ftiel  is  at  the  rate  of  two  tons  for 
the  ton  of  pig  iron,  it  will  amount  to  only  16  per  cent,  of  the  fuel  consumed. 
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Of  the  heat  actually  evolyed  in  the  smelting  operation,  a  portion  is  ahaorbed  in 
raising  the  temperatore  of  the  materials  constituting  the  charge,  and  a  further  portion 
is  rendered  latent  by  the  fusion  of  the  slag  and  reduced  iron,  as  well  as  by  some  of 
the  chemical  changes  which  take  place ;  furOier  portions  are  dissipated  as  sensible  by 
conduction  and  radiation,  by  the  heating  of  the  tuyere  water  and  heat  carried  off  by 
the  gas  discharged  from  the  furnace  throat. 

The  rate  at  which  the  mixture  of  carbonic  oxide  and  nitrogen  ascends  through  the 
column  of  materials  in  the  shaft  of  the  furnace  is  determined  by  the  rapidity  of  com- 
bustion and  fusion  at  the  tuyeres.  As  the  gas  comes  in  contact  with  the  iron  ore, 
reduction  will  take  place,  and  a  portion  of  the  carbonic  oxide  will  be  converted  into 
carbonic  dioxide.  Thero  is,  howeyei,  a  considerable  difference  in  the  susceptibility  of 
different  ores  to  reduction.  Consequently  the  reducing  effect  produced  under  con- 
ditions  otherwise  similar  may  be  very  much  less  in  some  cases  than  in  others  ;  and 
since  the  oxygen  in  the  oro  is  a  tolerably  constant  quantity  per  ton  of  pig  iron,  the 
way  to  ensure  its  separation  from  a  difficultly  reducible  ore  is  to  make  the  current  of 
gas  more  rapid,  or  to  increase  the  temperaturo  of  the  region  in  which  the  reduction  of 
iron  oro  takes  place.  The  adoption  ofthe  former  alternative  involves  the  consumption 
of  moro  fuel,  and  a  proportionate  increase  in  the  amount  of  carbonic  oxide  in  the  gas 
discharged  from  the  furnace.  The  latter  alternative  involves  a  possibility  of  the  ro- 
oouTersion  of  carbonic  dioxide  into  carbonic  oxide  by  reaction  with  carbon  of  the 
heated  fuel,  a  change  which  is  attended  not  only  with  absorption  of  heat,  but  also 
with  an  excessive  waste  of  carbon. 

Most  probably  the  reduction  of  the  ferric  oxide  in  the  iron  ore  by  reaction  with 
the  carbonic  oxide  in  the  ascending  gas  takes  place  progressively,  and  since  it  does  not 
requiro  a  very  high  temperaturo  it  may  extend  for  a  considerable  range  in  the  de- 
scending column  of  materials,  in  proportion  to  the  temperaturo  provailing  and  the  amount 
of  carbonic  oxide  in  the  gas. 

When  the  iron  ore  smelted  has  not  been  proviously  calcined,  and  it  contains  carbonic 
add  or  water,  these  substances  will  be  separated  during  the  descent  of  the  charge  in 
the  shaft,  and  will  mix  with  gaseous  products  of  combustion.  This  will  also  be  the 
case  with  the  carbonic  acid  of  the  limestone  used  as  a  flux,  and  if  coal  be  used  as  fuel 
its  Tolatilisable  portion  will  likewise  be  expelled  and  mix  with  the  ascending  gas. 
In  proportion  as  iJie  extent  of  this  admixture  is  greater,  the  gas  discharged  from  the 
throat  of  the  furnace  will  have  lower  heating  power  when  burnt,  and  theroforo  it  is 
desirable  to  reduce  the  amount  of  carbonic  acid  and  water  vapour  in  the  gna  by 
previous  calcination  of  the  ore  and  limestone  whenever  the  gas  is  to  be  used  as  fuel. 

In  all  cases  the  essential  conditions  for  securing  economy  of  fuel  are  to  reduce  as 
far  as  possible  the  temperature  of  the  gas  before  it  is  discharged,  and  to  convert  as 
much  as  possible  of  the  carbon  into  the  state  of  carbonic  dioxide.  By  augmenting 
the  capacity  of  the  blast  furnace  and  the  height  of  the  shaft,  these  effects  have  been 
produced  to  such  an  extent  that  the  discharged  gas  has  sometimes  a  temperaturo  of 
only  190^,  instead  of  600^  and  upwards,  as  is  the  case  in  some  furnaces.  At  the 
same  time  the  calorific  power  of  the  fuel  consumed  has  been  realised  to  such  an  extent 
that  the  carbonic  dioxide  in  the  discharged  gas  amounts  to  nearly  one-half  the  volume 
of  the  carbonic  oxide  associated  with  it,  as  shown  in  the  following  table : — 


LocaUty 

Height  of  shaft 

Capacity  of  furnace 

Relative  ^ 
CO 

rolome  of 
CO" 

feet 

cfeet 

Ferryhill 

80 

16,000 

100 

33-6 

f» 

103^ 

33,000 

100 

34-9 

Ormesby 

76 

20,640 

100 

34-6 

Conaett  . 

55 

11,400 

100 

31-9 

»»        • 

55 

10,300 

100 

40 

CSaronce . 

80 

11,500 

100 

4414 

ft       •        • 

80 

25,500 

100 

40-3 

»i       •        • 

11,500 

100 

39-64 

»»               • 

15,500 

100 

35-4 

The  advantage  of  a  large  furnace  with  a  high  shaft  may,  according  to  Mr.  Bell, 
be  regarded  as  consisting  in  the  removal  of  the  region  at  which  reduction  of  ferric 
oxide  and  carbon  deposition  takes  place  so  far  from  the  tuyeres  that  it  never  acquires 
A  temperature  high  enough  to  induce  the  conversion  of  carbonic  dioxide  into  carbonic 
oxide  by  combination  with  carbon.    When  that  is  done  the  furnace  has  reached  the 
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dimensions  necessary  for  working  with  the  maximum  of  carbonic  dioxide  in  the  dis* 
charged  gas,  the  least  loss  of  sensible  heat»  and  as  a  consequence  with  the  mipimnm 
amount  of  fuel. 

If  these  dimensions  are  exceeded,  the  result,  so  far  as  reduction  and  carbon  im- 
pregnation are  concerned,  is  the  establishment  of  a  region  of  neutral  character  in  the 
furnace,  which  may  probably  be  advantageous  in  secunng  regularity  of  action,  but  is  of 
no  value  in  altering  the  power  of  the  gas  to  hold  only  a  certain  amount  of  carbonic 
dioxide. 

K  the  operation  can  be  carried  on  so  that  the  whole  of  the  carbonic  dioxide  arising 
from  deoxidation  of  iron  ore  and  carburation  of  the  reduced  iron  escapes  in  the  gas 
discharged  from  the  furnace  at  a  temperature  of  about  275°,  the  air  does  not  require 
to  l)e  heated  beyond  297°  to  ensure  the  greatest  economy  of  f^el. 

The  use  of  hot  blast  also  admits  of  a  change  in  the  relation  between  the  solid  and 
gaseous  contents  of  the  furnace  that  has  the  effect  of  accelerating  the  distribution 
of  heat  from  the  gas  through  the  solid  materials  which  are  thus  heated  more  rapidly 
while  the  gas  is  more  folly  saturated  with  oxygen  in  consequence  of  its  longer  reten- 
tion in  the  furnace.  Supposing,  for  instance,  a  furnace  of  6,000  cubic  feet  capacity 
has  supplied  to  it  by  means  of  hot  air  a  quantity  of  heat  equal  to  6  cwts.  of  carbon 
over  and  above  what  it  would  receive  if  the  air  were  driven  in  at  the  atmospheric 
temperature,  the  proportion  of  fuel  in  the  charge  could  be  reduced  to  that  extent,  and 
the  result  would  be  a  reduction  of  the  volume  of  gas  flowing  upwards  through  the 
contents  of  the  shaft,  equal  to  nearly  ten  per  cent,  of  the  volume  the  gas  would  have 
when  cold  blast  is  used  and  the  consumption  of  fuel  amounts  to  60  cwts.  per  ton  of 
pig  iron.  The  carbonic  oxide  would  therefore  be  retained  one-tenth  longer  in  the 
furnace,  and  it  would  have  a  greater  opportunity  of  heating  the  solid  contents  of  the 
shaft  and  absorbing  oxygen  from  the  iron  ore. 

As  a  general  result  of  the  experimental  investigation  carried  out  by  Mr.  Bell,  it  is 
inferred  that  the  value  of  hot  blast  is  in  no  way  dependent  on  the  increase  of  intensity 
of  heat  in  the  ^mace,  but  that  the  differences  in  the  amounts  of  fuel  requisite  for 
smelting  different  kinds  of  iron  ore  are  due  to  the  fact  that  the  rate  of  reduction  must 
be  almost  as  rapid  as  the  rate  of  fusion.  The  means  by  which  economy  of  fuel  is  to 
be  effected  in  accordance  with  this  principle,  are  to  increase  the  capacity  of  the  fVimace 
sufficiently  to  ensure  the  most  perfect  combustion  of  the  fuel  inside  the  smelting 
furnace,  instead  of  having  carbonic  oxide  outside  the  fdmace  and  returning  to  it  the 
heat  so  generated  in  the  hot-air  apparatus.  The  improvement  on  the  consumption  of 
fuel  in  certain  cases  by  the  use  of  hot  blast,  is  therefore  not  so  much  due  to  the 
additional  heat  conveyed  into  the  hearth  of  the  smelting  furnace  as  to  the  increase  in 
the  reducing  energy  of  the  furnace  gas  consequent  upon  the  increased  temperature  to 
which  the  ore  is  raised  in  the  upper  portions  of  the  shaft. 

The  following  tabular  statement  of  the  result  of  analyses  of  gas  taken  from  different 
heights  in  the  shafts  of  blast  furnaces  will  serve  in  some  degree  to  illustrate  tlie 
nature  of  the  changes  resulting  from  the  chemical  reaction  taking  place  between  the 
gaseous  products  of  combustion  and  the  solid  materials  contained  in  the  shaft.  The 
formation  of  carbonic  oxide  is  probably  one  of  the  most  important  features  of  the 
smelting  operation,  since  there  is  every  reason  to  believe  that  the  reduction  of  the 
iron  ore  is  effected  mainly,  if  not  entirely,  by  this  gas,  aided  perhaps  in  some  instances 
by  hydrocarbon  vapour  and  gas  produced  from  the  fuel  by  the  action  of  heat.  In  the 
immediate  neighbourhood  of  the  tuyeres,  the  oxygen  of  the  air-blast  becomes  saturated 
with  carbon  immediately  it  comes  into  contact  with  the  fuel  at  that  part  of  the 
furnace.  It  is  at  this  point  that,  while  the  fuel  is  being  consumed,  the  reduced  metal 
and  the  earthy  substances  mixed  with  it  are  melted,  and,  falling  down  into  the  hearth, 
make  room  for  a  fresh  quantity  of  the  material  in  the  shaft  of  the  furnace  to  sink 
down  and  undergo  the  same  change,  while  the  gaseous  mixture  of  carbonic  oxide  and 
nitrogen  ascends  and  communicates  its  heat  to  the  materials  in  the  upper  part  of  the 
shaft. 

The  volume  of  the  carbonic  oxide,  formed  by  the  conversion  of  oxygen  into  carbonic 
oxide,  is  twice  that  of  the  oxygon  consumed,  and  when  carbon  is  burnt  in  this  manner 
by  atmospheric  air,  containing  21  per  cent,  of  oxygen  by  volume,  the  gas  produced 
will  have  the  following  percentage  composition  by  volume : — 

Carbonic  oxide   ....        34*71 
Nitrogen 66-29 


100- 


The  ratio  of  oxygen  to  nitrogen  in  this  mixture  is  2658*1,  the  same  as  in  atmo- 
spheric air.  On  referenoe  to  the  table  giving  the  composition  of  the  gas  in  the  smeltiag 
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fhmace,  it  will  seem  that  even  in  the  gas  at  the  bottom  of  the  ftimace  the  oTygeia  it 
contains  almost  inyariably  exceeds  this  proportion.  Mr.  Bell  is  of  opinion  that  this 
excess  of  oxjgen  in  the  gas  at  and  near  the  level  of  the  tuyeres  is  due  partlj  to  the 
formation  of  ^anogen  and  the  reduction  of  alkalies  accompanying  the  fbrmation  of 
alkaline  cyanides,  partly,  also,  to  the  reduction  of  silica,  snfphnric  oxide,  phosphoric 
oxide,  and  probably  lime :  he  also  considers  that  a  farther  addition  of  oxygen  to  the 
gas  results  from  the  presence  of  some  oxygen  in  a  state  of  combination  with  the 
spongy  metal,  which  cannot  be  removed  by  the  action  of  carbonic  oxide,  but  only  when 
the  metal  is  undergoing  fusion  and  the  finely  divided  carbon  mixed  with  the  spongy 
metal  reacts  with  the  oxidised  portion.  The  following  tabular  statement  of  the  relative 
quantities  of  carbon,  oxygea,  and  nitrogen  in  the  gas  at  different  levels  of  the  smelting 
fomace,  as  deduced  from  the  foregoing  analysis,  will  show  clearly  the  extent  to  whi^ 
there  is  a  variation  in  the  ratio  of  oxygen  to  nitrogen  by  volume. 
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It  is  also  evident  from  these  data  that  at  some  distance  above  the  level  of  the 
tuyeres  the  amount  of  carbon  in  the  gas  is  less  in  proportion  to  the  nitrogen  than  it 
is  at  a  lower  level.  This  reduction  in  the  amount  of  carbon  is  probably  due  to  deposi- 
tion of  carbon  by  the  decomposition  of  carbonic  oxide,  which  takes  place  simultaneously 
with  the  reduction  of  ferric  oxide,  and  appears  to  be  a  very  important  feature  of  the 
action  taking  place  in  the  smelting  furnace.  The  temperature  at  which  the  elimina- 
tion of  carbon  takes  place  is,  according  to  Mr.  Bell,  between  399^  and  456^,  and  it 
accompanies  the  reduction  of  ferric  oxide  by  carbonic  oxide.  The  carbon  thos 
eliminated  appears  to  be  diffused  throughout  the  mass  of  the  iron  ore  undergoing 
reduction,  and  this  absorption  of  the  carbon  is  attended  with  a  considerable  disin- 
tegration of  the  iron  ore,  to  such  an  extent  that  it  is  often  converted  into  a  black 
pulverulent  mass. 

Manufacture  of  Malleable  Iron. — There  are  two  methods  by  which  iron  may  be  pro- 
duced in  such  a  state  as  to  be  capable  of  being  wrought  by  hammering  or  roUinff. 
According  to  the  one  method,  which  was  formerly  the  only  one  adopted,  the  metal  is 
obtained  by  heating  a  suitable  iron  ore  in  contact  with  charcoal  burning  under  the 
influence  of  a  blast  of  air,  as  in  a  smith's  forge.  The  reduction  of  the  iron  in  this 
case  is  probably  effected  entirely  by  carbonic  oxide,  and  since  the  tempenture  is  not 
high  enough  to  determine  the  carbur.it iou  of  the  metal  to  such  an  extent  as  is  requisite 
for  the  formation  of  cast  iron,  the  reduced  iron  is  obtained  in  the  state  of  a  ooherent 
spongy  mass,  termed  a  bloom,  which  is  then  rendered  compact  by  hammering  it  while 
red  hot  so  as  to  weld  or  unite  together  the  particles  into  one  mass.  Ovlj  ue  richer 
Jkiiids  of  iron  ore  can  be  worked  in  this  way,  and  even  with  such  ore  the  piodiictioo  of 
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1 1;^  tba  dinct  method  is  aliraja  attanded  vith  vmj  eonndaiabla  waste, 
pottiOD  of  tbe  meUl  eMapea  complete  redacUon  and,  in  the  state  of 
eomtrinea  with  the  silicious  and  earthy  portioDa  of  Che  ore,  giving  ri*e  to 
1  of  *  reedilj  fQBible  alag  coDBJating  ehioSy  of  ferroiu  eiliate. 

method,  by  which  malleabla  iroQ  is  now  chiefij  produced,  coniists  in 
10  fuible  orbnrett«d  pig  iron  in  such  a  way  at  to  deprive  it  of  tbe 
f  the  carbon  and  eilieon  it  contaioa.  TMb  is  in  all  eawa  effected  bj  a 
ion  of  the  piff  iron,  tbe  eicees  of  carbon  being  bnmt  tngethcr  with  the 
k  portion  of  uie  iioa  is  at  tbe  same  time  oxidised.  A  foiible  eleg  consiit- 
■ilieate  is  thus  formed,  which  reacts  upon  the  remaining  corboretted  iron, 
■eparatiog  a  further  pi>rtion  of  tbe  carbon,  an  well  as  other  snbetances 
]usntlj  present  Ic  pig  iron  and  would  be  prejudicial  to  the  qnalit;  of 

Gtion  of  malleable  iron  by  tbe  direct  method  is  chiefly  praetissd  accord- 
termed  the  CataUn  method,  which  conaistA  in  heatjng  the  roasted  ore 

lire  urged  by  a  blast  in  a 

limilar  in  itji  general  cha- 

idopted  in  woikiog  a  smith's 

lost  important  part  of  the 

for    this   operation   is    the 

li  is  a  Dearly  cubical  cham- 

one  and  lined  with  slabs  of 

:.  388)  at  the  back  and  front, 
placed  against  a  wall  (n  h  ) 

1  the  tnjiara  (t)  of  the  blow- 

mjecta  mlo  tjie  hearlh   The 


broken 


d  placed  againiit  the 
larth  (ii),  while  the  remftiii 
ia  filled  with  chnrcoal  nnil 
rth  ia  Riled  in  thia  way  llit' 
tbe  hrap  of  ore  fonoK  a 
a  surface (,./]y)being covered 
of  closely  packed  charcoal 
«  is  thea  n^^  I9  the  bloat 
comes  gradunll;  deoiidiaed 

Xe,  or  earthy  Bubatance 
ore.  combines  with  a 
ronsoxide,formiDg  a  fusible 

which  runs   down  to   the  "" 

hearth.  Fresh  cbarcoil  Hnd  finely  divided  on  are  conHtantly  snpplted 
uiwbile,  and  eventually  the  deoxidised  cietal  sinke  down  in  a  pnaty  con 
bottom  of  the  hearth  where  tbe  fragments  ore  worked  l^getber  by  a 
I  a  spongy  msse.  which  ia  taken  from  tile  Ore  and  rendered  solid  by 
bile  still  red  hot.  bo  ns  to  crush  the  metallic  particleB  ;  it  is  then  drawn 
under  a  forge  hunmer. 

luetion  of  iron  ore  by  this  method  the  conaumptian  of  fuel  is  very  cun- 
1,  u  charcoal  maat  be  employed,  it  can  only  be  practised  in  districts 
■  very  abundant  and  cheap.  This  mode  of  making  malleable  iron  ia  now 
Ij  abandoned  in  Kurope,  htt  in  some  parts  of  America  it  is  ttilt  adopted. 
noDsivaly  than  it  waa  at  one  time. 

of  other  methods  of  producing  malleable  iron  direct  from  iron  ore  have 
1  f^m  time  to  time ;  thus,  for  instance,  Ohenot  subjected  a  miitare  o( 
te  or  other  rich  ore  with  charcoal  to  a  high  temperature  in  close  chambers 
lall^,  and  thus  obtained  spongy  met^c  iron  which  was  afterwards 
ler  into  a  compact  mass,  Gurlt  endeavoured  to  effect  the  reduction  of 
wting  it  in  an  atmosphere  of  carbonic  oxide,  end  afterwards  to  obtain 
>  oompact  atate  by  welding. 

period  Siemens  endeavoured  to  produce  malleable  iron  direct  from  the 
iagr  tlla  spongy  metal  in  melted  pig  inm.  In  the  first  instance  the  iron 
ad  b^  heating  it  with  charcoal  in  vertical  cylinders  healed  externally, 
— '^-'nre  of  fuel  was  too  large,  a  rotating  chamber  waa  tried  in  the  in- 
•  mixture  of  charcoal  and  iron  ore  was  heated  bv  tbe  flame  of 
y  metal  waadeliveredintoa  bath  of  melted  pig  iron  until 
o  produce  malleable  iron.  It  was,  however,  found 
■ongy  metaJlie  iron  absorbed  sulphur,  the  production  of  good  iron  by 
ni'Idag  could  not  be  accompliahed. 


ud  tha  spoagy  ix 
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A  farther  improvement  consisted  in  first  melting  the  iron  ore  with  snitable  lliizes 
and  then  stirring  up  the  liquid  mass  with  sufficient  carbonaceous  material  to  pre- 
cipitate metallic  iron  in  a  compact  state  while  the  earthy  constituents  of  the  ore 
formed  a  fusible  slag.  It  was  found  that  the  reduction  of  iron  in  this  way  could  be 
accomplished  only  at  a  Teiy  intense  heat  far  exceeding  the  welding  heat  of  iron,  but  the 
iron  so  produced  was  very  pure,  even  when  there  were  considerable  amounts  of  sol 
phur  and  phosphorus  in  the  ore  and  the  fuel  used. 

The  operation  is  carried  out  in  a  rotating  cylindrical  chamber  lined  with  a  Teiy 
refractory  material  made  of  bauxite  mixed  with  some  fire  clay.  This  cylindrical 
chamber  is  mounted  on  friction  wheels  and  fitted  with  wheel  gearing,  so  that  it  can 
be  made  to  revolve  about  once  in  a  minute,  and  thus  mix  the  ingredients  of  the  chaxge 
operated  upon.  At  the  same  time  a  mixture  of  gaseous  fuel  and  air  is  supplied  to 
the  chamber  to  keep  up  a  sufficiently  high  temperature,  and  when  the  reduced  iron 
assumes  the  form  of  balls,  it  is  taken  out  and  shingled  in  the  usual  manner. 

The  production  of  malleable  iron  by  the  indirect  method  is  oondacted  in  thrsi 
different  ways,  either  by  heating  pig  iron  in  an  open  hearth  or  forge,  termed  a  finery, 
or  in  a  reverberatory  furnace,  and,  while  it  is  in  a  partially  fused  pasty  condition,  ad- 
mitting sufficient  access  of  atmospheric  air  to  effect  the  requisite  degree  of  oxidation; 
or  by  submitting  melted  pig  iron  to  the  action  of  a  current  of  atmospheric  air,  forced 
through  it  until  a  sufficient  degree  of  decarburisation  is  effected.  When  the  open 
hearth  is  employed  the  fuel  used  is  generally  charcoal,  and  this  method  of  produang 
malleable  iron  is  therefore  termed  the  charcoal  finery.  When  the  reyerberatozy 
furnace  is  used,  the  operation  is  termed  puddl  ing,  and  the  third  method  of  forcing 
air  into  melted  pig  iron,  recently  introduced  by  Benemer,  is  termed  converting. 

The  main  distinction  between  the  treatment  of  pig  iron  in  the  charcoal  finery  and 
in  reverberatoiy  furnaces  is  that  in  the  former  case  charcoal  is  employed  as  fuel,  and 
in  contact  with  the  pig  iron  operated  upon,  while  in  the  latter  case  Uie  iron  ia  acted 
upon  in  a  separate  cnamber  without  actual  contact  with  the  fuel,  so  as  to  admit  of 
coal  being  used. 

For  the  production  of  malleable  iron  in  this  way  white  pig  iron  containing  but  a 
small  amount  of  carbon  is  most  suitable,  because  in  melting  it  does  not  become  so 
liquid  as  grey  pig  iron,  but  acquires  a  viscous  condition  which  admits  of  its  being 
stirred  about  so  as  to  present  a  greater  extent  of  surface  to  the  oxidising  infiuenoe 
of  the  air.  Moreover,  the  carbon  existing  in  a  state  of  chemical  combination  in  white 
pig  iron  is  oxidised  much  more  readily  than  the  graphitic  carbon  in  grey  pig  iron. 

The  production  of  malleable  iron  in  the  charcoal  finery  is  carried  out  in  diffisrent 
localities  with  a  great  variety  of  modification  in  the  details  of  manipulation,  some  of 
which  are  determined  by  special  peculiarities  in  the  nature  of  the  material  operated 
upon,  while  others  depend  upon  less  important  circumstances. 

The  hearth  and  its  accessories  ore  generally  constructed  in  the  manner  represented 
by  figs.  390  and  400.   The  vertical  section  %.  399  shows  the  hearth  (o)  lined  with  iron 
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Fio.  399. 


Fio.  400. 


slabs  two  or  three  inches  thick,  the  bottom  plate  havine  a  cavity  (tn)  beneath  it  into 
which  water  can  be  run  through  the  tube  (^),  when  it  is  uesimble  to  cool  the  contents  of 
the  hearth,  and  hasten  the  solidification  of  the  iron.  The  bhist  of  air  is  furnished  by 
means  of  bellows  {a  6)  as  in  a  smith's  forge,  and  they  are  often  worked  by  a  water- 
wheel  (c)  driving  a  shaft  carrying  canes  (d,  /,  e  g).  At  the  back  of  the  hearth  there  is 
AD  arched  opening'(jr)  in  the  wall  supporting  the  hood,  and  through  that  opening  the 
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toyvns  of  the  bellows  aze  fitted  so  as  to  deliyer  the  air  at  a  suitable  angle  into  the 
hearth. 

The  pig  iron  is  melted  aboTe  the  tuyere,  so  that  it  may  not  be  exposed  to  the 
action  of  the  blast  nntil  it  is  melted,  and  it  is  then  kept  in  a  proper  state  of  ftision  by 
regulating  the  blast  At  interrals  the  blast  is  stopped,  and  after  the  flag  has  been 
ran  out  of  the  hearth,  the  mass  of  metal  is  lifted  up  from  the  bottom  and  a  fresh 
supply  of  charcoal  placed  beneath  it.  When  the  consistency  of  the  metal  indicates 
that  the  decarburation  has  been  carried  &r  enough,  the  mass  is  again  raised  up, 
eoTored  over  with  charcoal,  and  subjected  to  a  strong  welding  heat  by  which  Ihe  ad- 
hering slag  is  melted  and  detached,  while  the  iron  is  brought  to  su(^  a  temperature 
that  it  can  be  hammered  into  a  compact  lump  or  bloom. 

During  the  first  stage  of  the  opemtion,  a  slag  is  produced  which  is  readily  iiisible 
and  Teiy  liquid,  but  solidifies  rapidly,  forming  a  blackish-grey  ciystalline  mass  of 
metallic  lustre  and  frequently  iridescent.  Notwithstanding  the  crystalline  structure 
of  this  slag,  it  is  sometimes  porous.  Chemically  it  presents  some  analogy  to  olivine  not 
only  in  its  composition,  as  shown  by  the  following  analyses,  but  also  in  its  general 
characters  and  the  crystalline  form  it  sometimes  presents. 

Analyaea  of  Poor  Slags  fiom  the  Charcoal  Finery. 


Ferric  oxide 

mtacher. 
Uch 

Bammcls- 
berg 

Walchner 

Wiegand 

DDgendt 

9FeO.BiO. 

^^^ 

2-26 

.^_ 

.^^ 

0-74 

^p^ 

Ferrous  oxide 

67-24 

63-61 

6204 

67-3 

66-83 

70-69 

Manganous  oxide 

— 

— 

2-64 

4-6 

— 

— 

Magnesia    . 

0-66 

— 

1-40 

— 

— 

Lime  .... 

— ~ 

2-8 

-— 

— 

Alumina 

_— 

— 

— 

3-0 

— 

— _ 

Potash 

— — 

— 

0-28 

— 

Silica  .... 
Percentage  of  iron 

3116 

34-38 

32-34 

32-4 

33-47 

29-41 

9905 

10014  • 

98-70 

1000 

62-30 

60-69 

48-26 

44-96 

— 

The  slag  formed  towards  the  end  of  the  operation  is  less  liquid  than  that  just 
described  ;  but  it  does  not  solidify  so  rapidly,  and  forms  an  agglutinated  mass  of  iron- 
gre^  colour,  considerable  density  and  compact  fracture.  The  composition  of  this  slag 
Tanes  very  much,  as  shown  by  the  analyses  given  in  the  following  table,  and  the 
later  the  period  at  which  it  is  formed  the  mgher  is  the  amount  of  iron  it  contains.  In 
some  instances  this  slag  may  contain  a  compound  of  ferric  oxide  with  ferrous  oxide, 
together  with  a  basic  silicato  3FeO  jSiO,,  the  percentage  composition  of  which  is  78-26 
ferrous  oxide  and  21-74  silica. 

JnaXysea  of  Rich  Slag  from  the  Charcoal  Finery, 


Ferric  oxide 
Ferrous  oxide  . 
Manganous  oxide 
Magnesia . 
Lime 

Alumina  . 
Potash 
Silica 
Phosphoric  acid 

Percentage  of  iron    . 

Winokler 

Sebtrttm 

padius 

BertUer 

Btrtta 

Kftnten 

Hoff- 
mann 

82-9 
3-2 

13-9 

82-1 
6-8 
2-8 

7-6 

7700 
300 

1-76 
3-00 

10-26 
1-76 

740 
3-6 

1-8 
1-2 

19-8 

71-3 
2-7 

21-4 
3-7 

61-2 

6-7 
2-4 
0-9 
0-2 

181 

6-00 
7116 

0-46 
1-26 

2101 

1000 

99-3 

96-76 

100-4 

991 

89-6 

99-88 

64-48 

1 

63-86 

69-89 

67-66 

66-46 

47-6 

69-60 

In  addition  to  the  two  kinds  of  slag  produced  in  making  malleable  iron  by  the 
charcoal  finery  method,  a  further  portion  of  the  metal  is  converted  by  oxidation  into 
magnetic  oxide  which,  in  the  form  of  forge  scale,  coats  the  blooms  while  thft^  vt^ 


being  taken  from  the  hearHi  uid  irsldad  togethor 

reduce  ths  watte  of  mstal,  this  scale  ii  added  Co  Clie  charge  in  mb<eqneat 

and  it  aerTes  to  promote  the  decarbnrstioii  of  the  pig  iron. 

la  the  prodnctioa  of  malleable  iron  b;  this  raocau,  the  eepaistion  of  earboB, 
eilicon,  phoaphorus  nnd  mangnlKW  ftora  Uis  pig  iron  ii  effected  b;  the  ozidBtitn  at 
tfaaM  tmiBtantHifl,  parti/  bj  the  direct  action  of  atmoepherie  air  and  putl;  bj  the 
ferric  oxide  bjkI  ferroui  oiido  in  the  slag  formed  tavarda  the  end  of  the  operation. 
When  corburettsd  iron  ia  heated  in  conUct  with  ferric  oxide  or  magnetic  oiide  of  inm 
they  field  i:arbonlc  oiide  gas  and  metallic  iron.  Under  the  name  cooditiooi  lilidda 
of  iron  yields  normal  ferrous  silicate  which  forms  slag,  but  this  sabMance  ii  not  de- 
composed when  heated  to  redness  in  contact  with  c&rburstted  iron  or  with  carbon, 
and  it  is  only  st  a  Tary  hig^  temperature  that  an;  reaction  takes  place  resulting  in 
rednctiou  of  the  iron.  HoweTer.  the  banefarroni  nlicateeontainediD  the  elogfimned 
at  a  later  Mage  of  the  operation  is  decomposed  even  at  a  red  heat  by  cirbaretted  iron, 
and  while  Ihe  eicees  of  ferrous  oxide  in  the  slag  is  reduced  to  the  melallic  state,  carbon 
ia  abstracted  from  the  pig  iron. 

When  ibe  pig  iron  ie  first  melted  down  in  the  hearth,  normal  ferrona  silicate  is 
formed,  partly  by  the  oxidation  of  silicide  of  iron  in  the  pig,  and  partly  hIso  bj  the 
combinatioB  of  ferrous  oxide  with  silica  derivad  from  the  asbee  of  the  ^el  and  from 
sand  adhering  to  the  metal.  The  slag  thus  produced  takes  up  the  ferrous  oxide  con- 
tinimlly  formed  by  theoxidatioa  of  the  metal,  gradnally  becoming  richer  in  iron,  andin 
this  state  it  acts  as  an  oxidising  agent  upon  the  carbon  of  the  pig  iron,  at  the  same  time 
an;  manganese  or  phoBphoroa  present  in  the  pig  iron  is  also  oxidised  and  taken  up 
b;  the  ulag  as  maoganous  oxide  and  pboapbonc  acid. 

The  conTerBioQ  of  pis  iron  into  malleable  iron  by  this  method  must  not  be  carried 
on  too  rapidly,  or  the  oxidation  of  the  silicon,  phoephoms,  eW.  wilt  not  be  complete, 
and  consequently  the  decarburieed  irou  will  be  impnre.  TiiiB  ie  especially  the  case 
with  the  Ibsb  pure  Tarietieg  of  pig  iron.  Bat  it  is  equally  important  Chat  the  opera- 
tion should  not  be  protracted  so  far  as  to  couse  unnecessary  waste  of  iron  by  oxidation. 
In  all  caees  this  waste  ia  considerable,  since  much  more  iron  ia  oxidised  than  is  re- 
quisite for  effecting  tbe  chemical  changes  that  take  place  sad  the  malleable  iron 
obtained  doee  not  on  the  average  amount  to  more  than  from  70  to  75  per  cent,  of  the 
pig  iron  operated  upon.  The  waate  is  leas  in  working  white  pigiron  than  in  working 
grey  pig  iron,  which  is  more  liquid  when  melted,  and  less  reaiiiW  decarliuritod. 

The  charcoal  finery  employed  in  South  Wales  for  the  production  of  a  superior  kind 
of  iron  Bailable  for  the  manufiicluret^  tin  plati:  is  ropresiu'ed  bySg.  401.  ItconBiatsaf 
a  rectangular  besjih  formed  of  cast- 
iron  Blabs,  set  in  brickwork.  The 
bottom  slab  is  cast  hollow  in  order 
that  it  may  be  kept  cool  by  the  circu- 
lation of  a.  current  of  air  through  it 
while  the  hearth  is  being  worked. 
The  hearth  is  enclosed  within  bri  J( 
walls,  and  the  waste  gas  from  ths 
Are  ia  carried  off  by  a  chimney. 
Sometimes  the  pig  iron  U  heated  by 
this  gas,  or  even  melted  in  a  eeparata 
furnace  before  it  ia  introduced  inia 
the  finery,  the  object  being  to  econo- 
mise ftiel  and  to  expedite  the  opeia- 
IJon.  The  chareou  finery  is  now 
conBtmct«d  of  larger  dimensions 
than  formerly,  and  the  pig  iiion  it 
first  run  down  under  coke  so  as  to 
obtain  it  in  the  state  of  white  [ug 
Iron,  which  ia  dBcarburieed  bj  heal' 
ing  it  with  charcoal   in  tbe   flnerj 
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hearth.    When  the  chaii 


worked  under  a  hammer  into  a  slab- 
abaped  mass  called  a  stunp,  which  is  then  broken  into  pieces,  and  a  number  of  tfarm 
piled  upon  a  kind  of  shovel  are  raised  to  a  welding  heat  in  the  centre  of  a  mass  itf 
Ignited  charcoal;  the  pile  is  then  again  bammered  into  slabs,  which  »ra  rdMated. 
cut  up.  and  rolled,  first  into  bars  and  then  into  sheets  of  tbeai»and  ihicknen  raqnired. 
Toe  fuel  employed  in  producing  malleable  iron  from  pig  iron  in  this  waj  i*  almost 
always  charcoal,  and  the  operation  Is  essentially  of  the  same  nature  as  tlwt  mliead; 
described  as  being  carried  out  iu  various  parts  of  the  cautiaant,  the  snp>  '       * 
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metal  produced  and  koown  aa  chareeal  iron  being  id  aJl  cases  ehiefl;  duotu 
ritf  of  the  fqel  employed. 

a  IjBiicaBhira  hearth  or  charcoal  flosrj  is  reprsBented  b;  figs.  102  anillOS.    The 
ia  ••ballow  qmtdraDgiilitr  apaoe  tanned  of  cast-iron   pUtea  (abet,  fig.  408). 
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Fio.  lOS. 
r  tlw  hearth  is  an  open  nhnljov  eaat-iron  box  having  a  gutter  (/)  cm  one  aide, 
li  ronnd  hole  in  the  pent™,  the  sides  of  which  are  (sised  eo  that  witter  may  be 
in  the  box  when  the  tnmau)  is  working  Hot  blast  ia  uai.-d  in  the  operation, 
lie  ppfs  (f  i°)  for  huslmg  the  iiir  are  arranged  in  the  fine  by  which  the  product 
on,  escaping  through  the  opening  (i)  is  oamod  off  into  the  chimney  (d). 
_   ^  _         Hy  TTipmiB  fiT  IhD  iijp  (i^  Bllapyii'i!  \n  thn  tnyere 

[         1  l"Jt  a  current  ol  wiitcr  is  madt  to  circnlnte  within 

1  [lio  bui  BO  Hs  to  protect  it  from  the  inHnancs  of 

I  he  beat  nhore  it  projects  lutolbe  hesxth. 


■t4nM  plaU  (m)  11  for  henting  the  bl 
t  of  tlia  bauth.  The  opening  («)  sei 
g  thafllM. 


sat  moN. 

The  mlMtitntioD  of  *■  raTsrtKrator;  farnaos  foi  the  <^«n  hearth  io  UMprodoelim 
of  mallenble  iron  ftom  pig  iroa  was  attempted  with  the  abject  of  niing  coal  in  the 
opuatioB,  and  the  introduction  of  tbia  B^gtem  b;  Cort  in  17B1  wa*  one  of  tlie  most 
important  epocha  ia  the  hitter;  of  the  iron  trade.  The  chief  point  in  whi^  thia 
method  of  puddling  differ*  from  that  of  the  charcoal  finei;  ii  the  deearbnrBtion  of 
the  pig  iron  in  a  chamber  separated  bf  it  Tall  or  fire  bridge  from  the  nuaaoe  in  wfaidl 
the  fuel  ia  burnt.  The  metjd  ia  thna  kept  oat  of  contact  with  Che  fnel,  and  ia  aetad 
npoo  only  bj  the  flame  Siud  hot  gaaeoue  product  of  combnition,  pauiug  OTer  the  Are 
bridge  into  the  chamber  containing  the  iron.  Bj  thia  anangemaut  the  coDtamiuitiail 
of  the  iron  with  the  impuiitiea  alwaja  preeeni  In  coal  ia  praientod. 

The  conBtmction  of  n  puddling  furnace  is  represented  by  fig*.  404,  40S,  and  404,  in 
elevation,  vertical  and  horizoutal  sections.  It  is  built  of  brick  and  cased  with  strong 
plates  of  cast  iron  held  together  by  iron  bars. 
The  Ore  place  {bb)  is  shown  in  the  sections,  and 
at  one  side  of  it  ia  the  firing  hole  (a) ;  it  la 
separated  by  the  Are  bridge  (e)  &om  the  bed 
of  the  vorkiitg  chamher  (/),  and  the  arched  roof 
of  this  chamber  dips  down  at  the  end  next  tO  ' 
the  chimney  (i)  so  as  to  bring  the  flame  from 
theflce  place  into  contact  with  the  pig  inn.  Ths 
bed  or  hearth  {dd)  of  the  working  chamber  ia 
constmcted  of  cast-iron  plates  corerad  with  a 


jarer  of  red  iron  ore,  or  tome  other  material  connatiDg   chieAr  of  ftoria  oriile. 
The  workiu^  door  by  which  the  opening  (;)  is  closed  has  a  amall  nola  at  tha  bcttom 
.k  _i — k  —  I. —  . — 1  ig  paaged  for  the  pnipose  of  stirring  the  melted  metaL 


Jmt  below  tils  door  and  lerel  with  the  surface  of  the  hearth  is  a  small  hole  oallad 
the  Boss  or  tap  hole,  that  c«ii  be  closed  with  a  ping,  and  through  iriiich  tb*  sli| 
fbrmed  <m  the  he«rth  is  ran  out  at  intarvala.    Sometimea  the  slag  is  allowod  to  m 
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ftiroj  Umragh  a  hole  (k)  below  the  chimney.  The  door  (A)  serveB  fbr  intzoducing 
ft  fimh  ehazge  of  pig  iron  into  the  paddling  chamber.  The  chimney  (i)  is  generally 
from  80  to  60  feet  high,  and  it  is  furnished  with  a  damper  at  the  top  for  regulating 
Um  draughty  as  shown  by  fig.  404. 

The  chemical  changes  that  take  place  in  the  production  of  malleable  iron  by  puddling 
are  essentially  the  same  as  those  already  described  under  the  head  of  the  charcoal  finery, 
the  decarburation  being  effected  by  the  joint  action  of  the  atmospheric  air  passing 
through  the  working  chamber,  and  of  materials  capable  of  yielding  oxygen,  such  as  basic 
ferrous  silicate,  forge  scale,  ferric  oxide,  etc. 

In  the  production  of  malleable  iron  by  puddling,  oxidation  takes  place  by  the  direct 
action  of  atmospheric  air  more  readily  than  in  the  charcoal  finery,  since  the  melted 
pig  iron  on  the  bed  of  the  puddling  chamber  exposes  a  larger  surface,  and  it  is  more 
r^dily  stirred  about  than  in  a  hearth  ;  but  the  reaction  of  basic  ferrous  silicate  and 
other  ferruginous  materials  capable  of  yielding  oxygen  to  the  pig  iron  is  also  of  con- 
sideiable  importance,  and  in  order  to  promote  this  reaction,  it  is  requisite  to  maintain 
a  constant  intermixture  of  the  pasty  iron  with  the  liquid  slag.  By  the  addition  of 
hammer  scale  or  powdered  hematite  at  intervals,  the  slag  is  rendered  more  basic  and 
of  a  pasty  consistency,  and  on  subsequently  raising  the  heat,  the  oTolution  of  blue 
flames  of  carbonic  oxide  indicates  the  progress  of  the  decarburation. 

Under  the  influence  of  the  free  oxygen  in  the  atmosphere  of  the  puddling  chamber, 
a  portion  of  the  iron  is  oxidised,  and  at  the  same  time  the  carbon,  silicon,  sulphur, 
phosphorus  and  manganese  present  in  the  pig  iron  are  gradually  oxidised,  either  by 
the  direct  action  of  atmospheric  oxygen  or  by  reaction  with  the  ferruginous  oxides 
added  to  the  pig  iron  and  formed  during  the  operation.  As  a  result  of  Uiis  oxidation 
a  slag  is  produced  consisting  of  ferrous  and  manganous  silicates,  together  with  mag- 
netic oxide  of  iron  and  the  yarious  earthy  impurities  present  in  the  pig  iron  operat^ 
upon,  as  well  as  part  of  the  sulphur  and  phospnorus  it  contained,  the  one  probably  in 
the  state  of  sulphide  and  the  other  as  phosphate. 

Another  mode  of  conducting  this  operation  is  sometimes  practised  under  the  name 
of  pig  boiling,  the  distinctive  characteristic  of  which  is  that  the  decarburation  of 
the  pig  metal  is  effected  more  by  the  action  of  a  slag  consisting  of  basic  ferrous  and 
manganous  silicates  than  by  the  direct  action  of  atmospheric  oxygen.  In  this  case 
the  bed  of  the  working  chamber  is  made  deeper,  so  that  the  pasty  mass  of  pig  iron  is 
immersed  in  a  bath  of  the  liquid  slag,  and  considerable  quantities  of  materials  con- 
taining ferruginous  oxides  are  added,  together  with  some  roasted  slag  from  a  previous 
operation. 

In  that  modification  of  the  method  of  producing  malleable  iron  known  as  pig 
boiling,  the  pig  iron  does  not  undergo  anj  preliminary  treatment,  and  the  furnace  is 
sometimes  charged  with  liquid  metal  run  in  direct  from  the  smelting  furnace  so  as  to 
save  the  fuel  requisite  for  remelting  it.  But  in  paddling  the  practice  is  generally  to 
submit  the  pig  iron  beforehand  to  an  operation  known  as  refining,  which  consists  in 
melting  the  pig  iron  in  contact  with  coke  and  with  the  aid  of  a  blast,  in  a  hearth  some 
what  similar  to  a  charcoal  finery,  but  of  larger  dimensions,  and  termed  arefinineor 
running  out  fire.  This  operation  has  the  effect  of  partially  decarburising  the  iron 
and  removing  from  it  the  greater  part  of  the  silicon,  corresponding  in  fact  to  the  first 
melting  of  the  pig  iron  under  the  blast  in  the  charcoal  finery  operation. 

At  the  same  time  grey  pig  iron  is  brought  into  the  condition  of  white  pig  iron, 
which  is  more  suitable  for  conversion  into  malleable  iron  by  puddling.  This  change 
is  facilitated  by  suddenly  cooling  the  metal  with  water  as  it  runs  from  the  hearth  of 
the  refineiy. 

The  following  analyses  of  refined  iron,  technically  termed  metal,  serve  to  show 
its  composition  as  well  as  the  changes  effected  by  this  treatment. 
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if  a  rrflaerror  runaingont  fiie  is  raprsBental  b;  figs.  4^7^114  408. 
It  coiuiatA  of  a.  recUngular  henrlb  (h)  about  2  ft.  deep,  formed  ofcasc-inm  platMMt 
aponaatonebeclsaduTangedia  Bncha  way  u to  makes  hollow  space  Ittr  wMer  to  tit- 
culat«  round  the  interior,  HH  ehown  iii  the  Terticsl  section,  flg.  407.  Tliaehiinnc7(o)i« 


supported  opon  castriroo  colninni,  and  ths  spaCcB  batwwni  them  am  closed  iri  th  MM- 
iron  plates.  On  each  side  of  Iho  beaTTb  are  three  blast  tnyere*  (Hf\  connected  with  s 
blowing  apparatus.    At  one  end  of  the  health  is  a  tapping  hole;  through  wfaieh  the 


Fio.  408. 


contente  can  be  let  out  as  desired  into  the  square  mould  (b),  where  ths  refined  met*] 
solidifies  in  the  sheps  of  alabs. 

When  the  pig  iron  is  not  run  into  the  heBrth  of  the  refiner;  direct  &om  the  neell- 
ing  fnmacr,  it  is  piled  up  in  the  husrih  upon  a  bed  of  ignited  coke,  and  after  bring 
covered  with  more  coke,  the  blast  is  turned  on  t«  accelerate  the  combustion  until  the 
whole  of  the  pig  iron  has  melt«d  and  run  down  upon  (he  hearth.  Under  the  oxidising 
influence  of  the  blast  the  carbon  and  silicoD  in  the  pig  iron  are  Bepsrat«d,  and  a  lUg 
consisting  of  ferrous  silicate  is  praduced  which  floats  upon  the  surface  of  the  tiquhl 
metal,  fresh  Aiel  is  then  added  and  the  heat  is  mainCainrd  until  the  pDrifiratiue  of 
the  metal  has  been  carried  far  enoujih.  The  tap  hulo  at  the  end  iit  the  hearth  is  then 
opened  and  the  refined  metal  is  run  into  the  mould  (b),  where  water  is  thrown  upon  it 
until  it  solidifies  and  the  slag  can  be  detached  from  the  surface  of  the  mass. 

In  addition  to  the  partial  decarbuiation  of  pig  iron,  acd  the  sepuatioo  of  Its 
alieon  b;  the  operation  of  refining,  the  sudden  solidificatiun  of  the  metal  has  thi>  effect 
of  preTenting  (he  carbon  fhnn  separating  in  the  graphitic  stale,  and  the  whole  of  it 
remains  in  oombinatlon.    The  product  is  therefore  in  ths  state  uf  white  cast  iroiv  and 
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there  ia  a  comdderable  adrantage  in  this  for  the  puddling  treatment,  since  the  eom- 
binad  carbon  is  more  readily  oxidised  than  when  it  is  in  the  graphitic  state. 

The  s^g  prodnced  in  the  operation  of  refining  is  vitreous  and  dark  coloured.  It 
consists  essentially  of  ferrous  silicate,  and  generally  contains  greater  part  of  the  man- 
ganese present  in  the  pig  iron  operated,  as  well  as  some  of  the  phosphorus  and  sulphur, 
together  with  the  ash  of  the  coke  used  as  fael.  The  composition  is  shown  by  the 
following  analyses : — 
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In  working  the  puddling  process,  the  pig  iron  to  be  decarburised  is  piled  Tq>  on  the 
hearth  of  the  working  chamber,  and  when  it  begins  to  melt  some  oxidised  material  in 
the  shape  of  hammer  scale  is  added.  The  pasty  metal  is  then  broken  up  and  stirred  with 
an  iron  rabble  worked  through  the  small  hole  in  the  door(^,  fig.  404).  This  operation 
is  continued  until  the  whole  mass  is  reduced  to  a  kind  of  sandy  half-melted  condition. 
The  heat  is  then  increased,  and  soon  after  the  whole  of  the  metal  is  melted,  it  begins 
to  swell  and  heave  as  if  boiling,  while  jets  of  blue  flame  issue  from  all  parts  of  the 
mass.  These  are  due  to  the  combustion  of  the  carbonic  oxide  produced  by  the  re- 
action of  the  carburetted  pig  iron  with  the  ferruginous  oxides  present.  As  this  reac- 
tion progresses  the  metal  becomes  pasty,  and  in  consequence  of  the  oxidation  of  silicon 
in  the  pig  iron,  and  the  formation  of  ferrous  silicate,  a  liquid  slag  separates  from  it,  and 
collects  upon  the  hearth. 

The  following  analyses  of  slag  from  puddling  furnaces  will  give  an  idea  of  the 
general  composition  of  this  product,  which  is  commonly  known  by  the  name  of  tap 
cinder.  It  will  be  evident  from  these  analyses  that  in  tho  operation  of  puddling, 
phosphorus  is  removed  to  a  considerable  extent. 
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When  the  separation  of  carbon  ^m  the  metal  has  advanced  to  some  ooosidenble 
extent,  the  oxidising  action  of  the  atmosphere  in  the  working  chamber  is  lessened  bj 
lowering  the  damper  at  the  top  of  the  chimney  and  keeping  the  iron  snironnded  bj 
highly  carbonised  or  smoky  gas.  After  this  condition  has  been  maintained  some  time, 
aiS  the  iron  has  become  mialleable,  or  as  it  is  termed  '  come  to  nature/  the  fragments 
are  gathered  together  by  means  of  an  iron  bar  and  worked  into  Inmps,  which  are  lifted 
out  of  the  pudclling  chamber  and  consolidated  by  hammering. 

The  elimination  of  sulphur  or  phosphorus  from  pig  iron  appears  to  be  always 
necessarily  attended  with  oxidation  of  the  metal  in  a  degree  proportionate  to  the 
quantity  of  those  substances  separated.  Consequently  it  is  essential  that  the  amoont 
of  those  substances  in  the  pig  iron  operated  upon  should  not  be  large,  in  order  that 
the  waste  of  metal  thus  incurred  in  producing  malleable  iron  of  good  quality  may  not 
exceed  such  a  limit  as  would  be  tolerable  in  practice.  The  smaller  the  amount  of 
phosphorus  and  sulphur  in  pig  iron,  the  more  readily  is  it  convertible  into  good  malleable 
iron ;  and  so  &r  as  the  separation  of  those  substances  is  concerned,  the  smaller  is  the 
necessary  waste  incurred  in  the  operation. 

The  presence  of  sulphur  in  pig  iron  retards  the  conversion  into  malleable  iron,  and 
in  the  case  of  pig  iron  that  is  very  liquid  when  melted,  there  is  greater  difficulty  in 
bringing  the  met«d  into  the  plastic  condition  requisite  for  puddling  than  when  it  has 
a  viscid  consistency  in  the  melted  state,  like  good  white  pig  metal  containing  a  small 
amount  of  carbon  and  but  little  sulphur. 

The  manganese  frequently  present  in  pig  iron  is  generally  separated  almost  en- 
tirely in  the  manufacture  of  malleable  iron  by  puddling.  A  certain  proportion  of 
manganese  in  the  pig  iron  appears  to  exercise  a  beneficial  influence  upon  the  quality  of 
the  malleable  iron  produced  from  it  by  the  operation  of  puddling,  but  the  precise 
nature  of  this  influence  and  the  mode  in  which  the  manganese  acts  are  still  imperfectly 
understood.  Garon*s  experiments  led  him  to  the  conclusion  that  the  prMenoe  of  man- 
ganese promoted  the  separation  of  sulphur  during  the  decarburation,  but  that  it  was 
not  similarly  effectual  in  causing  separation  of  phosphorus.  By  melting  sulphuretted 
pig  iron,  containing  1*15  per  cent  of  sulphur,  three  times  without  any  admixture,  the 
amount  of  sulphur  was  reduced  to  0*96  per  cent. ;  by  adding  to  the  pig  iron  6  per  cent, 
of  metallic  manganese,  and  then  melting  the  alloy  three  times  with  access  of  air,  the 
amount  of  sulphur  was  reduced  to  0*8  per  cent.  The  same  pig  iron  melted  with  10 
per  cent,  of  ferric  oxide  showed  a  reduction  in  the  amount  of  sulphur  from  1*16  to  1*08 
per  cent,  and  by  melting  the  alloy  of  pig  iron  containing  6  per  cent,  of  metallic  man- 
ganese with  10  per  cent,  of  ferric  oxiae,  the  sulphur  was  reduced  to  0*07  per  cent 

The  separation  of  silicon  from  pig  iron  takes  place  very  readily  in  puddling,  as  in 
other  modes  of  producing  malleable  iron,  under  the  influence  of  oxidation,  the  result 
being  formation  of  a  readily  fusible  ferrous  silicate.  The  chief  importance  attaching 
to  the  presence  of  this  substance  in  the  pig  iron  employed  for  conversion  into  malleable 
iron  relates  more  to  the  amount  of  malleable  iron  obtainable  than  to  any  special  diffi- 
culty in  the  elimination  of  silicon.  In  the  ferrous  silicate  constituting  the  slag  of  the 
puddling  furnace  there  is  three  and  a  half  times  as  much  iron  os  silicon,  so  that  if 
both  the  silica  and  the  ferrous  oxide  of  the  slag  originate  from  the  oxidation  of  the 
pig  iron  operated  upon,  the  waste  of  iron  in  this  way  will  be  considerable  if  the 
amount  of  silicon  in  the  pig  iron  be  large.  Assuming  that  the  slag  is  derived  entirely 
from  the  pig  iron  by  oxidation,  the  presence  of  5  per  cent,  of  silicon  would  be  attended 
with  a  loss  of  17'5  per  cent,  of  iron  due  to  that  cause  alone,  independently  of  the  loa 
resulting  from  the  separation  of  carbon,  silicon,  and  other  substances.  Hence  it  is  very 
desirable  that  the  amount  of  silicon  in  pig  iron  intendisd  for  conversion  into  malleable 
iron  should  not  be  very  laige. 

The  proportion  of  slag  produced  in  puddling  depends  very  much  upon  the  kind  of 
pig  iron  operated  upon.  Grey  cast  iron  and  unreflned  pig  iron  containing  a  con- 
siderable amount  of  carbon  furnish  more  slag  than  reflned  metal,  the  sl&ff  from  i^eh 
is  relatively  richer  in  ferrous  oxide,  and  being  consequently  less  fusible  Uian  the  slag 
formed  from  grey  cast  iron  it  accumulates  upon  the  bottom  of  the  hearth  in  a  thid: 
layer  and  may  sometimes  contain  an  admixture  of  ferric  oxide  formed  by  the  oxida- 
tion of  the  basic  ferrous  silicate  or  of  the  ferrous  oxide  produced  in  excess  of  that 
requisite  to  combine  with  the  silica  and  form  ferrous  silicate. 

The  temperature  to  which  iron  requires  to  be  heated  in  the  operation  of  puddling 
may  be  expressed  as  corresponding  to  1650^0.,  and  assuming  that  the  specific  heat  of 
cast  iron  augments  above  SdO^C.  in  the  same  ratio  that  it  does  up  to  that  temperature, 
it  would  be  about  0*26  at  1650®,  so  that  in  this  case  the  quantity  of  heat  requisite  to 
raise  the  temperature  of  a  pound  of  iron  to  that  extent  above  16® — the  average  atmo- 
fipheric  temperature — would  be  424*84  heat  units. 

1660^-16®  X  0-26  -  424*84. 
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A  farther  quantity  of  heat  is  consumod  in  melting  the  pig  iron,  which  may  he 
assumed  as  eqoal  to  80  heat  units,  making  the  total  heat  requisite  to  raise  the  tem- 
perature of  the  iron  up  to  1650°  and  to  melt  it,  equal  to  4o4'8-l  heat  units,  and  Uie 
quantity  requisite  for  one  ton  of  pig  iron  1,018,841  heat  units. 

Taking  the  average  calorific  power  of  coal  to  be  7,778  heat  units,  it  appears  there- 
fore that  the  quantity  of  heat  actually  communicated  to  the  ton  of  iron  in  the  operation 
of  puddling  is  not  more  than  that  capable  of  being  generated  by  131  pounds  of  coal 

181    X    7,778  =   1,018,918. 

The  consumption  of  coal  in  puddling  iron  may,  however,  be  taken  as  equal  to  the 
weight  of  pig  iron  worked,  so  that  out  of  every  ton  of  coal  consumed  in  the  puddling 
furnace,  only  181  pounds,  or  not  more  than  pne-sixteenth  part,  is  really  effective  in 
heating  the  iron.  But  though  the  quantity  of  heat  actually  communicated  to  the 
iron  bears  only  this  small  proportion  to  the  whole  quantity  generated  by  the  combus- 
tion of  the  fuel  used,  it  must  be  remembered  that  under  existing  circumstances,  this 
large  consumption  of  fuel  is  unavoidable,  since  it  is  indispensable  that  during  the 
whole  of  the  operation  the  temperature  should  be  maintained  sufficiently  high  to  keep 
the  iron  melted  or  in  a  pasty  condition.  For  this  purpose  the  rate  of  combustion 
must  be  rapid,  and  the  intensely  heated  product  of  combustion  must  pass  rapidly 
through  the  working  chamber  of  the  furnace.  The  quantity  of  heat  thus  carried 
away  in  the  gas  passing  off  to  the  chimney  is  very  large.  It  has  been  estimated  that 
in  the  ordinary  puddling  furnace,  when  the  consumption  of  coal  is  at  the  rate  of  240 
pounds  per  hour,  the  volume  of  heated  gas  passing  through  the  workisg  chamber 
amounts  to  upwards  of  72  cubic  feet  per  second,  or  sufficient  to  fill  the  working  chamber 
twice  in  that  time,  and  this  rapid  ^w  of  gas  is  requisite  in  order  to  counteract  the 
influence  of  conduction  and  radiation  in  iHoducing  the  temperature  of  the  working 
chamber. 

It  is  in  consequence  of  the  necessity  for  maintaining  an  extremely  high  temperature 
in  the  working  chamber  of  the  puddling  furnace  that  only  so  small  a  fraction  of  the 
heat  generated  by  combustion  of  the  fuel  consumed  is  really  effective  in  heating  the 
iron,  inasmuch  as  it  is  only  the  heat  corresponding  to  the  difference  existing  at  any 
moment  between  the  temperature  of  the  iron  and  the  higher  temperature  of  the 
atmosphere  in  the  working  chamber  of  the  fiimace  that  is  available  for  maintaining 
or  raising  the  temperature  of  the  iron.  So  long,  therefore,  as  the  temperature  of  the 
iron  in  a  puddling  furnace  requires  to  be  1650°,  the  gas  passing  into  the  chimney 
must  be  at  a  temperatuie  not  less  than  that,  and  the  whole  of  the  heat  corresponding 
to  the  quantity  of  gas  discharged  at  that  temperature  into  the  chimney  will  be  without 
other  useful  effect.  A  variety  of  arrangements  have  been  devised  for  turning  this 
waste  heat  to  account  in  raising  steam  for  driving  the  machineiy  of  iron  works,  and 
one  of  the  simplest  plans  is  to  connect  the  working  chambera  of  the  puddling  furnaces 
with  a  main  flue  for  leading  the  gas  under  a  steam  boiler. 

A  still  more  effectual  mode  of  utilising  the  waste  heat  of  the  gas  from  puddling 
furnaces  is  to  transfer  this  surplus  heat  to  the  air  used  for  supporting  combustion, 
and,  if  the  fuel  is  also  used  in  a  gaseous  state,  this  plan  of  working  can  be  still  more 
advantageously  practised.  By  this  means  the  heat  in  the  gas  discharged  from  the 
puddling  chamber  is  transferred  to  the  combustible  gas  used  as  ^el,  and  to  the  air 
required  for  its  combustion,  so  that  as  they  both  enter  the  working  chamber  at  a  very 
elevated  temperature,  the  result  produced  by  burning  the  gas  is  so  much  greater  than 
it  would  be  if  the  gas  and  air  were  at  the  normal  atmospheric  temperature,  and  a 
very  considerable  portion  of  the  heat  which  would  otherwise  pass  away  and  be  wasted 
18  turned  to  account.  By  thus  graduiilly  accumulating,  within  the  working  chamber, 
the  heat  passing  off  in  the  gaseous  product  of  combustion,  a  very  much  higher  tem- 
perature may  be  attained  than  is  possible  with  ordinary  furnaces. 

The  use  of  fiiel  in  the  form  of  combustible  gas  has  long  been  practised  in  Germany 
and  other  parts  of  the  continent  where  coal  is  scarce,  and  the  materials  used  for  the 
purpose  have  been  either  peat,  as  in  Hanover,  or  wood  and  lignite,  as  in  Carinthia 
and  Styria,  and  it  is  only  by  such  a  contrivance  that  these  inferior  kinds  of  fuel  could 
be  made  available  for  the  puddling  of  iron  and  many  other  purposes.  The  use  of 
gaseous  fuel  in  this  country  has  been  adopted  chiefly  in  connection  with  the  above- 
mentioned  regenerative  system  introduced  bv  Mr.  Siemens,  and  it  has  been  applied 
not  Only  in  the  furnaces  used  in  glass  making,  etc.,  but  also  in  puddling  furnaces, 
reheating  furnaces,  etc.  with  very  great  advantage. 

The  composition  of  the  gas  produced  from  coal  by  burning  it  with  an  insufficient 
supply  of  air  for  converting  the  carbon  into  carbonic  dioxide  depends  somewhat  upon 
the  kind  of  coal  and  the  arrangement  of  the  apparatus  used,  but  the  following  analyses 
of  the  gas  obtained  at  the  St.  Gobain  glass  works  will  serve  to  illustrate  its  general 
character: 


Carbonic  oiido   . 
H^rdrogeD  . 
CarbnieUed  hydrogen 
CSubonic  dioxide 
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The  fuel  lued  hy  Mr.  Siemeni  for  the  production  of  mmbnstible  gaa  is  coitl  of  tb 
kind  that  doee  not  cake  vhea  heated.  The  gae  pnidncer  emploj»d  for  the  pnipoM  it 
KpreBentad  in  Tertical  aection  b;  fig.  i09  ;  it  conmns  of  a  reetangnlor  brick  cbambar 
baring  one  of  its  eidu  (n^  inclined  at  an  angls  of  from  4d°  to  00°,  and  fitted  irith  ■ 
grate  (c)  at  the  lower  end.  At  t^e  top  the  chamber  hne  an  opening  (a)  aipable  of 
bdDg  dosed  bj  a  tigbC-fltting  lid,  and  iWagh  this  openinzlbecoal  in  EmaUfragmcati 
ia  Bupplied  to  the  chamber  bo  ae  to  hll  npon  the  inclines  plane  (b)  and  alids  down 
until  ]t  foraia  a  thick  layer  above  the  grat«  (c).  Bv  meana  of  as  arch  abore  the 
indined  plane  soms  of  the  cool  i>  kept  in  the  poaition  ebown  in  the  drawing.  Com- 
buttjoD  takes  place  immediately  above  the  grate  (c),  and  carbonic  oxide  is  pmdumd 
either  in  coneequence  of  the  large  exceaa  of  carbon  presented  to  the  air  ontsrzDg 
between  the  bars  of  the  grate  or  by  the  action  of  the  ignited  coal  npon  any  carbonic 
dioxide  that  may  be  formed.  At  the  eanie  lime  the  coal  overlying  the  ignitad  man 
is  BDbject«d  U)  debtmctive  diHtillation,  and  tboa  the  miitare  of  carbonic  oxide  and 
nitrogen  pacing  up  through  it  becumea  mixed  with  hydrocarbon  gases  and  vaponn. 
The  combtutible  gas  thus  produced  pusses  out  throngh  the  flue  (h)  at  a  rate  re^nlated 
by  the  damper  (d)  and  is  then  led  through  an  nndergronnd  conduit  to  the  pipe  (i) 
which  is  connected  with  the  Au-nacea  where  the  gas  is  to  lie  liumt 
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8  emens  has  app  ed  the  regeaera  ve  pnn  p  e  of  oconomising  heat  to  the  con- 
struct on  of  paddl  ng  fnrnacas  lu  ng  gaseous  fael  obta  ned  by  bnmiag  coal  so  as  to 
produce  carbonic  ox  de  and  bnm  ng  th  s  n  he  pnddl  ng  chamber.  The  geneltl 
arrangement  of  this  furnace  ta  shown  by  flgs   410,  411,  and  413. 

The  bed  of  the  paddling  chamber  (fn)  is  shown  in  section  in  Bg,  411.  It  is 
formed  of  cast-iron  plates,  lined  with  a  layer  of  ferric  oxide  and  fitted  wi^  water 
bridges  attheeTida.  Beneath  the  bed  of  the  paddling  charaber  is  a  tAnk,  into  which  tiM 
overoow  from  the  water  bridges  escapes,  and  ths  oTapomtion  from  this  tank  keeps  the 
iron  plates  of  the  bottom  from  becoming  loo  hot.  The  eteam  passes  away  throngh  the 
TBntilating  ehafta  (k  k,  fig.  41 2).  On  each  aide  of  the  bed  there  are  heating  cbamben 
(hh)  in  which  the  charge  of  pig  iron  is  heated  to  redness  before  it  is  put  into  ths 
paddling  chamber. 

The  front  elevation,  fig.  410,  shows  the  valve  (a)  through  which  the  gM  is  pssisd 
into  the  floe  (m)  and  then  into  the  bottom  of  the  chamber  (c,  fig.  411).     Air  itat  th* 
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id  coKibnftion  takea  place  when  thoy  mwt  in  ths  puddling  ch>jnh«r.  The  pra- 
eombiiittkiii  pusea  nvaj  through  h  coneBponiling  Mriea  of  Sum  at  the  opposite 
the famnee  into  th«  cbamb«c>  (c* >0  *Udi  become  hsated  before  tbegiu  piuit^a 


km;  throng  the  Sum  (it'lOinto  the  chimney  fine  (□).   Wlien  Ihe  fiimnee  hu  vo^xd 

forHmetimeinthiairaT,  and  theeliai]ibe»(i/^)  mn  lafficienU^  heated,  the Talxa  (b) 
ii  iriTeraed  bj  meaTU  of  the  leTsr  (p),  so  that  the  currenU  of  air  and  gaa  are  made  to 
thiongh  ths  chambers  (</ 1^,  whsre  they  became  heated,  and  tilns  produce,  on  taa- 
proportioaatel;  higher  tempentnre.  Theproductof  combnstioD  then  ea 


buti 


through  the  flnes  [ar^ond  Uie  ehambers  (KX)iDto  the  chimney  flae  (o).  B/ Choi 
alternately  changing  the  direction  of  the  canents  of  gaa  and  air,  the  waste  heat  of  the 
product  ot  FOmbiution  is  arreotcd  in  the  brick  chembere  and  tmniferred  to  the  fresh 
supply  of  gas  and  air.  The  sapply  of  gas  and  air  in  suitable  proportions  is  Mgnlated 
by  tbItss  worked  by  the  levere  |,Q  Bi,  fig.  410). 

The  necessity  of  keeping  the  paaty  mass  of  Iron  conataoUy  alirred  while  decart>B- 
"  '  ....  extremely  laborioM 


B  necessity  of  keeping  the  paaty  mass  of  iron  constaoUy 
is  effected  by  paddling,  makes  the  work  of  the  pnddler 


have  beeo  snccessfol  in  almost  entirely  doing  away  with  ths  need  for  hand  labour, 
at  the  same  time  shortening  the  operation,  and  economising  the  fuel  as  wsU  as  iron. 
The  nccompanyiDg  drawing,  fig.  413,  represeDte  the  arrangement  of  a  mpchasical 
puddler  designed  by  Mr.  Eastwood,  It  ia  fixed  to  the  outride  of  the  puddling  fnmac<^ 
and  when  the  shaft  is  driven  by  the  chain,  the  cmnk  at  its  extremity  raises  Uie  rabble 
by  means  of  the  beat  lever  and  makes  it  move  from  back  to  front  of  the  puddling 
chamber :  at  the  same  time  the  rabble  ie  made  to  shift  &oia  side  to  side  by  the  rod 
connecting  the  gib  with  the  horiiontal  wheel  driven  by  a  worm  pinion  on  the  >ha(L 
Every  turn  of  the  wheel  alters  the  position  of  the  gib  upon  which  the  rabble  is  sup- 
ported, and  thus  the  rabble  is  made  to  move  over  every  part  of  the  puddling  bed 
Thifl  arrangemeat  is  one  of  the  simplest  forms  of  mecbanical  Btjrrer,  but  it  shares 
with  others  the  disadvantage  of  being  useless  for  balling  the  puddled  iron,  which 
is  the  moet  laborioua  part  of  the  operation. 

The  idea  of  making  the  motion  of  the  puddling  chamber  itself  do  the  work  of 
stirring  the  paaty  iron  has  been  practically  carried  out  by  Denks  and  Siemene  with 
oonaiderable  luccesa.  The  general  arrangement  of  Danks'  pnddler  is  represented  by 
figs.  414  and  415,  The  puddling  chamber  is  cylindrical  in  shape  and  formed  of  cast- 
iron  legmenta  bolted  together.  Internally  it  is  lined  with  fire  brick  and  fettling, 
while  on  the  ODtside  Uioto  h  a  toothed  wheel  extending  round  the  whole  dreumferenee 
of  the  iron  caaiEw.  Ths  chamber  is  supported  on  frictjon  rollers,  monnled  on  pillar 
blocks  (bb),  fixed  to  a  bed  plate  (c,  Sg.  414),  and  is  made  to  rotate  by  the  pinion 
carried  by  the  standard  (a).  Fig.  415  representSi  on  a  smaller  scale,  a  SFctiunal 
elevation  of  the  furnace  (■,  fig.  414)by  which  the  puddling  chamber  (i)ii  bested,  and 
the  mode  in  which  they  are  connected  together  by  the  flue  (a).  The  ash^nt  of  the 
furnace  is  closed  and  air  is  tnpplied  partly  by  a  fan  through  the  pipe  (o),  pvUy  also 
by  the  pipe  (i),  fitted  with  branches  (c)  by  which  tJieair  is  delivered  in  jets  abovs  tbs 
fbel  burning  upon  the  fire  grate  (f).    The  iron  plate  forming  the  firs  bridge  betweaa 
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■  bad  of  the  fnmtee  tad  ths  pudilling  phnmbsr  hu  a  coil  of  [Mpa  taM  id  it 
nngfa  vhieh  wutv  ii  mads  to  cimilat*  to  keep  it  cool.    Al  the  oppodte  end  of  th« 


«  to  be  mtnxablo  nod  to  admit 


h  Ul  of  —■"-**■'*  iroD  heiaa  taken  out.    At  thii  end  of  the  puddlor  tltw*  U  a 
I  tnt  bj  wbicli  it  it  coBMcted  vitli  tb«  chiimic;. 
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In  working  this  poddlsr  too  mucii  time  would  be  lust  by  malting  tlia  fig  iioD  in  it; 
&n  ordinary  cupolft  ii  usad  for  the  pncpoae,  or  the  tnetal  IB  run  to  directly  fovi  tlia 
smelting  fonmce. 

The  dtcarbnriied  iron  obtkined  t^  paddling  it  remoTcd  from  the  woifcine  ehuab* 
of  the  fnniacB  in  lompe  termed  pnddlebalti.  which  consist  of  intanselT  heated 
metallic  irm  in  a  spongj  itiile,  intermiied  with  mvlted  sing  atid  oxidised  mm.  In 
order  tosepante  tbeae  admiztnres  :ind  nduce  the  metallic  iron  to  a  compact  and  sni- 
form  mass,  the  poddle  balla  are  either  hammered  or  pressed  while  at  a  welding  hMt. 
This  operation  is  termed  blooming  or  sbingling.  Tbe  bammen  amplojed  fiv 
the  pnjfnMUi  termed  forge  hsmmara;  tha7areTei7powerftiland  an  eoDttmctad 
of  cut  iron,  as  raprasanted  by  flg.  116. 


XlXfXlXrx'iXIXIX ' 
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The  massiva  beam  (c)  is  8  or  10  ft.  long,  and  one  end  is  supported  on  a  (Ucnui 

(/)npon  which  the  beam  is  movenble,  while  the  otherend  is  Stted  with  a  shaped  head 
(rf).aDdialift*dby  thewipers(6ii)ofthe  cam  wheal  (a),  by  the  rerolntion  of  which 
the  Jjimmer  head  of  the  beam  is  made  to  fall  at  the  rate  of  70  or  80  strokes  aminnta 
upon  the  anvil  (e)  where  the  pnddle  ball  is  placed.  A  Hesm  hammer  is  often  and 
for  this  pnrpose.  coniisting  of  a  block  of  iron  weighing  sevoral  tons,  attached  to  til* 
piBton  of  a  nteam  engine  fiied  above  it,  so  that  the  block  can  be  lifted  verti»lly  in 
guides  fitted  to  the  framework  and  let  fall  upon  the  pnddle  ball  placed  on  aa  anvit. 

The  machines  employed  for  compressing  paddle  balls  are  of  various  forma,  ud 
ate  termed  ■qneeieri.    One  of  the  most  nsnal  kinds  represented  by  %.  417  «oa- 
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Im.  lerer  worked  upon  a  folcrani  at  the  centra,  hj  a  crank  eoimectod  to  ooeend, 
t  the  jaws  are  altemutel?  1nMii(,'ht  at  tliB  rate  of  BO  or  more  Btrokes  n  minute 

to  t^  eomapnnding  acril  facta  of  the  stationai;  portion  of  the  machine  upon 

the  puddle  balls  are  placed  to  receive  the  prauiir«. 

necsaim  of  this  kind  are  now  emplojcd  moie  generally  than  hammers  for  con- 
ting  tl)e  paddle  ball  and  cocTerting  it  into  a  bloom.  Sometimes  the  squeezer  is 
ilfoeDt  eonMradion  and  conaints  of  a  strong  cylindrical  casting  fomiilied  at 
mat  tinftce  with  blunt  triaDguliir  teeth,  and  within  which  a  imall  rotating 
lor  having  aimilar  teetJi  on  the  outer  surface  i*  fitted  eicentiically  in  eneh  a 
a  that  as  it  reroWes  the  distance  between  the  two  cylinders  gradnally  diminishes, 
'ben  the  pnddte  ball  is  placed  between  them  at  the  widett  pert  it  is  gradually 
itied  to  increasing  presmirc  as  it  is  carried  brwoid  by  the  rotaUng  cylinder 
it  raachea  the  narniweet  port,  and  is  then  ready  for  tlie  rolling  mill, 
ha  puddle  ball  produced  by  Danks'  rotatory  pnddler  is  very  much  larnir  than 

pndncad  by  hsjid  laboor,  and  it  often  weij^s  five  or  ux  hundredweignt.    The 
ary  form  cJ  squeezer  is  tberafore 
laent  fiir  the  pnrpoee  of  working 

large  balls,  and  a  specially  con- 
ted  macbine  is  necessary.  It  con- 
ol  two  corrugated  rollers  (sd,  Bg. 

about  i  feet  long  and  18  iachea 
Bter,  monntod  aide  by  side  on  axes 

Sin  joomala  in  the  strong  &ame 
baring  at  mm  mi  gMred  wheels, 
irwn  in  flg.  (19,  Iw  which  they  can 
h»  BMle  to  levolire  in  the  lains 
tion  at  the  rate  of  fiiteen  or  twenty 
otioDS  per  Diinnte.  Above  these 
s,  and  mounted  in  the  same  frame, 
lug*  aicentrie  cam  (&),  which  re- 
(  in  the  same  direction  bh  the  two 
■  (dd).  The  periphery  of  this  e»- 
ie  nrolves  at  the  same  rate  as  ths 
nfersiiee  of  the  two  rollers,  and  the 
Ie  ball  in  pssnog  between  the  ez- 
le  and  ths  rollers  is  Bubmttted  lo  a 
lally  inooasing  pressure.  In  order 
ofolidate  the  mass  of  iron  while 
■gbstwem  the  rollers,  there  isfitted 
«  lUe  of  the  squeezer  a  horizontal 

I  hammer,  ai  shown  in  fig.  419,  the  f 
;i^of  riiieh  etrikea  the  end  of  the 

II  it  is  being  squeezed.    The  head  of  this  ram  is  seen  al 
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_ ],  And  the  mAEBive  fotuidatioDa  requiiito  for  Btaam  hammen  can  b* 

iriclL  An  bydittnlic  machiae  of  thja  kind  canatracted  bj  Hwrell  of  ViRma 
t8  of  B  long  TerCical  hjdr&olic  prsnthe  ram  of  which  acta  downiraida  againat  a 
tabU  Berring  aa  an  nnnl.  This  mn  U  lifted  bj  a  smnller  1i;dnnlic  proas  wiUi  which 
it  is  conneetcdi  and  as  ths  ram  rises  the  water  expelled  irom  the  laiger  ^lindei  is 
TstDTned  h>  an  aCduanUtor  coiit.-iining  a  piston,  apon  the  surface  of  which  steam  cu 
ba  admitted  when  it  is  desired  to  move  the  ram  npidlj.  When  the  full  power  of  the 
machine  is  repaired,  the  connection  between  the  press  and  Che  accumnlator  is  cut  off 
and  the  press  is  connected  witli  a  pair  of  hjdraolic  pnmpa  driTen  b;  a  direet-actiag 


when  it  has  been  some wfiat  consolidated  in  this  way,  it  ia  termed  a 
rapidly  passed  serer&l  timsa  between  grooved  roUen  while  still  red  hot  and  is  that 
drawn  oat  into  a  bar.  The  rollers  nsed  for  tbis  pnrpose,  conatitnting  what  is  termed 
a  forge  train,  consiBt  of  two  pairs  of  lollera  (hf)  fitted  in  frames  and  driven  bf 
machineiy.  The  pair  of  rollers  (a),  called  roughing  rolls,  have  eorrea^adii^  T- 
shaped grooves roiud  tha snr&ces.   Ths  other  pair  of  rollers,  tennedflaiahingrollti 
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have  flat  grooves,  and  inbotli  eaaes  the  grooreagiadnallj  decrease  in  siie  from  cnweud 
of  tJie  lollar  to  the  other,  so  that  b;  passing  the  blooou  saccassively  throng  several 
pairs  of  grooves  they  are  reduced  to  bars,  measuring  irom  7  to  3  inches  in  width,  bj 
from  IJto  }  an  inch  in  thickness.  In  this  condition  the  iron  is  termed  pnddle  ban 
or  No.  t  iron. 

The  iron  after  leaving  the  rolls  in  the  state  of  puddle  bars,  and  while  still  hot,  is 
tut  up  into  short  lengths,  by  means  of  powerful  shears,  and  the  pieces  are  tied  together 
with  strong  wire  in  bundles 
,  termed  piles,  which  are  than 
brought  to  a  welding  heat  in  a 
reverberatury  furnace,  called 
the  reheating  furnace  or 
mill  furnace,  constructed 
Mmewhat  like  a  paddling  fur- 
nace, as  shown  in  fig,  421,  in 
vertical  section.  The  hearth  (a) 
of  tbie  iiiritaee  on  which  the  ino 
piles  ore  placed  is  made  of  sand 
and  it  alopet  down  towsids  the 
chimney  fine,  so  that  any  slag 
that  is  formed  may  mn  down 
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leaving  the  hearth  quite  dir. 
e  to  a  tail  welding  beat  in  the  mill  ht- 


The  piles  ai»  taised  as  rapidly  as  possible  to . 

nace,  and  are  then  removed  bom  Uie  hsarUi  with  tongs  to  mill  rolls  of  a  nmilar  kind 
to  those  stread?  described,  bnt  more  highly  flsished,  and  they  are  again  drawn  out 
into  bars,  which  Hra  a  second  time  cut  into  short  lengths,  piled  and  submitted  to  the 
same  operations  of  heating  and  rolling  Beveral  times  according  to  the  Teqnired  quality 
of  the  iron.  After  the  first  rolling  of  the  iron  into  pnddle  bnrs,  hammering  is  some- 
times substituted  in  the  place  of  ^wing  out  between  rollsra.  It  is  in  this  series  of 
operations  that  the  iron  acquires  texture,  and  that  close  aniform  and  continnons  fibre 
upon  which  the  strength  and  general  good  quality  of  malleable  iron  is  coDsldered  to  be 
chiefly  dependent.  Ihe  mode  in  which  the  pieces  of  iron  are  arranged  in  the  pilst  is 
ooofidered  to  be  of  great  importance  as  regards  the  result  obtained. 
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Duzing  the  reheAting  of  the  piles  in  the  mill  ftimace  a  certain  proportion  of  slag 
ii  produced  which  has  a  composition  very  similar  to  that  of  the  slag  from  the  puddling 
fiirnace ;  but  the  silica  it  contains  is  mainly  deriyed  from  the  sand  forming  the  hearth 
of  the  fiimAee. 

Jnah/tea  of  Mill-fwrnaoe  Slag, 
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• 
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When  all  these  successive  operations  have  been  completed,  the  iron  is  in  the  con- 
dition known  as  merchant  iron,  and  the  diflferent  de^ees  of  quality  are  indicated 
as  No.  2,  No.  8,  etc,  or  as  '  common/  '  best,'  and  '  best  best,'  as  well  as  by  particular 
brands. 

Besides  the  waste  of  iron  resulting  from  the  formation  of  slag  in  refining,  puddling, 
etc,  there  is  always  a  further  waste  due  to  the  oxidation  of  hot  iron  wUle  paseinff 
through  the  operations  of  shingling,  hammering,  and  rolling  to  which  it  is  subjectea 
The  product  of  this  oxidation  consists  chiefly  of  magnetic  oxide,  which  forms  a  crust 
on  the  sui^ce  of  the  hot  iron  and  falls  off  in  scales,  constituting  what  is  known  as 
hammer  scale  or  mill  scale. 

The  total  waste  of  iron  in  the  conversion  of  pig  iron  into  malleable  iron  varies 
according  to  the  kind  of  pig  iron  operated  upon,  and  the  amount  of  impurities  to  be 
got  rid  of ;  to  some  extent  also  it  depends  upon  the  skill  of  the  workmen.  The  greater 
part  of  the  waste  of  iron  takes  place  in  the  refining,  and  on  the  average  it  amounts  to 
about  10  per  cent,  of  the  pig  iron.  In  puddling  refined  iron  the  waste  does  not  amount 
to  more  than  from  4  to  7  per  cent.  In  the  mill  furnace  the  waste  is  much  less,  vary- 
ing from  6  to  6  per  cent  according  to  the  number  of  times  the  piles  are  reheated,  and 
the  size  to  which  the  iron  is  rolled. 

The  consumption  of  fuel  in  the  various  stages  of  the  conversion  of  pig  iron  into 
malleable  iron  varies  according  to  the  skill  of  the  workmen,  as  well  as  the  kind  of  fuel 
and  pig  iron  used. 

In  refining  from  6^  to  8  cwt.  of  coke  is  used  for  each  ton  of  metal  produced  when 
the  pig  iron  has  to  be  melted,  and  when  the  charge  is  run  into  the  refinery  direct  from 
the  smelting  fbmace  from  4  to  5  cwt  of  coke  per  ton  of  metal  is  sufficient. 

In  pig  boiling  the  consumption  of  coal  varies  frt)m  18  to  22  cwt.  per  ton  of  bar  iron 
made,  according  as  the  coal  is  more  or  less  bituminous  and  capable  of  burning  with 
fiame. 

In  puddling  refined  metal  the  consumption  of  fuel  is  about  10  or  14  cwt..  of  bitu- 
minous coal,  and  from  17  to  18  cwt.  of  anthracitic  coal,  per  ton  of  iron  made. 

In  heating  the  piles  the  consumption  of  fuel  ranges  from  7  cwt  to  18  cwt«  per  ton 
of  merchant  bars,  according  as  they  are  large  or  small. 

Ordinary  malleable  iron  has  a  f^rey  colour,  which  varies  in  its  shade  according  to 
tke  character  of  the  iron,  and  has  sometimes  a  bluish  or  blackish  tinge.  The  specific 
gravity  ranges  between  7*3  and  7*9,  that  of  the  better  kinds  approximating  to  the 
mean  of  these  two  limits.  The  specific  gravity  is  to  some  extent  afiected  by  the 
alteration  of  mechanical  texture  produced  mechanically.  Thus  a  bar,  4  inches  wide 
and  1  inch  thick,  having  a  specific  gravity  of  7*801,  acquired  a  specific  gravity  of 
7*8621  when  rolled  out  to  a  very  thin  sheet,  and  iron  of  7*7988  specific  g^vity 
acquired  a  specific  gravity  of  7*8426  when  drawn  into  very  thin  wizo 
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The  Bpeeifle  heat  of  ordinary  malleable  iron  is  0*1 18795 ;  it  is  loinewhat  highor 
when  the  amount  of  carbon  in  the  metal  is  large.  The  conductivity  for  heat  ia  S74*8 
aa  compared  with  gold  =  1000.  The  linear  and  cubic  expansion  by  heat  ia  less  than 
that  of  most  other  metals.  The  linear  expansion  for  each  degree  betweeA  100^  and 
300^  is  tfhss*  ^  ^^  ^^  expands  ^  when  raised  from  a  red  heat  to  a  white  heat» 
and  «29  when  heated  from  20^  to  whiteness. 

The  melting  point  of  malleable  iron  has  not  been  determined  with  an^  degree  of 
aocunu^.  It  is  between  the  melting  point  of  cast  iron  and  that  of  platinum ;  it  is 
estamatad  at  1550^  by  Fouillet,  and  at  2000*^  by  Sdieerer,  and  there  is  no  doubt  it  is 
higher  in  proportion  as  the  metal  contains  less  carbon. 

Pure  iron  is  attracted  by  the  magnet  more  powerfully  than  iron  containing  carbon ; 
but  it  does  not  retain  the  magnetic  condition  so  long  as  the  iron  containing  some  carbon. 
Ordinazy  malleable  iron  is  also  more  stron^y  attracted  than  steel,  and  it  is  more 
easily  rendered  magnetic,  but  it  loses  the  polar  condition  much  sooner  than  steel  does. 
It  appears,  therefore,  that  the  presence  of  a  certain  amount  of  carbon  is  in  some  way 
necessary  for  the  retention  of  the  magnetic  condition  by  iron.  Bars  of  iron  placed 
yertieaUy,  or  nearly  so,  become,  in  course  of  time,  magnetic  The  magnetic  oon^Uon 
of  iron  is  very  nearly  destroyed  by  a  red  heat,  and  entirely  so  by  exposure  to  a  white 
heat. 

The  electric  conductiyity  of  malleable  iron  is  much  less  than  that  of  copper. 
Taking  this  as  100,  that  of  iron  is  20  according  to  Harris,  17*74  according  to  £ens, 
and  16*8  according  to  Becquerel.  Matthiessen  considered  the  conductivity  of  purs 
electro-deposited  iron  to  be  much  higher  than  that  of  ordinary  malleable  iron. 

The  hardness  of  malleable  iron  varies  considerably ;  it  is  mfluenced  by  the  presence 
of  foreign  substances  and  reduced  by  increase  of  temperature.  It  is  but  very  slightly 
increased  by  sudden  cooling  of  the  red-hot  metal,  and  less  so  in  proportion  as  the 
amount  of  carbon  in  the  metal  is  smaller.  The  hardness  of  malleable  iron  seems  to 
be  essentially  de^ndent  upon  the  presence  of  a  certain  amount  of  carbon  in  the  metaL 
Absolutely  pure  iron  is  so  soft  that  it  ofibrs  but  little  resistance  to  friction. 

The  tenacity  of  malleable  iron  also  varies  very  much,  and  is  influenced  by  the 
nature  of  the  foreign  admixtures  in  the  metal,  by  their  amount,  and  by  the  internal 
texture  of  the  metal,  by  temperature,  and  other  conditions.  Ui>  to  a  temperature  of 
146^  the  tenacity  of  boiler  plate  is  not  sensibly  diminished ;  but  at  a  red  heat  it  is 
reduced  one-fourth.  According  to  Fairbaim,  the  tenacity  of  good  rivet  iron  at  190^ 
is  one-third  greater  than  at  the  ordinary  temperature,  but  at  a  red  heat  it  is  reduced 
to  nearly  one-half. 

Tsnaeit^f  or  Tensile  Strength  of  Malleable  Iron. 


Kind  of  iron 


Lowmore  iron  wire  . 
Staffordshire  bar  iron 
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{ 


Lengtiiwiae     I  OroaswiM 
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Fairbaim 

Kerkaldy 
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Napier. 


The  malleability  of  iron  containing  from  0*25  to  0'5  per  cent,  of  carbon  is  very 
considerable,  though  less  than  that  of  silver  or  gold.  It  is  influenced  by  the  presence 
of  the  foreign  substances  which  modify  the  hazdness  and  tenacity  of  the  metal ;  the 
degree  of  malleability  being  apparently  determined  chiefly  by  the  relative  hardness 
and  tenacity,  but  to  some  extent  also  by  the  internal  texture,  of  the  metaL  The 
malleability  of  iron  is  increased  in  proportion  as  the  temperature  is  raised,  and  iroa 
becomes  very  much  softer  without  its  tenacity  being  proportionately  lessened.  At  a 
red  heat  the  metal  is  sufl^ciently  soft  to  be  brought  into  any  required  shi^  by 
hammering  or  rolling,  and  at  a  white  heat  it  becomes  quite  pasty,  so  that  separate 
pieces  may  be,  as  it  were,  kneaded  together  into  one  mass,  or,  as  it  is  termed,  welded. 
This  capability  of  being  forged  and  welded,  so  important  as  regards  the  working  of 
iron  for  various  usefVil  purposes,  is  partly  referable  to  the  wide  interval  between  the 
temperature  at  which  Uie  metal  presents  its  ordinary  degree  of  hardness,  and  that  at 
which  it  becomes  liquid :  partly,  also,  to  the  fact  that  at  temperatures  far  below 
the  melting  point  iron  acquires  a  soft  plastic  condition  which  is  retained  in  some 
degree  throu^  a  considerable  range  of  temperature. 

Among  the  foreign  substances  influencing  prejudicially  the  malleability  of  iron,  the 
chief  are  sulphur,  phosphorus,  and  silicon.  The  flrst  communicates  to  iron  the  cha- 
racter of  being  brittle  while  hot,  or,  as  it  is  called,  red  short  in  forging.  Phosphorus 
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xendezB  malleable  iron  coldshort^or  brittle  and  weak,  at  the  ordinary  temperature. 
Silicon  baa  a  similar  influence  in  a  higher  degree.  Manganese  seems  to  be  beneficial 
rather  than  otherwise  as  regards  the  malleability  of  iron.  When  red-hot  iron  is 
immersed  in  cold  water  the  malleability  is  considerably  reduced.  The  same  effect  is 
produced  by  long  hammering  or  rolling,  but  the  malleability  is  again  restored  by 
heating  the  metal  to  redness  and  allowing  it  to  cool  gradually. 

The  texture  or  molecular  structure  of  iron  yaries  considerably  according  to  the 
treatment  the  metal  has  been  subjected  to.  After  Vision,  iron  is  oecidedly  crystalline 
or  granular,  and  the  fractured  surface  presents  distinct  indications  of  that  condition. 
£)>  hammering  or  rolling  the  metal  while  hot,  it  acquires  a  fibrous  texture,  becomes 
more  tenacious,  less  susceptible  of  true  fracture,  and  capable  only  of  being  torn 
a^undcff.  In  the  usual  method  of  producing  malleable  iron  tne  metal  is  not  melted  but 
wrought  mechanically  while  in  a  kind  of  doughy  condition,  and  the  uniform  close 
fibrous  texture  which  determines  the  quality  of  the  metal  depends  very  much  upon 
the  nature  of  this  treatment  and  the  extent  to  which  it  is  earned. 

By  hammering  fibrous  iron  while  cold  it  is  rendered  harder  and  brittle ;  when 
afterwards  broken  the  metal  presents  a  granular  or  ci^stalline  fracture,  but  opinions 
differ  as  to  whether  this  crystalline  condition  is  really  a  result  of  the  hammering, 
nils  is  also  the  case  in  regard  to  the  infiuence  of  long-continued  pressure,  vibration, 
or  concussive  action,  etc.  in  affecting  the  texture  of  noalleable  iron,  some  maintaining 
that  under  these  conditions  the  fibrous  texture  of  the  metal  is  gradually  destroyed, 
and  its  strength  reduced. 

Malleable  iron  undergoes  no  change  in  dry  air,  or  in  water  free  from  air ;  but  in 
moist  air,  or  in  water  containing  air,  it  gradually  becomes  oxidised  or  rusted  at  the 
surface,  and,  after  exposure  for  a  sufficient  length  of  time,  the  entire  mass  may  be 
eventually  converted  into  oxide.  The  carbonic  acid  present  in  atmospheric  air  appears 
to  contribute  largely  to  the  production  of  this  change.  The  presence  of  saline  sub- 
stances in  water  also  facilitates  the  oxidation  of  iron,  while  alksdies  and  oily  or  resinons 
substances  retard  the  oxidation.  Contact  with  more  highly  electro-positive  metals, 
such  as  zinc,  also  hinders  the  oxidation  of  iron  within  a  certain  distance  around  the 
point  of  contact. 

At  a  temperature  of  about  230°,  iron  becomes  capable  of  combining  directly  with 
atmospheric  oxygen,  and  the  polished  surface  of  the  metal  at  first  becomes  covered 
with  an  extremely  thin  film  of  magnetic  oxide,  presenting  a  yellow  colour  which 
gradually  parses  into  a  red,  blue,  and  grey.  At  a  red  heat  this  film  of  oxide  becomes 
thicker  and  forms  a  crust,  which  separates  as  the  metal  cools,  constituting  what  is 
commonly  known  as  forge  scale,  and  when  the  iron  is  kept  hot  for  some  considerable 
time  the  outer  surface  of  the  crust  is  converted,  by  further  oxidation,  into  ferric  oxide. 
At  a  white  heat  iron  bums  in  the  air  with  production  of  magnetic  oxide,  and  this 
combustion  may  be  sustained  for  some  time  by  directing  a  blast  of  air  upon  the  heated 
metal. 

At  a  temperature  of  about  890°,  malleable  iron  decomposes  water  vapour,  forming 
magnetic  oxide  and  liberating  hydrogen.  It  is  dissolved  completely  by  strong  hydro- 
chloric acid ;  but  with  dilute  acid  a  carbonaceous  residue  is  left  undissolved.  In  both 
cases  the  hydrogen  evolved  carries  with  it  a  carburetted  vapour  or  gas  which  com- 
municates to  the  hydrogen  a  peculiar  smell. 

Malleable  iron  generally  contains  from  0*25  to  0'5  per  cent,  of  carbon,  but  some- 
times the  amount  of  carbon  is  much  less,  and  in  a  few  instances  it  is  higher.  The 
smaller  the  amount  of  carbon,  the  softer  is  the  iron,  and  the  larger  the  amount  of 
earbon  within  these  limits^  the  nearer  does  the  metal  approximate  to  the  character  of 
steel.  The  only  ordinary  iron  that  is  probably  quite  free  m)m  carbon  is  that  technically 
known  asburntiron,  which  cannot  be  soundly  welded.  Hence  it  has  been  supposed 
.that  the  capability  of  being  welded  is  determined  by  the  presence  of  some  caroon  in 
the  metal.  It  is  more  probable,  however,  that  the  peculiarity  of  burnt  iron  in  this 
respect  is  only  indirectly  determined  by  the  absence  of  carbon,  and  that  it  is  due  to 
the  presence  of  a  minute  quantity  of  oxide  in  the  metal,  which  could  not  have  been 
introduced  so  long  as  any  carbon  remained  in  it. 

Among  the  foreign  substances  other  than  carbon,  which  are  often  present  in 
malleable  iron,  the  most  important  are  sulphur,  phosphorus,  and  silicon,  existing 
probably  in  combination  with  equivalent  proportions  of  the  metal  as  sulphide,  phosphide 
and  silicide. 

Sulphur  is  generally  present  to  some  extent  in  most  kinds  of  malleable  iron,  and 
even  when  amounting  to  only  0'034  per  cent,  it  has  the  effect  of  rendering  the  metal 
red  short,  and  liable  to  crack  at  the  edges  in  forging.  It  has  been  considered  that 
O'Ol  per  cent,  of  sulphur  is  the  highest  amount  consistent  with  the  usefulness  of 
malleable  iron. 

Phosphams  is  also  frequently  present,  and  when  amounting  to  0*76  per  cent,  it 
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lenders  the  metal  Teiy  weak  and  brittle  at  the  ordinary  temperatore,  or,  m  it  it 
called,  cold  short.  In  smaller  amounts  it  is,  however,  considered  to  be  serviceable 
in  rendering  the  metal  more  capable  of  being  welded. 

Silioon  renders  malleable  iron  harder  and  lessens  its  tenacity,  making  it  what  is 
termed  rotten  in  working,  even  when  present  only  to  the  extent  of  0^87  per  eenu 

Manffottese  is  considereid  to  render  nudleable  iron  harder,  but  not  to  make  it  staelj. 

Copper  is  considered  to  render  malleable  iron  red  short,  and  to  reduce  the  capability 
of  being  welded,  without,  however,  affecting  the  tenacity  of  the  metaL 

The  following  table  gives  the  composition  of  several  kinds  of  malleable  iron  i^ch 
illustrate  the  extent  to  which  the  above-mentioned  substances  are  present. 
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•066 

— 

trace 

— 

II 

Welsh 

97-72 

— 

•26 

•21 

•71 

— 

— 

Riley 

>f 

9854 

— 

•13 

•05 

•42 

— 

i» 

Shropshire    . 

— 

•18 

•06 

•37 

— 

— 

Price 

tt 

— 

— 

•18 

•08 

•80 

— 

1 

ft 

Lowmoor 

99^872 

•016 

•122 

•104 

•106 

•28 

— . 

Tookey 

Weardale 

— 

•17 

•11 

•068 

•089 

•38 

-^ 

Percy 

Russell's  Hall 

99*861 

•19 

•144 

•166 

•14 

— 

Man^facture  of  Steel, — By  smelting  very  rich  iron  with  ehareoal  in  a  bloomery 
much  in  the  same  wav  that  inalleable  iron  is  produced  directly  (see  p.  679)  the  metal 
may  be  obtained  in  the  state  of  steel,  and  possessing  the  character  of  acquiring  con- 
siderable hardness  when  suddenly  cooled.  This  method  dT  manufSftcture  was  formerly 
mudi  practised ;  but  it  is  now  almost  entireljr  superseded  and  steel  is  generally  pzo- 
duced  either  by  the  carburation  of  malleable  iron  or  by  the  decarburation  of  pig  iron. 
The  steel  made  by  the  former  method  is  termed  cement  steel  and  that  made  by 
decarburising pig  iron  in  a  charcoal  finery  is  termed  natural  steel.  Pig  iron  is  also 
converted  into  steel  by  puddling  and  by  the  action  of  atmospheric  oxygen  on  the 
melted  metal  according  to  the  method  of  Bessemer. 

In  addition  to  these  indirect  methods  of  manufacture,  attempts  have  lately  been 
made  to  produce  steel  directly  from  iron  ore  by  methods  more  easily  manageable  t-hi^w 
smelting  in  the  bloomery ;  among  these  the  application  of  the  regenerative  ftxrnaoe  by 
Siemens  is  most  worthy  of  consideration.  The  arrangement  ^opted  is  shown  by 
fig.  422.  The  furnace  is  similar  in  construction  to  the  gas  puddling  furnace  already 
described,  but  above  the  combustion  chamber  ^f  f)  there  are  two  cylindrical  hoppers 
(a  a)  formed  of  cast  iron,  in  which  the  iron  ore  is  subjected  to  the  action  of  reducing  gas, 
which  is  passed  into  the  hoppers  through  wrought-iron  pipes  (o  o)  connected  with  the 
supply  main  (b).  The  lower  extremities  of  these  hoppers  projecting  into  the  com- 
bustion  chambtf  Cjf  r)  are  made  of  fire  clay  in  order  to  resist  the  lugh  temperature. 
The  upper  part  of  each  hopper  is  surrounded  by  a  fine  (s  s  s  s)  into  which  tne  flame 
from  the  furnace  ascends  and  keeps  the  contents  of  the  hoppers  at  a  proper  tem- 
perature. 

In  starting  the  operation  in  this  frimace  some  pig  iron  is  placed  on  the  hearth, 
together  with  sufficient  charcoal  to  support  the  iron  ore  in  the  hoppers  (a  a).  The 
gas  is  then  turned  on  and  ignited  in  the  usual  way,  and  by  the  time  the  pig  iron  has 
melted,  the  ore  in  the  lower  ends  of  the  coppers  will  have  been  reduced  to  a  metallie 
sponge,  which  sinks  down  and  is  gradually  dissolved  in  the  melted  pig  iron,  while  fresh 
portions  of  the  ore  are  reduced  in  the  same  way.  This  is  continued  until  the  amount 
of  carbon  in  the  liquid  metal  upon  the  hearth  corresponds  with  the  kind  of  steel  re- 
quired and  then  the  charge  is  run  off  into  ingot  moulds. 

Since  the  reduction  of  the  iron  ore  in  this  way  takes  place  but  slowly,  this  part  of  the 
operation  has  since  been  carried  out  in  a  rotatory  chamber,  consisting  of  a  cylindrical 
iron  tube  lined  with  fire  brick.  This  chamber  is  mounted  on  friction  rollers  and  fitted 
with  a  toothed  wheel  by  which  it  is  made  to  revolve  slowlv  while  the  contents  an 
subjected  to  the  action  of  heat  produced  by  the  combustion  of  gas  supplied  together 
with  air  at  a  high  temperature  from  a  series  of  regenerators. 
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Incui^ng  ont  the  mannfftctarp  of  steel  l>;  thtsTiiethod,anntiaaticipBt«ddUBonlqr 
ma  encuanUred  in  the  absorptioa  of  sulphur  b;  the  apongj  metal,  and  conaaqiienth 
rMDOTW  vaa  had  to  the  plan  of  melting  the  iron  ore  with'  fluxes  aud  then  predpl- 
tating  the  inn  fibm  the  liquid  masB  b;  mixing  it  with  carbon  in  the  form  of  cool. 

For  this  purpose  the  ore  is  miiud  vith  snfflcieat  lime  to  praient  the  combioBdoil 
of  much  fenona  oxide  wilJi  the  silica  present,  and  a  charge  of  abont  a  Mn  is  pat  into 


thsnitatiag  f^imace  prerionalj  hasted  to  bright  redness.  Sometimes  alnntinons  iron  or*  tl 
added  when  the  iron  ore  contains  much  silica,  and  I  he  addition  of  materials  contAining 
maogBDeas  is  also  adrantaigeoas.  After  the  eylinder  has  been  made  to  lerolve  slovly 
Ibiuiout  40  miantea  and,  under  the  influence  of  the  flame,  the  contents  hare  acqnirta 
a  bright  rad  heat,  about  6  orScwta.  of  small  coal  ia  added,  and  the  cylinder  made  to  re- 
late more  rapidly  to  eflfect  a  thorough  iotermizture.  By  the  reaction  of  the  carbon  and 
ferric  oxide,  magnetic  oxide  is  first  formed,  which  melta,  and  at  the  lame  time  metallic 
iron  begina  to  be  deposited,  while  the  remaining  ingredients  of  the  iron  ore  and  the 
flnx  form  a  silidona  elsg.  During  the  conbnuance  of  this  leaction  carbonic  oiids  is 
svolred  in  such  abundance  that  the  aupply  of  gas  to  the  cylinder  can  be  almost 
(otinlj  shut  off,  and  only  air  requires  to  be  supplied  to  bom  the  carbonic  oxide 
erolTea  by  the  reaction. 

When  the  reduction  of  the  iron  ore  is  nearly  completed,  tlie  rotation  of  the  ^linder 
is  stopped  and  the  liquid  slag  is  drawn  off.  llien  by  rotating  the  cylinder  again  the 
looM  lomps  of  metal  ore  united  into  balla,  which  are  transferred  to  a  steel  melting 
fiunace  containing  lome  melted  pig  iron  where  they  are  mn  down,  and  the  resolting 
melt«d  steel  !■  then  east  into  ingots. 

CarbltraiiiM  nutiod  :  oenenlation. — This  method  <^  producing  steel  is  bwad  npon 
the  circnmst&nee  that  when  malleable  iron  is  heated  to  a  tamperatore  somewbat 
below  its  melting  point,  in  contact  with  charcoal  or  some  other  carbonaceous  substance 
and  without  access  of  air,  carbon  is  absorbed  by  the  metal. 

The  malleable  iron  naed  for  producing  steel  in  this  way  must  be  of  the  b«tt 
quality  and  free  from  the  impniilies  which  affect  the  character  of  steel.  The 
earbonsing mateiial  or  cement  used  in  the  operation  is  coarsely  powdared  char' 
eoaJ,  and  sometimes  this  is  mixed  with  horn  shaiitigs,  ferrocyaniaes,  and  similar 
subMaaees  containing  carbon. 

The  fhmacea  in  which  the  operation  is  conducted  somewhat  reaemble  glass-hooM 
fnmacM  in  their  general  arrangement,  as  shown  by  flge.  423  and  424.  Th«7 
an  ecinstriKt«d  m  that  a  uniform  temperature  may  be  kept  up  in  them  for  aevsnl 


Fm.  433. 
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HI  whioh  UB 
]  >tML  In 
ehanjng  then  ehambsra  or  poti 
the  buB  of  inn  an  inbedded  in 
flnalj  groimd  chAicotl,  and  wbeo 
the  etaoAm  an  tiled  the  amtaem 
an  corend  witli  a  larer  of  loam. 
The  doorw»j  (p)  ia  Uieo  bricked 
np,  BDd  the  fiuraa£e  ia  gradaaUj 
heatad  np  to  the  reqninte  tempa- 
istnre,  tIufIi  is  kept  np  nnifonol; 
for  several  dajs  outil  thn  cooTer- 
■jon  of  the  iron  into  steel  is  com- 
pletA.  The  precise  natare  of  the 
procesa  b;  which  iron  is  tiina  con- 
verted into  Bt«ol  ia  not  thopooghly 
aDdaratood ;  bat  it  is  probable  th^ 
gaseona  carbon  compoonda,  such 
as  carbonic  oxide  or  hydrocarbons,  an  concerned  in  the  change,  eitbar  bj  a  reaction 
amilai  to  that  which  tHkes  place  ia  the  prodacttoo  of  pig  iron,  or  by  the  absorption 
of  carbon  from  hydrocarbons,  which  takes  place  when  malleable  iron  ia  heated  in 
cont&ct  with  mareh  gns  or  olefiaot  gaa. 

When  the  conversion  of  the  iron  into  steel  is  complete,  the  furnace  ia  allowed  to 
cool  gradually  and  the  ban  ore  taken  ouL  A  remarkable  charactenatic  of  the  steel 
prodnced  in  this  way  ia  tlie  presencn  of  numerona  small  blisters  on  the  aorfiua  of  the 
ban,  for  which  reason  it  is  called  blister  strel.  The  nuiform  mze  and  distribntion 
of  the  bliaters  over  the  sorfaccB  of  the  bars  are  couBidsred  to  indiista  the  good  ^[uali^ 
of  the  steel,  while,  on  the  contrary,  if  the  bliaten  are  large  and  nneqnally  diatnbntea 
the  steel  is  probably  daflcient  in  homogBneity. 

Iron,  when  converted  into  steel  by  the  cementation  method,  in 
from  O'R  to  076  per  cent.,  and  tbs  fuel  conanmed  in  the  op)-ration  an 
90  per  cent,  of  the  steel  produced. 

The  bara  of  blial^r  at«el  obtained  by  the  cementation  method  an 
tllroughout  in  teiture  am!  composition,  the  eiterior  portions  being  n 
hnriaad  than  the  interior,  and  the  djfferpttce  Is  not  always  the  aame  in  all  nuts  of  the 
bars.  To  rnndcr  atepl  made  in  thie  way  homogeneous,  the  bore  are  beatod  and  drawn 
out  vhilo  hot  under  hammers  into  thin  bara,  which  are  laid  together  in  a  faggot, 
heated  to  a  welding  heat,  and  then  hammered  or  rolled  bo  as  to  weld  them  togWhar 
into  one  nmas.  This  operation  is  repeated  several  times,  until  the  metal  has  acquind 
the  requisite  degree  of  homogeneity,  and  the  atari  iathen  larmed  ah  ear  at  eel. 

The  physical  cbaractera  of  the  metal  are  alao  conaiderably  changed  during  the  ce- 
mentation, and  the  BUrfaces  of  &acture  prBBent  a  crystalline  or  granular  texUn  niy 
diflerunt  from  (hat  of  malleable  iron ;  ihe  colour  also  is  reddish  white,  Bomswfaat  like 
bismnth. 


e  highly  ci 


Another  metbod  of  producing  sleel  by  carburetting  malleable  i 
melting  Mrap  iron  witb  aaffldeni  y%  >nn  to  fimiish  the  i«quisit«  ami 


t  of  earbcMi. 


wUchgaa 


.  M  of  thU  metiud  U  prineipaltT  dna  to  tlie  appliaation  of  faniaeM 

Id  wnlch  gaseon*  hel  is  bonit  upon  the  regeacratJTr  nyatem  introduced  b;  Mr.  Siemens. 
]%e  hnMce  eaplojed  fw  the  pDipoae  ia  Himilar  to  that  rep»8oiited  bj  ils.  410,  the  bedi 
■poD  which  the  pig  iron  ii  iaell«d  bung  formed  of  r^'ectunr  sand,  and  at  the  aida  o. 
it  it  tn  oidinaiT  lerBiberatoiT  funBoe  in  which  the  maUeablo  iron  ia  heated  to  redneu 
bdbie  being  added  to  the  boui  of  liqnid  pig  iron  in  irhich  it  is  dissolred,  until  metal 
of  IIm  nqnind  dianotar  haa  been  pcodooBd.  A  prominsnt  advantage  of  tJiia  method 
ii  that  oi:  obtaining  conndeEable  maeeea  of  iteel  in  a  liquid  itate,  which  &uLitatea  Um 

JWeartwialiaB  nulhadt.  -  Hie  pndiution  of  Bteel  ttam  pig  iron  b^  abstracting  a 
paction  of  ila  carbon  is  in  all  eases  effbetod  chiafl;  bj  means  of  the  oiidiiiDg  action  of 
ttmoapherio  osjgen,  and  to  some  extent  also  by  naction  with  alag  coDt«ning 
brtooa  nlieatr,  mudi  the  lame  as  in  the  prodnctiiai  of  oidinai;  malleable  iron ;  but 
(h*  Mtnie  of  the  mstal  prodncad  ia  iwj  modh  determined  by  the  extent  to  which  the 
decarboi^ioD  is  carried. 

When  the  oparatioQ  is  oondiietsd  in  a  finery  hearth  with  charcoal,  the  metal  pro- 
doMd  i>  tormed  natural  litei.  The  material  operated  upon  is  eithmf  white  pig  iron  or 
easily  fnsible  grey  pig  iron  obtained  by  emelting  spathic  or  magnetic  iron  ore  with 
cbareoal.    The  decarhnrising  operation  was  formerly  condncted  in  this  manner  with 


_ _,  Stjria,  Carinthia.  Sweden,  and  some  other  places,  steel  was  largely  produced  in 

this  way,  but  of  late  yeaia  other  mMhoda  hava  been  to  a  gi«at  exMnt  sabstitnted  tot 
the  decarboistioD  in  the  finery  hearth. 

Among  tbemoreroceotmethodaof  producing  steel,  that  of  puddlingieeondneted 
eHentially  in  the  same  manner  ns  in  the  production  of  ordinary  malleable  iron,  except 
in  so  for  that  the  decarburation  is  not  curried  to  the  same  extent,  and  the  pig  iron 
operated  npon  reqniroa  to  be  free  from  substencea  prejudicial  lo  Bteel. 

The  greatest  advance  in  the  manafuctnce  of  steel  has  been  eflk:ted  by  the  lutro- 
doctioa  c^  Beaaeraer'a  method  of  decaiburising  pig  iron,  by  blowing  atmoepheric  ur 
into  the  melted  metal.  Under  these  conditiooa  Ilie  carbon  is  oxidised  more  readily 
than  the  iron,  and  converted  intji  carbonic  oxide  with  considerable  evolution  of  beat, 
u  that  tlie  temperature  of  the  metal  is  kept  abOTe  the  malting  point  of  steel,  and 
when  the  decarburation  has  been  carried  &r  enough,  the  liquid  stwl  can  be  run  into 

The  apparatns  employed  in  Sweden  in  the  prodnction  of  steel  according  to  Bessemer*! 
method  oonasta  of  an  upright  cylindrical  chamber  constructed  of  fiie  brick  strongly 
cased  with  sheet  iron.  At  one  aide  of  iJie  chamber 
is  an  opening  through  which  melted  pig  iron  can 
be  run  in,  and  the  top  is  closed  by  a  moveable 
oorer  of  similar  construction,  having  an  open 
nedt  through  which  the  gas  evolved  during  the 
operation  can  escape.  At  the  bottom  of  Ibe 
chamber  is  a  tapping  hole  that  can  be  closed 
with  a  plug,  and  a  gutter  for  running  out  the 
decarburised  metal.  Bonnd  the  bottom  also  are 
a  nntaber  of  concentric  tuyeres  conneclod  with  a 
main  through  which  air  can  be  forced  through 
the  eontents  of  the  chamber.  The  melted  pig 
iroD  is  either  mn  into  the  converting  nhamber 
direct  from  the  smelting  furnace  whore  it  is 
made,  or  it  is  first  run  into  n  large  ladle  and 
weighed.  This  plan  haatheadvantogeof  saving 
the  fuel  requisite  for  melting  the  pig  iron,  and  it 
is  well  Buited  for  cases  whire  the  ore  amoltcd 
yidds  pure  pig  iron  of  uniform  quality. 


The  . 


this 


presented  by  fig.  426 
mada  of  stoat  sheet  iron,  and  lined  with 
brick  or  some  other  refractory  silicioas  material. 
At  the  bottom  of  the  converter  are  a  number 
of  ur  tuyeres  communicating  with  n  hitcml  tube, 
by  which  air  can  be  forced  into  the  interior 
■nder  a  high  pressnre,  and  the  npper  end  of  the 
onarerta  is  AiniiBhed  with  n  contracted  neck, 
which  is  left  open.    The  converter  is  mooated 


led  over  int«  any  reqoir^l  pneitin^ 


6M 


IRON'. 


ly  nuuu  of  m>di)n«7  ooniMaUd  with  it.    ThegjMMnlansBgtmwit  of  thaMTMMU 
D  pail*  is  ihown  bj  Sg.  437. 

The  conrerten  (a  a)  are  placed  on  opposite  Ddae  of  »  de«p  ejUndriwl  pit,  in  tin 
jeutn  of  irhicli  is  ■  TBter-presEore  engiDS  with  k  ratiekl  cjlindm  md  ft  lolid  pUtMi 
(a),  haTiDg  at  the  upper  end  a  atniDg  eRM«he«d  (d),  fbimed  of  two  (bong  puallal 
J  ..  -  I. J  -geUier,  and  Brraagsd  in  Each  a  mumar  ai  to  hold  at  one  eztd  tlw 


ciiden  bracad  togeU 


emptj.  Tlie  ladle  can  be  moved  ronnd  the  dmunfennee  of  tbe  pit  ofipunt*  to  tiihat 
atthe  coDverten  to  be  filled,  or  over  aoj  of  the  ingot  moulda  which  an  pUead  loaid 
the  periphei?  of  tbe  pit.  For  this  poipoee  the  eroaahead  is  raited  up  1^  the  vatw- 
pieuFure  engine  at  the  centre  of  the  pit,  safflmently  high  to  dear  the  immlda;  and  bj 
means  of  a  hole  at  the  bottom  of  the  ladle  fitted  with  a  pln^  the  oontenU  can  b«  m 
bto  the  ingot  monlda  in  sncctasion.  The  hjdcsalio  engiaea  (is)  are  wad  tea  tippJDg 
the  coDTBitalt  to  diachaige  their  contents  into  the  ladle. 


X       «       P       «      .Mrt. 
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Id  working  thii  apparatus,  the  ehaige  of  pig  iron,  vaiTing  from  on*  and  a  half  to 
five  toD8.  is  ^t  meltad  in  a  cnpola  or  revarberatorj  farnace,  and  ran  into  the  con- 
Terter,  preriooslj  heated  <  o  redneaa  bj  burning  a  ^uantit;  of  coke  inside  it.  Wbila 
the  melted  pig  iron  is  beiog  run  in,  the  cooTerter  is  placed  bo  that  the  bottom  and 
the  neck  are  level  with  the  central  axis,  and  while  it  is  being  brought  back  to  ths 
vertical  position  the  blast  is  tunied  on,  A  reddish-jellow  bintl;  tuminont  fluna  ihea 
iesnea  &^m  the  neck  of  the  converter  for  a  few  minutes;  after  a  while  it  beoomol 
more  brilliant,  tixe  liquid  metal  becomes  violently  agitAted,  and  a  shower  of  (paikl 
appears,  consisting  of  fragments  of  burning  iron  together  with  particles  of  slag,  wUeh 
are  thrown  oat  bj  the  rapid  disengagement  of  carbonic  oxide.  After  some  minntsa 
the  dischargp  of  sparks  ceases,  the  actjon  becomes  lees  violent,  and  (he  flame  iiiimiiils 
the  bluish  violet  characteristic  of  carbonic  oxide,  until,  irheo  the  wfaide  of  the  earboii 
is  oxidised,  it  is  replaced  b;  a  atnam  of  intenselj  heated  gas,  canHitii^  chisflj  of 
nitrogen  nsulting  from  the  oxidation  of  iron  by  the  air.  Al  this  period  the  convartar 
is  turned  round  to  the  horiiontal  position,  and  about  10  per  cent,  of  mangaiiifeNO* 
pig  iron  is  run  in  or  a  sufficient  qoantity  to  give  the  reqmsito  amount  of  carhrai  in 
the  metal.  The  contents  of  the  oonverter  an  then  mn  out  into  a  ladle  aad  tiaoa- 
ferred  to  ingot  moulds. 

The  chemical  changes  that  take  place  in  the  conrerter  are  indicated  I^  the  fidlowing 
table  ahowing  the  eompoaitioi)  of  ue  gas  evalved  at  different  stages  or  the  BetMons 
operation : — 


Carbonic  oxide    « 
Carbonic  dioxide . 
Oxygen        .        .        . 
Hydrogen    . 
NitiogPD 

Two 

Four 

Sli 

.^ 

Twrtve 

Foonn 

10-71 
-92 

S  8-37 

3'9G 
8-67 

-88 
SS'fiS 

4-fiS 
8'20 

SG'2S 

19'S9 
3'fi8 

200 
7*83 

29-30 
2-30 

3-18 

31-11 
IM 

MO 

es-u 

alte 
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thecompo 

siUonofd 

lie  metal  i 
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Silicon 
Sulphur 
Fhoephoms 
Manganese  . 
Copper 

operated 
vpon 

Oompoeitioii  of  metel  after 
blowing 

Steel 

Six 
minntes 

Nine 
minntes 

Thirteen 
minntes 

Ingot 

BmH 

2070 

1200 

1952 

•014 

•048 

•086 

2170 
•795 

trace 
•051 

trace 

1550 
•635 

trace 
•064 

trace 

•097 

•020 

trace 

•067 
trace 

•566 
•030 
trace 
•053 
•309 
•039 

1 

•519 
•030 
traoe 
•053 
•309 
•039 

It  will  be  seen  that  the  sulphur  present  in  the  pig  iron  is  almost  entirely  eliminated ; 
the  greater  part  of  the  silicon  is  also  separated,  together  with  the  carbon,  and  almost 
in  the  same  proportion ;  but  the  phosphorus  is  not  removed,  and,  owing  to  the  oxidation 
of  some  iron,  the  amount  is  actually  greater  in  the  finished  steel  than  in  the  pig  iron. 
The  copper  and  manganese  present  in  the  steel  are  due  to  the  manganiferous  pig  iron 
added  at  the  end  of  uie  operation.  The  following  analyses  of  the  metal  in  cufferent 
stages  represent  the  results  obtained  at  the  Neuberg  works  in  Styria,  whi<^  are 
essentially  of  the  same  nature  as  those  obtained  at  Dowlais.  The  copper  and  manga- 
nese in  this  case  are  chiefly  derived  from  the  pig  iron  operated  upon,  and  the  copper 
is  due  to  the  presence  of  pyrites  in  the  spathic  iron  ore  from  which  the  pig  is  made. 


c-^&tt  : 

SiUcoQ     . 
Sulphur  . 
Ihosphorus 
MangansM 
Oopper    ... 

Grey  pig 
operated  npon 

Composition  of  metal 

After 
sooriiloation 

Towards  end 
of  boiling 

Before  adding 

manga- 

niteonspig 

iron 

Ingot 

3180 
•750 

I960 
•018 
-040 

8-460 
-085 

2-465 
•443 

trace 
-040 

1-645 
-091 

•949 
-112 
traoe 
•045 
•429 
•095 

•087 
•028 
traoe 
•045 
•118 
•120 

•234 
•033 
trace 
•044 
•139 
•105 

The  composition  of  the  slag  taken  from  the  converter  at  the  same  time  as  the  dif- 
ferent portions  of  iron  is  shown  in  the  following  table : — 


Smelting  fnr* 

After 

Towards  end 

Before  adding 

While 

Ferrous  oxide  • 

naoeslag 

scorlfioation 

of  boiling 

pig  iron 

casting 

060 

6-78 

5-50 

16-86 

15-43 

Manganous  oxide 

2^18 

3700 

37-90 

32-28 

31*89 

Lime 

30-35 

2-98 

1-76 

119 

1-23 

Magnesia. 

16-32 

1-53 

0-45 

•52 

-61 

Potash 

•18 

trace 

— 

Soda 

•14 

Silica 

.  40^95 

46-78 

5175 

46-75 

47-25 

Alumina  . 

8-70 

4-65 

2-98 

280 

3-45 

Sulphur  . 

•34 

-04 

trace 

trace 

tracr 

Phosphorus 

-01 

-03 

•02 

•01 

•01 

9977 

99-79 

100-86 

10036 

99^87 

It  is  evident  from  these  analyses  and  from,  those  showing  the  composition  of  the 
metal  and  of  the  gas  given  off,  that  the  heat  generated  in  the  decarburation  of  pig 
iron  by  the  Bessemer  method  is  in  great  measure  due  to  the  oxidation  of  silicon,  since 
the  carbon  is  chiefly  separated  as  carbonic  oxide,  and  consequently  it  appears  that  the 
pig  iron  to  be  converted  into  steel  by  that  method  should  contain  a  considerable 
amount  of  silicon;  at  the  same  time  the  amount  of  silicon  should  not  exceed  the 
quantity  capable  of  being  oxidised  by  the  time  the  carbon  is  burnt  off  and  the  end  of 
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the  operation  is  indicated  by  the  cei»8ation  of  the  flame,  otherwise  the  steel  produced 
ma/retain  sufficient  silicon  to  render  it  weak  and  brittle,  or  the  excess  of  silicon  will 
give  rise  to  the  formation  of  a  large  amount  of  slag,  and  consequent  waste  of  iron  by 
oxidation  and  the  production  of  ferrous  silicate.  The  oxidation  of  iron  or  manganese 
in  the  formation  of  slag  is  also  a  farther  source  of  heat. 

The  uniformity  of  composition  and  texture  essential  to  steel  of  good  quality  may 
be  to  a  great  extent  ensured  by  subjecting  blistered  steel  or  puddled  steel  to  repeated 
welding  and  forging  or  rolling.  But  this  method  is  laborious,  while  it  has  the  farther 
disadvantage  that  in  carrying  it  out  the  amount  of  carbon  in  the  metal  is  reduced  by 
oxidation  and  the  metal  is  thus  rendered  softer.  By  melting  the  steel  in  crucibles, 
however,  it  is  possible  to  exclude  air,  and  thus  to  obtain  under  the  name  of  cast  steel 
a  more  perfecUy  homogeneous  metal.  This  method  of  treating  cement  steel  has  been 
practised  since  1740,  when  it  was  introduced  by  Huntsman  at  HandswortJ^  near 
Sheffield.  The  more  recent  methods  of  Bessemer  and  Siemens  have  furnished  steel  in 
a  melted  condition,  and  have  thus  to  some  extent  superseded  the  necessity  for  subjecting 
cement  steel,  etc,  to  this  operation,  but  it  is  still  practised  on  a  oonsidcoable  seale. 

The  material  used  for  the  production  of  cast  steel  of  high  quality,  whether  it  be 
cement  steel  or  paddled  steel,  must  be  tree  from  impurities,  and,  according  to  the 
amount  of  carbon  in  the  metal  operated  upon,  as  well  as  the  kind  of  steel  reqaized, 
various  substances  are  used  as  admixtures — ^such  as  charcoal,  manganese,  and  manga- 
niferous  pig  iron. 

The  metal  is  melted  in  crucibles  so  as  to  exclude  access  of  air,  and  as  it  is  impor- 
tant  that  the  fusion  should  take  place  rapidly,  Siemens'  regeneiative  fomaces  uve 
been  employed  for  this  purpose  with  great  advantage.  The  melted  metal  is  ran  into 
ineots,  which  are  generally  of  unequal  toxture,  and  to  render  them  compact  and 
nniform,  they  are  heated  and  drawn  out  under  powerful  hammers  until  the  metal 
acquires  the  requisite  characters. 

The  characters  of  steel  are  to  some  extent  intermediate  between  those  of  cast  iron 
and  ordinary  malleable  iron,  but  steel  is  distingaished  from  both  by  the  capability  cf 
acquiring  considerable  hardness  when  suddenly  cooled.  The  greater  the  reaction  of 
temperature  and  the  more  rapidly  it  takes  place,  the  greater  tt  the  degree  of  hardness 
thus  produced.  Steel  raised  to  a  white  heat  and  then  immersed  in  cold  mercnzy  ac- 
qnires  a  degree  of  hardness  nearly  equal  to  that  of  the  hardest  white  cast  iron  or  even 
of  the  diamond :  it  is  then  also  extremely  brittle.  By  heating  such  hardened  steel 
and  allowing  it  to  cool  gradually,  it  again  becomes  soft  and  Teas  brittle.  It  is  in 
virtue  of  this  capability,  which  is  one  of  the  most  distinctive  characteristics  of  steel, 
that  various  degrees  of  hardness  can  be  communicated  to  it,  by  regulating  the  tem- 
perature to  which  the  hardened  metal  is  heated  before  being  allowed  to  cool  gradually, 
or  to  which  the  soft  metal  is  heated  before  being  suddenly  cooled.  Steel  to^  and  in- 
struments are  made  and  finished  while  the  metal  is  in  the  soft  stete  and  the  requisite 
degree  of  hardness  is  given  to  them  as  above  described.  This  operation  is  termed 
tempering.  The  temperatures  to  which  the  metal  requires  to  be  heated  in  order  to 
acquire,  in  this  way,  particular  degrees  of  hardness  are  indicated  by  the  yellow  or 
bluish  colours  which  the  metal  assumes  by  the  formation  of  an  extremely  thin  film 
of  oxide  on  the  sur&ce. 

By  cooling  the  heated  metal  slowly  these  colours  appear  in  the  reverse  order,  and 
as  soon  as  the  required  colour  appears,  the  article  to  be  nardened  is  plun^d  into  the 
liquid  in  which  it  is  to  be  cooled.  This  is  generally  water,  but  sometimes  saline 
scuutions  are  used,  as  well  as  oil,  melted  tallow,  wax,  ete. 

The  distinction  between  steel  and  cast  iron  or  malleable  iron  is  not  by  any  means 
absolute;  it  consists  rather  in  the  degree  to  which  considerable  haroness  or  the 
capability  of  acquiring  that  character  is  associated  with  tenacity  and  malleability. 
Accordinglv  there  are  numerous  varieties  of  steel  approximating  in  various  degrees 
to  malleable  iron  or  to  cast  iron.  Together  with  such  gradational  dififerenoes  in  Uie 
characters  of  the  metal,  there  are  corresponding  differences  in  the  amount  of  carbon 
it  contains ;  the  closer  the  approximation  to  malleable  iron,  the  smaller  is  the  amount 
of  carbon  in  the  metal ;  the  closer  the  approximation  to  cast  iron,  the  larger  is  the 
amount  of  carbon.  When  the  amount  of  carbon  is  less  than  about  0*66  per  cent, 
the  capability  of  being  tempered  is  either  wanting  or  very  sliffht ;  when  the  carbon 
amounts  to  1*75  per  cent.,  the  metal  is  capable  of  being  made  very  haid,  but  its 
tenacity  is  much  reduced.  The  capability  of  being  hardened  and  tempered  is  asso- 
ciated with  the  maximum  of  tenacity  when  the  carbon  amounts  to  about  1*6  per 
cent.  The  opinion  has  long  been  entertained  that  these  characters  of  steel  are  inti- 
mately connected  with  the  amount  of  carbon  it  contains,  but  it  is  still  unknown  in 
what  manner  these  facts  are  related.  Cement  steel  contains  firom  '496  to  1*87  per 
cent  carbon,  natural  steel  from  '986  to  2-44  per  cent,  soft  steel  *96  per  cent,  the 
aoftMt  Bessemer  metal  '08  per  cent,  and  cast  steel  from  '86  to  1*94  per  esot    Id 
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Sweden  aeTeral  qoaUties  of  Bessemer  metal  are  made,  differing  in  the  amount  of  car- 
bon thej  contain,  and  distingoished  bj  numbers  as  follows : 

No.  1.  No.  2.  No.  8.  No.  4.  No.  6. 

Amount  of  carbon      .2-0  1'5  1'  *5  '05 

The  metal  No.  1  can  be  forged,  though  with  some  difficulty,  but  it  does  not  weld.  On 
the  contrary.  No.  5  welds  perfectly,  but  cannot  be  tempered. 

The  presence  of  silicon  in  steel  is  considered  by  some  authorities  to  be  advantageous 
so  £Etr  as  regards. the  capability  of  being  hardened ;  but  others  are  of  opinion  that  it 
increases  the  tenacity  of  the  metal  at  the  ordinary  temperature,  and  makes  it  difficult 
to  weld,  though  a  small  amount  of  silicon  renders  steel  soft.  The  best  kinds  of  steel 
often  contain  only  minute  traces  of  silicon,  and  few  contain  more  than  '02  or  '03  per  cent. 

Among  the  various  substances  which  are  frequently  present  in  malleable  iron  and 
in  cast  iron,  those  which  are  most  prejudicial  to  the  quality  of  steel  are  sulphur, 
phosphorus,  and  copper.  The  amount  of  sulphur  in  steel  of  the  best  quality  rarely 
exce^  '012 ;  within  the  limit  of  '1  per  cent,  it  is  considered  to  render  the  metal  more 
capable  of  being  welded  at  a  moderate  heat,  but  to  make  it  red  short.  Phoephorus 
also  renders  steel  more  capable  of  being  welded  and  at  the  same  time  makes  it  cold 
short  when  it  amounts  to  *1  per  cent.  The  best  steel  rarely  contains  so  much.  Copper 
renders  steel  decidedly  rod  short  when  present  in  yery  small  amount,  and  for  tnis 
reason  iron  smelted  firom  ores  containing  copper  pyrites  is  not  suitable  for  making 
steeL 

The  fact  that  certain  kinds  of  iron  ore  containing  manganese  are  especially  suitable 
for  the  production  of  steel  has  given  rise  to  the  opinion  that  this  metal  is  a  necessary 
constituent  of  good  steel ;  but  it  is  in  fact  rarely  the  case  that  steel  contains  much 
manganese,  and  whatever  beneficial  influence  the  presence  of  that  metal  may  exercise 
in  the  manu&cture  of  steel  would  appear  therefore  to  be  of  a  totally  difiereut  nature. 

The  presence  of  chromium,  nickel  or  rhodium  in  steel  is  said  to  improve  its  quality, 
but  the  data  on  which  the  opinion  rests  are  somewhat  insufficient. 

The  results  of  the  observations  on  the  influence  of  silver  upon  steel  are  discordant. 
Tungsten  and  titanium  have  been  stated  to  improve  the  quality  of  steel,  but  further 
experience  is  requisite  in  regard  to  this  point.  The  steel  of  which  the  celebrated 
Damascus  sword  blades  are  made  contains  from  '05  to  '1  per  cent,  of  tungsten,  and 
it  has  been  asserted  that  the  presence  of  this  metal  increases  the  tenacity  of  steel  and 
renders  it  especially  suitable  for  cutting  instruments.  Four  samples  of  tungsten 
steel  analysed  by  Sievert  contained  from  *9  to  4*75  percent. 

The  presence  in  steel  of  a  minute  amount  of  nitrogen  as  a  necessary  constituent 
has  been  alleged  by  Fremy ;  but  Marchand,  Bammelsberg,  and  fioussingault  have 
failed  to  detect  by  their  analyses  any  greater  indications  of  nitrogen  in  steel  than 
might  fairly  be  ascribed  to  accidentid  sources.  Cnron  infers  from  his  observations 
that  if  steel  contains  nitrogen,  it  is  not  as  an  essential  constituent,  and  similar  results 
have  been  obtained  by  Baker  and  Stuart 

The  colour  of  steel  is  groyish-white,  sometimes  almost  pure  white,  and  the 
hardened  metal  is  sometimes  whiter  than  the  soft  metal.  The  lustre  of  steel  is  not 
remarkably  different  from  that  of  malleable  iron.  The  surface  of  fracture  presents  a 
very  fine  granular  texture,  very  uniform  and  without  any  of  the  fibre  characteristic  of 
good  malleable  iron.  The  fracture  of  hardened  steel  presents  a  remarkably  dose 
fine  grained  texture.  Steel  is  always  harder  than  malleable  iron ;  but  it  is  never  so 
hard  as  that  kind  of  white  cast  iron  known  as  specular  iron.  The  tenacity  of  steel 
is  greater  than  that  of  either  cast  iron,  malleable  iron,  or  any  other  metal.  According 
to  the  experiments  of  Muschenbrock  and  Rennie,  it  is  at  least  twice  as  great  as  that 
of  malleable  iron ;  it  is  slightly  reduced  by  hardening,  but  by  annealing  the  metal 
the  tenacity  is  rendered  even  greater  than  that  of  the  unhardenod  steel. 

The  malleability  of  soft  steel  at  the  ordinary  atmospheric  temperature  is  even 
less  than  that  of  hard  cast  iron.  Hardened  steel  is  very  brittle,  and  it  will  not  bear 
working  with  the  hammer.  The  malleability  of  steel  is,  however,  considerably  in- 
creased when  the  metal  is  heated. 

The  specific  gravity  of  soft  steel  varies  between  7*6224  and  7*8131.  It  is  some- 
what reduced  by  hardening  the  metal,  viz.  firom  7*75  to  7*55  or  from  7*79  to  7*67. 

The  specific  heat  of  steel  is  0' 11848  ;  its  linear  expansion  when  heated  from  0^  to 
100^  is  scarcely  greater  than  that  of  ordinary  malleable  iron,  but  it  is  less  than  that 
of  cast  iron.  By  heating  from  30°  to  a  red  heat,  a  steel  bar  lengthens  about  ^^ ;  the 
elongation  of  a  bar  of  malleable  iron  within  the  same  range  of  temperature  is  3^,  and 
that  of  cast-iron  is  ^ ;  by  heating  steel  to  whiteness,  it  lengthens  ^,  and  the  corre- 
sponding expansion  for  malleable  iron  is  ^,  that  for  cast-iron  g^. 

When  steel  is  heated  to  whiteness  it  becomes  soft  like  onlinary  malleable  iron 
under  the  same  condiUons,  and  it  is  then  capable  of  being  wrought  and  welded,  not 
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only  to  steel  tmt  also  to  onlinaiy  m&llMble  iroD ;  atral  wslds,  bowaver,  kt  a,  kiwor 
temnratnR  than  malleable  iron  does. 

Ths  melting  point  of  ateel  is  between  that  of  tsst  iron  and  that  of  maUeaU*  inn ; 
pnb«bl;  about  ISOO",  but  the  fmibilitj  is  influenced  b;  the  amoont  of  carbon  eos- 
tained  in  ths  metal. 

StMl  u  leas  soHceptible  of  magnetic  indnclion  than  pnra  iron,  bnt  it  £af  axeeadi 
inn  in  the  capability  of  becoming  pennanently  magnetic,  for  which  roaaon  it  if 
generallj  nied  for  making  magnets. 

Steel  is  oxidised  much  lesi  leadilj  than  malleable  iron  b;  expoann  to  the  atmo- 
Ephere  at  the  ordinarj  temperature,  eapeoallT  when  it  is  polished  and  dean.  711(0 
^adoallj  heated  in  contact  with  atmospbenc  aii,  steel  acquire*  as  the  tommntom 
rieea  a  succeeeion  of  colours  at  the  surfiice,  &om  &int  yellow  to  blackish  blue.  At 
860°  all  colonr  dieappean,  but  if  the  heat  be  raised  still  fnrtlier,  the  coloun  nappeai 
in  the  same  aider  as  before,  but  iflore  faintly.  The  coloration  is  due  to  ozidatiaD,  and 
the  change  of  colonr  is  caused  by  the  increanijg  thickness  of  the  film  of  oxide,  JQSt  as 
the  succession  of  colours  in  Newton's  rings  is  caused  by  the  unequal  thickness  of  a 
lajer  of  air. 

Hardened  tteel  is  dissolTed  bjr  adds  less  readily  than  soft  ateeL  With  dilate 
hydrochloric  acid  or  aalphnric  acid,  salt  steel  gives  a  larger  amount  of  the  blad 
naphitje  aabetance  which  is  attnctnl  by  the  magnet  than  malleable  iron  does.  By 
Uie  continued  action  of  the  acid,  this  substance  is  converted  into  a  carbcuaceona  mass 
which  bums  without  leaving  any  reeidne,  as  in  the  rase  of  malleable  iiOD  and  ewt 
iron.  With  dilate  QiCric  add  this  graphitic  substance  is  not  separated  from  soft  staaL 
Concentrated  Ivydrachloric  acid  dissoWrs  soft  steel  completelj  vithoat  reddiw. 

The  folloiring  table  gives  the  compoaitJon  of  several  kinds  of  steel : — 


»,». 

LasaUV 

Hn 

Cu 

CtPin- 

phl- 

fit 

P 

kna-aUi 

Natoral  steel   . 

Siegen       . 
Sallngea    . 

■379 

1-698 

038 

Karsten 

1-670 

020 

Fuddled  steel  . 

Harti 

■012 

1-380 

006 

trace 

Braons 

Cement  steel    . 

English     . 

I  ■807 

100 

BertUer 

Qennan     . 

-416 

080 

Biomeis 

Cbstst^ 

Sheffield    . 

■9fiO 

220 

17S8 

Karsten 

French      '. 

-66 

040 

Sword  sWal      . 

■070 

V089 

(Hi -or 

„ 

- 

trace 

- 

-776 

- 

""wi' 

%sr 

- 

WoDtl         . 

Indian 

_ 

_ 

_ 

1-600 

BOO 

_ 

98032 

1  ■3331-312 

046 

H^ry 

CaBt  Bleel         '. 

German 

300 

1-180 

330 

-020 

English      . 

02J 

066 

1-276 

213 

Bessemer  metal 

Dowlais     . 

m 

'026 

■490 

0U9 

-033 

-036 

Sweden      - 

trace 

■086 

nos 

tince 

-025 

Bnuswiti 

m 

■300 

044 

-038 

216 

-700 

032 

'464 

■960 

047 

-032 

■365 

1050 

067 

Wired 

Barrow-in- 

Foriifss. 

■314 

■200 

179 

■030 

-026 

Eail  hMdB 

Gorman     . 

■386 

■138 

306 

•040 

■034 

BniU 

-264 

-160 

OBI 

■025 

■033 

■SSB 

■046 

6?H 

-046 

083 

B^ler  pUte      '. 

]36 

■280 

016 

~ 

^ 

— 

■273 

— 

■300 

056 

■040 

■041 

■■ 
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The  material  of  which  plants  and  animals  consist  comprises  a  great  yariety  of 
distinct  substances,  some  of  which  are  constant  constituents  of  all  plants  or  animals, 
while  others  are  peculiar  to  certain  species  or  to  particular  organs  of  plants  and 
animals  {ante,  p.  67)*  Apart  firom  the  phenomena  of  reproduction,  growth  and 
development  by  which  plants  and  animals  differ  from  minerals,  the  substances  of 
which  they  consist  differ  in  their  general  character  very  widely  from  those  treated  of 
in  the  preceding  part  of  this  work.  These  substances  are  also  remarkable  from  a 
chemical  point  of  view  on  account  of  the  general  similarity  of  their  composition, 
since  they  all  consist  either  of  carbon,  hydrogen  and  oxygen,  or  of  these  elements 
together  with  nitrogen,  sulphur,  or  phosphorus,  while  some  consist  simply  of  carbon 
and  hydrogen.  Many  of  them  contain  exactly  the  same  elements  combmed  in  the 
same  proportions,  but  are  neyertheless  totally  different  substances. 

Under  ordinary  conditions  the  formation  of  these  substances  is  incidental  to  the 
performance  of  those  functions  of  plants  and  animals  which  collectively  constituto 
the  phenomenon  of  life,  and  on  account  of  this  peculiarity  the  substances  formed  in 
the  organisms  of  plants  and  animals  are  termed  organic  substances,  while  those 
which  do  not  originate  in  this  way  are  distinguished  from  tbem  as  inorganic 
substances.    ^See  p.  15,  and  Oarbon  Compounds,  pp.  07,  60.) 

Until  recently  it  was  supposed,  not  only  that  the  constitution  of  organic  sub* 
stances  was  essentially  different  from  that  of  inorganic  substances,  but  also  that  their 
formation  was  the  result  of  special  influences,  of  a  nature  altogether  distinct  from 
those  to  which  ordinary  chemical  action  is  due.  These  suppositions  are  now 
abandoned,  and  the  substances  produced  by  plants  and  animals  are  regarded  as  being 
in  no  way  essentially  distinct,  as  regards  their  origin  and  constitution,  from  those 
commonly  termed  inorganic  substances. 

It  is  m  the  plant  organism  chiefly  that  the  formation  of  organic  substances  takes 
place,  and  the  chemical  activity  of  the  animal  organism  is  characterised  rather  by  the 
transformation  of  substances  derived  from  plants. 

All  the  organs  of  plants  are  formed  by  the  aggregation  of  numerous  elementary 
parts  differing  in  form,  chamctcrs,  and  composition.  These  elementary  parts  are  called 
cells  ;  the  combination  of  cells  is  termed  tissue. 

Cells  in  their  simplest  form  are  minute  vesicles  closed  on  all  8i<les,  consisting 
of  various  organic  substances  partly  nitrogenous  and  partly  non-nitrogenous ;  they 
also  contain  mineral  constituents,  and  so  long  as  they  exercise  the  functions  of  life 
they  are  chargect  with  water. 

The  young  organs  of  vegetation,  such  ns  the  germ,  the  embryo,  the  young  rootlet, 
and  the  cotyledons,  consist  of  cells  with  extremely  delicate  walls,  which  enclose— chiefly, 
and  in  greater  proportion  than  the  other  tissues  of  plants — organic  compounds  consist- 
ing of  carbon,  hyorogen,  oxygen,  nitrogen,  and  sulphur.  These  substances  are  very 
similar  in  composition  and  properties  to  those  forming  the  principal  part  of  the  animal 
body.  They  are  classed  together  under  the  term  albuminoids.  The  young  organs 
of  plants,  besides  being  veiy  rich  in  albuminous  substances,  also  contain  n  very  largo 
proportion  of  mineral  constituents  which  remain  as  ash  when  the  organic  portion  is 
burnt. 

The  albuminoids  of  the  vegetable  cell  are  saturated  with  water,  presenting  the 
appearance  of  a  viscid  material  insoluble  in  water  and  mixed  with  granular  concretions. 
This  material  constitutes  the  protoplasm  of  the  cells,  and  it  is  the  seat  of  the  chemical 
changes,. such  as  the  formation  of  cellulose  or  the  substance  of  which  the  cell-mem- 
brane consists. 
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The  eellsan  formed  in  the  millet  of  the  juices  irbich  permeate  the  plant,  and  ■■ 
thsj  are  anccessiTBlydeTtilaped  become  aggtatioated  together  vith  the  cdli  pierional; 
prodnced.  The  origioal  spherical  form  of  the  culls  aft«n  Ixtcomeii  modified  id  coo- 
seqnaiice  of  the  prBsanre  Btteodiiig  this  agglutjnatioa  ;  and  sometimes  they  form  ia 
this  WSJ  elongated  tubes  commaoicatiDg  at  their  coutnicted  extremities,  as  shown  in 
the  longitudinal  section  of  the  asparagns  {fig.  126  ;  flg.  4ZS  being  a  trsniTena  no- 
tion) :  they  disn  form  That  is  culled  vascular  tissue,  oUier  ilJnstrations  of  which  an 
to  be  found  in  hemp  and  cotUtn  iibres. 

Aa  growth  procaeds,  the  cells  cootained  in  the  seed  alUr  their  form  and  amnga- 
ment  in  the  roost  diTeisa  maniiei.  They  change  into  cells  of  other  kjnds;  dongatad 
cetU  nnilB  by  fosion  of  tbair  outer  surfacea  into  tubes  and  vessels ;  in  many  msrs  llw 
eitramely  delicute  cbII  membraDC  tbichens  considerably  by  the  depoailion  and  aocumn- 
IstioQ  of  vnrioas  eubstancBii.  But  whatever  change  of  form  niaj  take  place,  whatever 
shape  or  tize  the  vessels  ur  tubes  ma;  aasome,  the  material  forming  their  envelop* 


Fio.  4Se. 


Fia.  129. 


reuuiiDB  always  the  same.  This  is  celluloae,  or,  as  it  is  somelinieB  called.  ligniD, 
uD  organic  substance  consisting  of  carbon,  hydrogen,  and  oxygen.  The  relative 
proportions  of  the  elements  in  this  substance  are  su^  that  the  hydrogen  and  oiygen 
beat  the  same  ratio  to  each  other  as  ia  water ;  hsnrs  cellulose  and  bodies  of  similar 
composition  are  rlaased  together  under  the  term  carbo-hydrates. 

The  epidermis  or  eiteraal  envelops  of  plants  couBists  of  cells  the  walls  of  which 
have  become  nrj  much  thickened,  and  the  cellulose  {wrtly  chiinged  and  ["rtl;  im- 
pngnated  with  various  substauces.  socb  as  fat,  albnmin,  Biilts  of  calcium,  and  silica. 
When  the  epidermis  is  detached  or  injured,  the  underlying  tissues  acquire  the  chatac- 
'  T  of  the  epidermis  cells,  and  by  absorptiou  of  those  subMances  become  chnoged  into 


The  Chin  elongated  cells  which  cunstituto  c 


e  tbe  seed  hairs  nf  the 


cotton  plant,  as  whU  as  the  cells  thickened  bv  concentric  layers  in  tbe  fibres  of  hemp, 
flax,  Phormium  tenax.  Agaec  americaiui,  Urtica  nivta,  etc.,  consist  of  nearly  puts 
cellulose.  In  the  cells  and  vpseels  of  woody  tissue  the  cell  msmbranc,  originally  coD- 
eisting  of  cellnloae,  is  thickened  by  the  grailual  deposition  and  alteration  of  repoatnl 
layers  of  cellulose ;  it  is  thus  convert^  into  woody  fibre,  and  is,  morooTer,  imprff- 
nated  with  colouring  matters,  rosin,  etc  In  algn  and  lichens  the  celluloae  is  pene- 
trated with  lie  hen  in.  In  some  cases  the  membranes  of  individuut  cells  are  cemented 
together  with  pec  tose,  pectin,  pec  tic  acid,  orthecalciuiu,potassinm.orBodiDmsa]ta 
of  this  acid  ;  as,  for  instance,  in  tbe  epidermis  tiasue  of  the  Caelaaeir,  in  tbe  Tasrolai' 
tisane  of  hemp  and  flai.  as  well  as  in  the  parenchyma  of  the  sncculent  roots,  tnben, 
or  rhizomes  of  camils,  «ugar  heels,  potatiMB,  nod  some  fruits. 

By  suitable  treatment  these  foreign  substancee  can  be  se{»rali:^l  from  rallnloae. 
For  this  purpose  it  is  sufficient  to  macerate  thin  slices  of  the  roota,  etc.,  for  about  a 
fortnight  in  hyilrochloric  add  diluted  with  ten  times  its  volume  of  water,  then  to  wash 
them  with  water,  aUcrwards  with  dilute  ammonia,  and  Hnally  again  with  water.  The 
cellulose  can  thus  be  almost  entirely  deprived  of  most  foreign  ingredients. 
.  The  woody  fibres  which  conttitiiti-  the  gnwTer  part  of  the  pith  and  tap  wood  ti 
trees  nie  not  ceinenled  together  willi  pectin  substances. 

Tbe  sulmlance,  which  permeates  the  cotlulose  In  wood  und  if  called  bv  Fayen  in- 
crustJD^mHturial,  is  anamorphous,  hard,  LriUlo  aubst^inco  of  complex  compocition,  richer 
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in  carbon  tlian  cellulose ;  the  proportion  of  hydrogen  to  oxygen  in  greater  than  in  water 
and  in  the  carbo-hydrates.  It  occurs  in  the  hard  masses  of  Sie  bark  of  trees,  in 
certain  hard  concretions  of  fmits — especially  pears — in  the  shells  of  nuts,  and  in  the 
stones  of  fruits.    The  amount  of  this  substance  in  the  different  kinds  of  wood  yaries. 

The  hardness,  weight,  and  brittleness  of  wood  are  due  to  incrusting  materials. 
The  greater  amount  of  carbon  and  hydrogen  in  wood,  as  compared  with  cellulose,  is 
likewise  due  to  their  presence.  These  substances  are  accompamed  by  colouring  matters 
and  by  albuminoids,  which  are  the  remains  of  the  protoplasm  of  the  young  cell.  The 
younger  the  wood  the  less  incrusting  materials  it  contains,  and  the  ridier  it  is  in 
unaltered  celluloee  and  albuminoids. 

Each  fibre  of  wood^  tissue  is  enveloped  with  a  solid  albuminous  material  which, 
when  moistened  with  iodine  solution,  ^ves  no  reaction  with  sulphuric  acid  ;  and  on 
this  account  woody  tissue  does  not  give  the  cellulose  reaction,  or  but  indistinctly, 
until  the  foreign  substances  have  been  got  rid  of. 

The  mineral  substances  present  in  plants  are  not  accidental,  they  are  found  partly 
in  the  cell  membrane,  partly  in  the  juices  of  the  cell,  partly  deposited  in  certain  parts 
of  plants,  such  as  the  epidermis  or  in  the  interior  of  the  tiasues. 

Thus  calcareous  secretions  are  often  found  in  the  leaves  of  the  Urtieaoea,  in  the 
spongy  cell  membranes  of  the  seeds  of  various  sorts  of  CeUis,  in  some  of  the  CharaoetB, 
and  m  the  incrusted  tissues  of  Corallina. 

Crystalline  concretions  occurring  free  in  the  cell  are  termed  raphides.  Such  con- 
cretions of  calcium  oxalate  are  very  frequent  in  phanerogamous  plants,  especially  in 
the  leaves  round  the  bundles  of  vessels  forming  the  reins  of  the  leaf.  They  also  oncur 
in  the  branches,  and  are  very  plentiful  under  the  layers  of  epidermis  in  the  cellulose 
tissue  of  the  Cactacea. 

The  presence  of  calcium  carbonate  in  such  concretions  was  shown  by  Payen  in 
1846.  Before  that  time  it  was  thought  that  the  earthy  carbonates  always  found  in 
the  ash  of  plants  were  produced  by  the  decomposition  of  salts  of  organic  acids. 
Although  the  greater  part  of  the  carbonates  in  the  ash  is  imdoubtedly  thus  produced 
during  combustion,  the  existence  of  calcium  carbonate  in  the  plant  has  been  con- 
firmed by  others.  Some  parts  of  plants  are  so  rich  in  carbonates  that  their  presence 
is  easily  recognised.  If  ten  or  twelve  seeds  of  Celtis  orimtalis  are  placed  in  a  test  tube 
and  covered  with  diluted  hydrochloric  acid,  brisk  effervescence  takes  place  owing  to 
the  escape  of  carbonic  acid ;  which,  if  the  test  tube  be  closed  with  a  soft  cork,  is 
strong  enough  to  drive  out  the  cork  after  a  short  time.  According  to  Payen,  these 
seeds  contain  as  much  as  40  per  cent,  of  calcium  carbonate. 

The  accumulation  of  considerable  masses  of  mineral  substances  to  form  such  con- 
cretions is,  however,  to  be  regarded  as  exceptional,  but  all  parts  of  plants  contain 
mineral  constituents  to  some  extent ;  indeed,  no  cells  can  be  formed  without  a  sufficient 
supply  of  mineral  substances. 

Seeds,  spores,  fungi,  and  the  germs  and  buds  of  the  more  highly  organised  plants, 
contain,  besides  cellulose  or  one  of  the  substances  analogous  to  it — such  as  starch, 
dextrin,  inulin,  gum,  sugar,  mannite — other  substances,  such  as  albuminoids, 
fats  earthy  phosphates,  alkalies,  silica,  and  water,  which  are  all  necessary  for  their 
development  and  for  the  exercise  of  their  vital  functions.  Precisely  the  same  condi- 
tions previiil  in  the  egg  of  an  animal  and  in  milk,  which  is  the  first  food  of  the  young 
mammal ;  both  in  the  egg  audio  milk,  as  in  the  case  of  plants,  there  are  albuminoids, 
saccharine  substances,  fat,  and  mineral  constituents.  These  are  the  food  upon  which 
both  animals  and  plants  subsist  during  the  first  period  of  development  or  of 
germination. 

The  following  table  gives  the  composition  of  a  few  plants  when  dried : 


Albumin 

Fat    .         .        . 
Mannite,  dextrin,  cellulose,  etc. 
Earthy      phosphates,      alkaline  ( 
chloridi9s,  silica,  etc.        .         \ 

Morels 

Mush- 
rooms 

Beer 
Yeftst 

TmfflfR 

GaoU. 
flower 

44-0 

66 

368 

13*6 

620 

4-4 

38-4 

6-2 

81-36 

200 

60-25 

7-39 

62-7 

21 

20-4 

6-8 

660 

46 

18-3 

11-2 

Amount  of  water  in  the  fresh  ^ 
state      .        .        .        .         ( 

90-0 

91-0 

1 

9000 

720 

90-7 

The  amount  of  carbon  in  most  parts  of  plants  varies  from  48  to  64  per  cent,  while 
cellulose,  as  already  mentioned,  contains  only  44*4  per  cent.    This  excess  in  the  amount 
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of  ciirbon  in  plants  as  compared  with  cellulose  is  caused  by  the  deposition  of  substancts 
richer  in  carbon  than  cellulose,  such  as  resin,  albumen,  fat,  etc  These  substaooet 
are  not  only  richer  in  carbon  than  cellulose,  but  they  also  contain  proportionally  more 
hydrogen ;  and  therefore  in  plants  there,  is  always  an  excess  of  hydrogen  lelatiTely  to 
oxygen,  the  conditions  in  regard  to  the  amount  of  elementary  constiiuenu  being  the 
same  in  the  entire  plant  as  they  are  in  the  cells. 

The  elementary  substances  which  always  occur  in  all  plants  are  carbon,  hydrogen, 
oxygen,  nitrogen,  sulphur,  potassium,  sodium,  calcium,  magnesium,  iron,  phosphorus, 
silicon,  and  chlorine.  Besides  these,  which  must  be  considered  as  essential  con- 
stituents of  plants,  there  hare  been  found  in  certain  plants  rubidium,  cseaium,  lithium, 
btirium,  aluminum,  manganese,  zinc,  bromine,  iodine,  and  fluorine,  which  may  be 
regarded  as  incidental.  The  former  must  be  supplied  to  the  plant  if  new  vegetable 
substance  is  to  be  formed,  whilst  most  plants  are  able  to  attain  their  full  growth  with- 
out the  presence  of  the  latter ;  therefore,  the  elements  of  the  first-mentioned  group  in 
yarious  states  of  combination  form  the  food  of  plants. 

As  regards  assimilation  of  nourishment  plants  vary.  The  lower  kinds,  as  well  as 
the  most  highly  organised,  during  the  period  of  germination  require,  as  already  men- 
tioned,  ready -formed  organic  material  ror  their  nutrition.  Fungi  obtain  this  ^m  the 
substratum  upon  which  uiey  live ;  the  germinating  embryo  of  the  seed  and  the  sprouting 
buds  of  the  tree,  however,  obtain  this  organic  material  from  a  store  laid  up  during  the 
previous  period  of  vegetation  in  the  tissues  surrounding  or  accompanying  the  embiyo 
or  the  bud. 

But  it  is  quite  another  thing  in  the  plants  provided  with  green  organs  or  in 
the  young  shoot  as  soon  as  it  has  developea  green  leaves.  When  this  is  the  case,  the 
most  simple  compounds  of  the  requisite  elementaiy  substances  serve  as  food,  as  in 
the  case  of  every  plant  provided  with  foliage.  These  food  elements  consist  of  car- 
bonic dioxide,  water,  nitric  acid,  ammonia,  sulphuric  acid,  phosphoric  acid,  potash, 
sodium  chloride,  lime,  magnesia,  oxides  of  iron,  and  silica. 

On  examining  the  cells  of  the  leaves  of  the  higher  organised  plants  there  are  found, 
dosd  under  the  epidermis,  numerous  cells,  in  the  protoplasm  of  which  is  a  granular 
green  subhtance  called  chlorophyll,  to  which  the  leaves  owe  their  colour. 

This  substance  possesses  the  property,  by  the  aid  of  light  and  warmth,  and  when 
the  other  materials  of  plant  food  are  present,  of  decomposing  carbonic  acid  and  water, 
with  disengagement  of  oxygen,  and  converting  these  inorganic  substances  into  organic 
material. 

Green  plants  produce  organic  substances  out  of  inorganic  substances,  while  plants 
tliat  do  not  contain  chlorophyll  use  organic  material  to  build  up  their  structure. 
There  is,  however,  a  further  difference :  plants  that  do  not  contain  chlorophyll  not 
only  use  organic  substance  for  the  building  up  of  their  own  body,  but  they  also  de- 
compose a  part  of  that  substance  and  convert  it  into  carbonic  dioxide,  while  green 
plants  decompose  carbonic  dioxide  and  produce  organic  substances.  The  greater  part 
of  the  dry  substance  of  plants  consists  of  carbon,  and  therefore  above  all  other  forms 
of  food  carbonic  dioxide  must  be  supplied  to  plants  in  the  largest  quantity.  The 
atmosphere  affords  a  constant  supply  of  this  gas,  and  from  that  source  plants  obtain 
all  that  they  require  of  this  material.  The  relative  amount  of  carbonic  acid  in  the 
atmosphere  as  compared  with  its  other  constituents  is  certainly  small,  but  the  absolute 
quantity  is  so  considerable  that  it  would  suffice  for  sustaining  vegetation  many  years 
if  the  whole  surface  of  the  earth,  not  only  our  gardens  and  fields  but  also  all  sterile 
places,  and  the  entire  surface  of  the  sea,  were  covered  with  the  most  luxurious  vegeta- 
tion. 

Those  plants  or  parts  of  plants  which  serve  as  food  for  man  and  animals  are,  fbr 
the  most  part,  burnt  in  the  animal  system,  and  their  carbon  again  converted  into 
carbonic  dioxide ;  whatever  portion  does  not  undergo  this  change  passes  after  some 
time  into  decay.  When  either  plants  or  animals  die  the  same  kind  of  deoompoeitioa 
takes  place,  and  all  the  carbon  of  the  organic  substance  is  converted  into  carbonic 
dioxide.  Vegetable  materials,  either  of  modem  growth  or  those  belonging  to  a  former 
age,  when  burnt  as  fuel  also  give  back  their  carbon  as  carbonic  dioxide  to  the  atmo- 
sphere. 

Thus  plant  life  and  animal  life  maintain  a  constant  balance.  Animals  require  for 
their  existence  oxygen,  and  they  discharge  carbonic  dioxide  into  the  air.  Plants 
abstract  carbonic  dioxide  from  the  atmosphere,  and  maintain  the  latter  in  a  state 
rospirable  by  animals  by  returning  to  it  oxygen. 

All  the  green  parts  of  plants  possess  the  power  of  assimilating  carbonic  dioxide. 
Plants  which  live  immersed  in  water  behave  just  in  the  same  manner  as  those  that 
grow  on  land.  They  derive  their  carbon  from  carbonic  dioxide,  which  the  water 
animals  expire,  and  they  thus  render  the  water  habitable  by  animals. 

Hydrogen  and  water  are  abundantly  furnished  to  plants  by  rain  and  tlie  water 
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Tapoar  pneent  in  the  atmoBphere.  Nitrogen,  although  it  exists  abundantly  in  the 
free  state  in  the  atmosphere,  is  not  thus  assimilated  by  plants.  Besides  free  nitrogen, 
however,  atmospheric  air  contains  two  compounds  of  nitrogen,  viz.  ammonia  and 
nitric  acid.  From  both  these  substances  plants  obtain  the  nitrogen  from  which  they 
produce  albuminoids  and  their  other  nitrogenous  constituents.  Kain  and  dew  collect 
the  ammonia  and  nitric  acid  contained  in  the  air  and  carry  them  into  the  soil,  from 
whence  the  roots  of  plants  absorb  them.  The  remains  of  human  and  nnimal  food  are 
supplied  to  the  earth  as  manure,  and  all  dead  bodies  of  animals  are  returned  to  it. 
By  the  process  of  decomposition  and  decay  nitrogenous  organic  compounds  are  trans- 
formed into  ammonia  and  nitric  acid,  just  in  the  same  way  as  carbon  is  converted  into 
carbonic  dioidde.  By  thus  returning  to  the  soil  all  materials  capable  of  decomposition, 
the  soil  is  supplied  with  substances  which  serve  again  for  a  new  generation  of  vege- 
table life.  Thus,  destruction  and  reproduction  go  hand-in-hand.  Material  eiistence 
is  in  a  constantly  uninterrupted  cycle  of  change  from  life  to  death  and  from  death 
back  again  to  life. 

In  consequence  of  the  source  from  which  carbonic  dioidde,  water,  ammonia,  and 
nitric  acid  are  chiefly  derived,  these  substances  are  termed  the  atmospheric  food 
materials  of  plants. 

All  other  essential  ingredients  of  plant  food  are  derived  from  the  soil.  That  soil 
only  can  be  fertile  in  which  all  the  nutritive  substances  are  contained ;  its  productive 
cai»city  is  determined  by  the  amount  and  state  of  combination  of  the  food  materials 
It  contains  It  is  not  sufficient  that  the  elements  above-mentioned  are  present  in  the 
soil,  but  they  must  also  be  present  in  such  a  condition  that  plants  can  easily  absorb 
them.  The  substances  present  in  rocks  acquire  that  condition  by  the  process  of 
weathering  under  the  dismtegrating  influences  of  the  atmosphere  and  water,  which  not 
only  break  up  their  state  of  aggregation,  but  also  alter  their  chemical  composition,  so 
that  their  constituents  can  be  absorbed  by  the  roots  of  plants.  As  a  consequence  of 
this  weathering  some  of  the  constituents  of  the  soil  are  rendered  soluble  in  water,  or 
in  water  containing  carbonic  acid,  while  others  remain  insoluble. 

All  the  materials  of  plant  food  are  equally  important,  although  it  is  true  that  in 
all  kinds  of  plants  the  quantity  of  constituents  derived  from  the  soil  is  less,  and  fre- 
quently much  less,  than  the  other  part  of  them ;  still  it  is  not  possible  for  any  plant, 
or  even  the  smallest  organ  of  a  plant,  to  be  formed  when  they  are  wanting ;  even  when 
a  single  constituent  fails  the  remainder  are  worthless.  Therefore  vegetation  is  only 
possible  when  all  are  present  together,  and  the  productive  capacity  of  land  is  deter- 
mined by  that  food  material  which  it  contains  in  the  least  quantity.  It  is  thus  clear 
that,  in  virtue  of  the  weathering  process  continuing  from  year  to  year,  the  fertility  of 
land  could  be  maintained  by  returning  to  it  all  the  constituents  of  the  plants  grown 
upon  it.  This,  however,  does  not  generally  happen.  -  Each  year  a  great  quantity  of 
plant  material  is  produced  in  the  form  of  com,  milk,  meat,  etc.,  which  is  consumed  in 
urge  towns;  and,  instead  of  being  returned  to  the  land  again,  the  products  contaminate 
the  soil  and  the  atmosphere  of  the  towns,  as  well  as  the  rivers  into  which  the  drainage 
of  the  towns  is  discharged.  Not  only  in  this  respect  do  iigurious  results  follow,  but 
the  continual  drain  upon  the  land  where  those  materials  were  grown  causes  it  to 
become  poorer  in  the  food  materials  which  are  necessary  for  the  growth  of  plants. 
This  impoverishment  of  the  soil  can  be  prevented  either  by  retnming  to  the  land  the 
refuse  of  towns,  or  by  giving  back  to  it  in  another  form  the  food  materials  of  plants. 

The  proximate  organic  constituents  of  plants,  in  the  free  state  or  chemically  com- 
bined, generally  occur  in  various  amounts  in  the  individual  organs,  while  some  are 
firand  especially  in  particular  tissues.  Thus  the  albuminoids,  together  with  some 
other  nitrogenous  and  mineral  subHtances.  preponderate  in  the  young  growing  organs ; 
cellulose  prep^jnderates  in  the  cell  membranes,  which  are  more  delicate  the  younger 
the  tissues  and  the  greater  the  vegetative  activity  in  them. 

Sugar  exists  as  an  aqueous  solution  in  the  parenchyma  of  the  cells,  deposited 
round  the  fibro-vascular  bundles,  as  in  the  sugar  cane  or  sugar  beet. 

Starch  is  found  in  similar  tissues,  as  in  the  potato. 

lignin  penetrates  and  thickens  especially  the  cell  membranes  of  woody  tissue,  which 
in  the  early  state  consist  of  pure  cellulose. 

Various  ethereal  oils,  resins,  and  balsams  are  secreted  in  the  glands,  reservoirs, 
and  ducts  of  the  plant. 

In  the  ice  plant  {Mesembryanthemum  crystaUinum)  oxalates  of  sodium  and  potas- 
sium in  alkaline  solution  flU  numerous  glands  of  the  leaves  and  branches. 

One  or  two  rows  of  cells  situated  immediately  below  the  epidermis  of  the  seeds  of 
the  Graminea  are  flUed  with  drops  of  oil  or  albumin.  The  cotyledon  of  the  same 
seed  exhibits  a  large  number  of  cells,  the  contents  of  which  consist  of  oil  and 
albumin. 

The  cotyledons  of  the  seeds  of  the  so-called  oil  fruits  are  especially  rich  in  cells 
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containing  oil  and  albnmin.  Seeds  generally  are  rich  in  albnniinoidB,  and  these  are 
alwajs  accompanied  by  fat,  or  starch,  and  the  mineoil  food  of  the  plants. 

Those  branches  of  industry  embracing  the  mannfacture  of  organic  substances  aim 
generally  at  the  extrAction  of  the  constituents  of  plants  and  animals  (textile  fibres, 
stardi,  sugar,  fats  and  oils,  alkaloids,  organic  acids  and  dye  stn£b,  albnmin,  gelatin, 
etc),  or  at  the  conversion  of  vegetable  and  animal  substances  into  other  parodncts 
(dextrin,  grape  sugar,  bread,  wine,  beer,  alcohol,  and  vinegar,  soap,  leather,  etc). 

Between  the  various  groups  of  organic  substemces  certain  broad  distinctions  and 
relations  exist,  and  thus  a  sort  of  classification  is  possible. 

First  in  order,  from  their  simplicity  of  composition,  come  the  essential  oils ;  these 
consist  for  the  most  part  of  liquid  hydrocarbons  having  the  same  composition  as 
turpentine  C,oH,«,  but  including  several  allotropic  modifications.  Other  oils  are  com- 
posed in  part  of  a  mixture  of  these  or  one  of  them,  with  polymeric  modifications  of  the 
composition  CisH^,  while  a  few  contain  also  O^^H,,.  Most  essential  oils  also  contain 
oxidised  substances,  which  generally  partake  of  the  nature  of  camphors  Ci«H,gO,  and 
associated  with  these  are  still  more  highly  oxidised  bodies,  as  gums  and  ivsius. 
The  fixed  oils  and  fats  come  next  in  order  of  simplicity  of  composition  ;  they  genera  Uy 
contain  oleic  acid  CigHg^O,  and  allied  compounds,  while  the  fatty  acids  C||H|b*0, 
sometimes  occur  in  Uie  free  state.  More  often,  however,  the  fatty  acids  are  in  com- 
bination as  glycerides  or  ordinary  fats,  such  as  stearin  C,Hg(C|gH„0,),. 

The  different  kinds  of  sugar  and  starch  are  also  made  up  of  carbon,  hydrogen,  and 
oxygen,  the  two  latter  elements  being  present  in  the  same  proportions  as  in  water ; 
hence  these  substances  are  termed  carbon-hydrates.  Thus,  cane-sugar  is  CgH|,0^ 
and  potato  starch  is  CgHigO,.     Cellulose  and  such  substances  are  allied  to  starch. 

The  organic  acids  constitute  another  group  of  substances,  presenting  no  features 
of  composition  in  common,  beyond  their  nature  as  acids,  as  in  the  case  of  tartaric 
acid  C^HfOg;  malic  acid  C^HfO,;  citric  acid  Cfifi,;  meconic  acid  C^H^O,;  gallic 
acid  C;HcO^,  etc.  Allied  to  gallic  acid  is  tannic  acid,  and  this  latter  substance  is 
closely  related  to  tannin,  which  in  its  natural  state  is  said  to  be  a  glucoside.  Glncosides 
are  met  with  widely  in  organic  nature,  and  may  be  split  up  into  glucose  and  acids  or 
otl\er  substances,  just  as  fats  split  up  into  glycerine  and  acids. 

The  colouring  matters  or  dye  stuffs  are  partlv  oxidised  compounds,  such  as  alizarin 
0|JScO, ;  while  yet  others  are  also  nitrogenous  m  nature,  as  indigo  blue  (CgH^NO). 

Again,  the  alkaloids  are  nitrogenous  compounds,  as  for  instance  quinine  Cji^Vfi^ 
and  morphine  Gi^Hi^l^Os. 

More  complex  in  constitution  are  the  substances  allied  to  albumin,  which  occur  in 
both  plants  and  animals.  All  of  them  contain  nitrogen  and  a  few  contain  sulphur, 
but  they  possess  in  common  a  distinct  relationship  to  one  original  form  which  has  a 
formula  C„H„jN,gSOa. 

Another  group  of  organic  substances  occurring  less  widely  than  the  albuminous 
principles,  but  possessed  of  equal  complexity  of  constitution,  contain  another  element, 
viz.  phosphorus,  but  no  sulphur.  These  substances  occur  in  the  nervous  tissues  of 
animals,  and  resemble  in  general  structure  the  fats,  but  differ  in  being  nitrogenous 
and  phosphorised.  An  instance  of  this  kind  is  presented  by  lecithine  O^^HmNPO^ 
which  occurs  in  the  yelk  of  eggs  and  in  the  brain.  Such  substances  as  those  just 
described  are  found  in  combination  with  salts,  a  feature  due  to  their  partly  alkaloidal 
nature. 


CELLULOSE. 


vnbataDca  of  vMdi  the  solid  &HmewoTk  of  plnntB  coDBists  hu  roceived  t]iU 
mn  iu  ari^D  in  Uie  form  of  cells.  The  phjaical  propertied  of  oelluloBe  tiuj 
ig  to  the  intsniiil  Kmngement  of  the  pnrticles.  In  Iceland  moia  they  ftrs  bo 
t^iregnted,  And  moreover  tljeir  coheeire  power  is  so  wiwkened  by  the  deposi- 
innliii  between  them,  cbat  upon  Bunpl;  boiling  the  mosa  with  «Blcr  tbe  celb 
I  and  dinntagrate.  forming  a.  liquid  irhich  geintinigea  on  cooling.  The  celln- 
this  getatinoiis  mius  is  coloured  hlne  by  iodine,  n  reaction  which  ie  also 
■1  by  a  few  other  tlchens,  by  the  tiagaea  of  n,  namber  of  fongi,  und  by  the  very 
flmbninea  of  Uie  leaf  ceils  of  aeTernl  Anrnnti^Lce^ 

I  colorstioQ  by  iodine  hu  given  rise  io  thp  assumption  that,  ia  such  CBses,  the 
M  ii  difTerent  fhim  ordinary  cctluloeo,  ntid  iC  hns  been  called  licheiMn,  and 
rtutbar  SMumed  that  this  aubetanco  wvs  converted  into  a  gum-lihc  substance 
Dg  it  with  water.  The  liquid  contains,  however,  no  ^|:uni,  since  it  does  not 
ndc  add  when  treated  with  nitric  acid,  Tfaere  is  indeeil  no  BuSicirnC  reason 
ming  thatthe  substance  called  licbenin  is  gpecifically  distinct  from  ceUulose, 
han  one  of  the  numerous  modificatians  of  cellulose,  all  of  which  diSbc  merely 
naogement  of  tbe  cellulose  moleenles. 

■nhatancB  of  the  cells  in  other  plants  baa  a  very  difierent  character.  The 
lell  of  the  cocoannt,  and  the  fruit  of  Phyidephat  macrocarpa  (vegetable  ivory), 
ills  with  tUck  wallB  of  an  almost  stony  consistency.  To  this  propeny  vege- 
wy  owes  its  name,  and  its  application  to  nrticlea  of  turned  and  carved  work. 
<  wttodj  flbre  of  trees,  as  above  mentioned,  consiMs  in  part  only  of  celluloea, 
ccoding  to  the  age  of  the  cells,  ia  more  or  lesa  incraxted  with  other  sobstances, 
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It  is,  therefore,  isomeric  with  thoee  subfltances.  Its  oomposition  is  always  the  same 
from  whatever  plant,  or  part  of  a  plant,  it  is  obtained,  and  it  is  represented  hy  the 
formula  C|^2«^|g. 

Cliaraeteni. — Cellulose  when  pure  is  a  white  translucent  substance,  insoluble  in 
water,  alcohol,  ether,  fats,  or  ethereal  oils.    Its  specific  giayity  is  about  1*6. 

Dilute  aqueous  solutions  of  caustic  alkalies  and  dilute  acids  do  not  affect  moder- 
ately compact  cellulose  even  by  protracted  boiling.  Concentrated  sulphuric  or  phos- 
phoric acid  decomposes  cellulose  even  in  the  cold,  converting  it  first  into  a  substance 
resembling  starch,  then  into  dextrin,  and  finally  into  grape  sugar.  Very  strong  nitrie 
acid  converts  cellulose  into  pyroxylin,  or  guo  cotton.     (See  p.  227^ 

Strong  oxidising  agents,  such  as  chlorine  and  the  hypochlorites,  eflect  the  ozidatioD 
of  cellulose  even  in  the  presence  of  water.  When  paper  pulp,  or  filter  paper  torn  to 
shreds,  is  digested  with  a  saturated  aqueous  solution  of  bleaching  powdor,  and  the 
mixture  slightly  heated,  a  very  violent  reaction  takes  place,  which  continues  even  after 
the  source  of  heat  has  been  removed.  The  cellulose  is  disintegrated  and  oxidised, 
carbonic  acid  being  copiously  evolved.  The  destruction  of  linen  and  other  organic 
tissues  in  bleaching,  by  the  inconsiderate  use  of  bleaching  powder,  is  due  to  this  canse. 

Pure  cellulose  is  not  altered  by  exposure  to  atmospheric  air,  but,  as  it  occurs  in 
wood  and  the  ligneous  tissues  of  plants  associated  with  albuminous  and  resinous 
substances,  it  undergoes  gradual  alteration,  and  is  converted,  probably  by  oxidation, 
into  a  friable  substance  of  a  yellow  or  brown  colour  called  touchwood. 

Cellulose  shows  a  characteristic  behaviour  when  treated  with  iodine  and  sulphuric 
add.  If  cotton,  paper,  or  any  vegetable  tissue  consisting  of  pure  cellulose  be 
moistened  with  an  aqueous  solution  of  iodine,  and  a  drop  of  concentrated  sulphuric 
acid  be  then  added,  a  blue  coloration  is  instantly  produced.  This  reaction  is  also 
characteristic  of  starch,  therefore  it  may  be  assumed  that,  in  the  case  of  cellulose,  the 
reaction  is  due  to  the  conversion  of  cellulose  into  a  substance  allied  to  starch  by  the 
action  of  the  sulphuric  acid.  However,  some  other  substances  beside  starch  show  the 
same  reaction  when  treated  with  iodine  and  sulphuric  add. 

The  f&cility  with  which  cellulose  may  be  prepared  in  a  state  of  purity  depends 
upon  the  raw  material  operated  upon.  The  easiest  method  of  obtaining  pnre  cellulose 
is  to  separate  it  from  white  cotton,  unsized  white  paper,  or  old  linen.  For  this  pur- 
pose the  material  is  boiled  for  an  hour  with  a  dilute  aqueous  solution  of  potam  or 
soda  (containing  about  5  per  cent,  of  alkali),  it  is  then  washed  with  water,  and  boiled 
with  an  equally  dilute  solution  of  sulphuric  acid,  again  washed  with  water,  and  finally 
washed  with  alcohol  and  ether.  The  cellulose  obtained  by  this  means  is  contaminated 
only  with  traces  of  silica. 

It  is  f^r  more  difficult  to  obtain  pure  cellulose  from  wood,  or  the  woody  tissues  of 
plants.  It  is  necessary  to  boil  the  wood  first  with  a  solution  of  bleaching  powder, 
then  to  wash  it  with  water,  boil  it  with  a  strong  solution  of  potash,  and  evaporate  the 
liquid  to  dryness ;  the  undissolved  portion  is  again  treated  with  bleaching  powder, 
these  operations  being  repeated  successively  until  the  substances  incrusting  the  wood, 
such  as  lignin,  nitrogenous  matters,  colouring  matters,  fi&ts,  etc.,  have  been  remoyed. 
This  method,  however,  causes  considerable  Iosib  of  material,  owing  to  the  action  of 
chlorine  and  potash  upon  the  cellulose. 

According  to  Fr.  Schultse  very  pure  cellulose  may  be  obtained  as  follows.  The 
raw  material  is  digested  in  the  cold  for  a  length  of  time,  varying  from  a  fortnight  to 
three  weeks,  with  a  mixture  of  8-lOths  of  its  weight  of  potassium  chlorate,  and  12 
parts  of  nitric  add  of  specific  gravity  1*100.  The  mixture,  m  order  to  avoid  explosion, 
should  not  be  heated.  A  bleached  mass  is  thus  obtained,  which  is  washed  fint  with 
cold  water,  and  then  continuously  with  boiling  water,  afterwards  digested  with  dilute 
ammonia,  again  washed  with  water,  and  finally  washed  with  alcohol  and  ether. 
Though  the  cellulose  remains  intact  by  this  process,  it  is  not  always  possible  to  de- 
compose all  the  lignin. 

Cellulose  may  be  also  obtained  from  the  solid  excrements  of  animals,  espedally 
the  ruminants.  The  individual  tissues  are  in  this  case  destroyed  by  mastication,  and 
a  number  of  foreign  substances  are  extracted  by  the  process  of  digestion.  The  finer 
and  more  loosely  aggregated  particles  of  cellulose  are  dissolved  by  the  digesting 
process,  and  absorb^  by  the  body  of  the  animal,  while  the  more  solid  portions,  the 
layers  of  epidermis,  the  vascular  bundles,  and  the  woody  tissue,  pan  into  the 
excrements. 

Cellulose  is  dissolved  by  an  ammoniacal  solution  of  oxide  of  copper.  A  solution 
of  this  kind  may  be  prepared  in  different  ways.  Peligot  prepares  it  by  oxidisinff 
copper  turnings  in  contact  with  ammonia ;  a  glass  tube  open  at  both  ends  is  filled 
witli  copper  turnings  that  have  been  oxidised  on  the  surfSftce  by  heating  to  redness  and 
then  ^uced  in  a  stream  of  hydrogen,  and  a  very  strong  solution  of  ammonia  gradually 
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dropped  upon  the  copper  tnmiiiffs.    The  blue  solution  thus  formed  is  passed  once  or 
twice  more  oyer  the  copper  turmngs  so  as  to  complete  its  saturation. 

Oellnlose,  as  it  is  contained  in  unsized  paper,  swells  up  and  very  soon  dissolres. 
A  solution  of  ammonium  cuprate,  containing  from  3  to  4  per  cent,  of  cellulose  dissolved 
in  it,  has  a  viscous  consistency.  In  order  to  separate  undissolved  substance,  and  ob' 
tain  a  clear  solution  of  cellulose  in  ammonium  cuprate,  an  asbestos  filter  must  be 
employed  for  filtering  it 

By  the  addition  of  dilute  hydrochloric  acid  to  the  clear  solution  of  cellulose  in 
ammonium  cuprate,  the  cellaloee  is  precipitated  in  a  pure  state. 

Cellulose  tnus  prepared,  when  examined  under  the  microscope,  exhibits  granular 
flakes  of  an  indefinite  form.  In  spite  of  the  extraordinarily  fine  state  of  division  of 
cellulose  thus  prepared,  it  is  not  converted  into  the  starch-like  modification;  it  is 
chemically  unaltered,  and  is  not  coloured  blue  by  iodine  until  first  acted  upon  by  sul- 
phuric acid. 

If  cellulose  held  in  solution  by  ammonium  cuprate  is  in  a  state  of  chemical  com- 
bination, the  combination  is  certainly  of  a  very  unstable  nature,  for  a  solution  of  this 
kind  merely  requires  diluting  with  water  to  cause  the  separation  of  cellulose.  Or 
fbrther,  if  to  a  moderately  diluted  solution  hydrochloric  acid  be  added,  drop  by  drop, 
so  as  to  partly  neutralise  the  great  excess  of  ammonia,  cellulose  is  likewise  pre- 
cipitated. When  thus  precipitated  cellulose,  according  to  Fayen's  researches,  is  not 
pure,  but  always  contains  copper. 

When  vegetable  tissues  are  treated  with  a  solution  of  ammonium  cuprate  the 
parenchyma  cells  and  the  cell  nuclei  easily  dissolve,  while  the  epidermis,  the 
cutide,  and  the  woody  fibres,  are  not  affected,  on  account  of  the  presence  of  incrusting 
substances. 

Different  substances  behave  differently  when  treated  with  a  solution  of  ammonium 
cuprate,  which  may  be  seen  from  the  following  ritujnS : 

The  pure  cellulose  of  textile  fibres  dissolves,  and  is  precipitated  upon  saturating 
the  solution  with  acids. 

Mucilage^  a  body  isomeric  with  cellulose,  behaves  like  cellulose. 

Gluten  dissolves  completely. 

Fibrin  swells  up,  dissolves  completely  af^er  standing  36  hours ;  upon  saturating  the 
solution  with  an  acid  03  per  cent,  of  the  fibrin  is  precipitated,  a  part  being  decomposed. 

MbufMn — coagulated  white  of  egg — swells  up,  dissolves  completely  in  3  days ;  upon 
saturating *with  acid  only  53  per  cent,  is  precipitated. 

Gelatin,  softened  in  water,  is  dissolved  in  a  few  seconds,  and  no  precipitate  is 
fbrmed  on  addition  of  acid  to  the  solution. 

Wool  swells  up,  disintegrates,  is  mostly  dissolved  after  a  space  of  6  days ;  upon 
saturating  the  solution  wi^  an  acid  only  16  per  cent,  separates  out. 

Hair  behaves  like  wool. 

Horse  hair  dissolves  to  the  extent  of  04  per  cent,  of  which  38  per  cent  is  pre- 
cipitated upon  saturating  the  solution  with  an  acid. 

Horn  dissolves  completely,  16  per  cent  being  precipitable  by  acids. 

According  to  Schlossberger  cotton,  dissolved  in  ammonium  cuprate  and  treated 
with  a  concentrated  solution  of  common  salt,  becomes,  after  a  time,  insoluble,  and 
after  washing  and  drying  is  coloured  blue  by  iodine.  Not  only  do  acids  effect  the 
precipitation  of  cotton  dissolved  in  ammonium  cuprate,  but  gum,  dextrin,  grape  sugar, 
etc.,  also  precipitate  cotton  from  such  solutions. 

Amorphous  cellulose  is  more  easily  converted  into  dextrin  and  sugar  than  the  nn 
altered  cellulose  of  cotton. 

This  different  deportment  of  cellulose  under  different  conditions  serves  to  show 
what  entirely  different  properties  the  same  substai\ce  may  assume,  according  to  its 
organised  structure  and  the  state  of  molecular  aggregation.  • 

Cellulose  can  also  be  distinguished  by  chemi^  means  from  other  constituents  of 
textile  fibres.  A  solution  of  nickel  oxide  in  ammonia  dissolves  silk  but  not  cellulose ; 
therefore,  in  mixed  tissues,  cotton,  linen,  and  hemp  remain  unaltered  by  this  reagent 

Uses. — ^The  cellulose  of  cells  with  delicate  walls,  since  it  is  digested  by  animals, 
must  be  considered  as  an  article  of  nourishment  playing  the  same  part  as  starch  in  the 
animal  economy ;  but  it  is  not  known  what  secretion  of  the  animal  sygtem  effects 
the  digestion  of  cellulose. 

CeUuloee  in  the  form  of  long-extended  cells  forms  the  chief  constituent  of  the 
textile  fibres  known  as  flax,  hemp,  cotton,  and  the  fibres  of  Agave  americana, 
Phormium  tenax,  banana,  Bohemeria  utilis,  Uriica  nivea,  etc.,  which  are  used  in  the 
manufiicture  of  string,  ropes,  textile  fobrics,  paper,  pasteboard,  etc. 

Another  application  of  cellulose  is  in  the  preparation  of  oxalic  acid.  For  making 
this  acid  sawdust  is  evaporated  with  a  very  strong  solution  of  potash,  and  the  re- 
ndne  then  strongly  heated.    The  mass  contains  potassium  oxalate. 
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AnncAi.  Chllulosb  (Tunicik). — While  the  epidennis  of  all  the  higher  organised 
animftls,  as  well  as  all  their  tissues,  consists  of  yery  nitrogenous  material,  the  epi- 
dermis of  low  organised  animals  is  proportionately  poor  in  nitrogen,  and  a  non- 
nitrogenous  substance  having  the  composition  of  cellulose  can  be  separated  from  it. 
This  substance  was  discovered  by  C.  Schmidt,  whose  observations  were  confirmed  by 
Loewig  and  KoUicker.  The  brown  mantle  of  the  7}micaia,  the  covering  of  PhaUutia 
manilUiriSt  the  cartilaginous  covering  of  the  AsciditB^  the  mantle  of  Cynthia,  all  yield, 
when  treated  in  succession  with  hot  water,  i^kalies,  acids,  alcohol,  and  ether,  a  white 
substance  which  retains  the  shape  of  the  material  employed.  This  substance  is  animal 
cellulose,  or  tunicin.  Although  its  composition  is  the  same  as  that  of  cellulose  obtained 
from  plants,  and  although  both  have  many  properties  in  common,  it  is  still  questioaable 
whether  they  are  identical,  and  tunicin  certainly  possesses  properties  which  distingotah 
it  from  vegetable  cellulose.  According  to  Berthelot  it  is  coloured  yellow  by  iodine, 
and  it  is  difficultly  soluble  in  ammonium  cuprate;  again,  vegetable  cellulose  is  carbon- 
ised by  boron  fluoride,  while  tunicin  is  not  attacked  by  that  reagent. 

Animal  fibres  are  distinguishable  from  vegetable  fibres  by  their  more  complex 
chemical  composition.  Thus,  wool  is  an  albuminous  substance,  and  contains  a  laige 
amount  of  nitrogen  and  some  sulphur ;  silk  contains  no  sulphur.  Animal  fibres  dis- 
solve easily  when  boiled  in  a  solution  containing  from  5  to  10  per  cent,  of  pota^ 
while  the  more  compact  cellulose  of  the  vegetable  fibres  is  unaltered.  In  order  there- 
fore to  determine  whether  a  fabric  consists  of  wool  or  silk  alone,  or  mixed  with  cotton, 
fiax,  or  hemp,  it  is  only  necessary  to  boil  a  small  piece  for  a  short  time  in  a  weak 
solution  of  potash.  If  the  fabric  consists  of  pure  silk  or  wool  it  is  completely  dissolved ; 
if  it  contains  other  fibres  they  remain  undissolved.  In  order  to  determine  the  pro- 
portion between  those  fibres  it  is  best  to  cut  out  from  the  fabric  a  piece  of  a  dei&ite 
size,  and  to  count  the  individual  fibres.  The  piece  is  then  boiled  with  the  solution  of 
potash,  and  when  the  animal  fibres  are  dissolved  it  is  washed  and  dried,  and  the  fibres 
left  intact  are  counted.  The  difference  between  the  number  of  fibres  before  and  after 
boiling  gives  the  amount  of  wool  and  silk  fibres,  the  remainder  the  number  of  the 
vegetable  fibres.  In  undyed  materials  the  percentage  by  weight  of  both  kinds  of  fibres 
may  be  determined  by  drying  and  weighing  the  piece  of  fabric  in  question  in  a  closed 
vessel  before  boiling  with  potash,  and  again  weighing  it  after  washing  and  drying. 

Wool  and  silk,  when  occurring  together,  may  be  distinguished  by  treating  the 
fabric  containing  them  with  a  solution  of  potassium  plumbate,  prepared  by  disscdving 
10  parts  of  potash  in  100  parts  of  wat^r  and  boiling  it  with  15  parts  of  litharge ;  the 
piece  of  fabric  is  plunged  into  the  cold  solution  of  potassic  plumbate.  All  substances 
containing  sulphur,  such  as  wool,  horn,  hair,  skin,  nails,  muscles,  albumin,  etc,  assume 
a  brown  colour,  while  substances  that  do  not  contain  sulphur,  such  as  silk,  bones,  glue, 
chitin — a  substance  contained  in  the  wing-cases  of  beetles  and  in  the  carapace  of  crabs 
— ivory,  gelatin,  etc.,  are  not  coloured  by  this  reagent. 

For  detecting  cotton,  wool,  and  silk,  in  mixed  tissues,  they  are  boiled  with  concen- 
trated hydrochloric  acid.  Cotton  is  completely  destroyed,  being  partly  dissolved  and 
partly  rendered  so  brittle  that  it  can  be  separated  as  dust  from  the  remaining  mass 
after  washing  and  drying.  This  residue  is  then  placed  in  cold  strong  nitric  acid,  which 
dissolves  the  silk  in  a  few  minutes,  while  the  wool  remains  comparatively  unaltered. 

The  fibres  of  New  Zealand  flax  {Phormium  teTiaa)  and  of  jute  {Canckoms  eaptm- 
lansY  when  occurring  in  the  same  fiEkbric  together  with  hemp  and  flax,  may  be  recog- 
nised by  the  curious  behaviour  of  the  nitrogenous  constituents  of  the  former.  The 
piece  of  &bric  to  be  examined  is  plunged  for  a  moment  into  red  fuming  nitric  acid,  of 
a  specific  gravity  of  36°  B. ;  New  Zealand  fiax  (provided  it  was  not  before  completely 
bleached)  is  at  once  reddened.  The  following  reaction  is  still  more  characteristic. 
Pieces  of  the  yams  or  fabrics  to  be  tested  are  dipped  in  a  saturated  solution  of  chlorine. 
In  the  case  of  fabrics,  warp  and  woof  ought  to  be  isolated  by  drawing  out  a  few  fibres 
from  the  edges  of  the  piece  in  order  to  liberate  the  two  crossing  threads.  After  the 
pieces  have  remained  a  minute  in  the  chlorine  water  they  are  taken  out,  placed  upon 
a  flat  plate,  and  covered  with  ammonia,  which  produces  characteristic  colorationSL 
The  fibres  of  jute  and  Phormium  tenax  assume  a  red  colour  which  rapidly  darinns, 
and  in  about  a  minute  passes  into  brown ;  cotton  and  linen  assume,  according  as  the 
fiax  has  been  more  or  less  steeped,  a  yellow,  orange,  or  brownish  hue,  irhich  cannot 
be  mistaken  for  the  coloration  assumed  by  the  New  Zealand  flax.  Of  coarse  these 
reactions  can  only  take  place  when  the  fibres  have  not  been  previously  fully  Ueacfaed. 
for  the  pure  cellulose  of  these  fibres  does  not  behave  in  this  way  either  wriUi  chlorine 
and  ammonia  or  with  nitric  acid ;  the  reaction  is  entirely  due  to  the  foreign  substances 
present  in  the  fibres. 

The  fibres  of  plants  as  already  stated  are  connected  together  with  peotatss  and 
albuminoids,  and  always  contain  some  remains  of  protoplasm.  To  destzoy  these  and 
to  set  the  fibres  free  ia  t\ke  object  of  steeping  or  retting.    This  operation  is 
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attended  with  Tarious  evils,  snch  as  the  contamination  of  streams  and  the  destruction 
of  fish,  the  charging  of  the  air  with  disgusting  smells,  etc.  A  new  method  discovered 
in  America  by  Schenk  obviates  all  these  nnisances,  and  seems  likely  with  a  few  im- 
provements to  give  a  new  direction  to  the  preparation  of  flax  and  hemp. 

The  flax  is  grown  upon  a  dry — if  necessary,  drained — and  manured  soil,  and  is 
with  advantage  drilled  in  rows.  The  crop  must  not  be  got  in  too  late,  the  seeds  must 
still  be  soft,  uie  stalks  yellow  below,  but  from  the  middle  upwards  still  green.  After 
plucking,  the  plants  are  laid  in  rows  in  an  inclined  position  against  one  another,  m 
order  to  ripen.  The  seed  perfects  itself  at  the  expense  of  the  sap  still  contained  in 
the  plant,  the  flbre  obtains  great  firmness,  and  a  slow  drying  of  the  plant  takes  place 
from  below  upwards.    Passing  showers  do  the  plant  no  harm. 

The  fiax  bound  in  bundles  is  then  carried  to  the  dressing-house,  where  it  is  stored 
up  in  barns  or  sheds  for  further  treatment. 

There  the  first  operation  is  the  collection  of  the  seeds.  For  this  purpose  the  stems 
are  grasped  in  the  hand,  and  placed,  with  the  lower  end  foremost,  between  a  pair  of 
revolving  rollers.  In  passing  through  these  rollers  the  fragile  seed  capsules  are 
crushed  and  the  seed  falls  into  a  chaff  machine,  where  it  is  freed  from  the  remains  of 
the  capsules.  The  rollers  employed  are  of  cast  iron  and  hollow,  having  each  a  dia- 
meter of  6  to  8  inches  ;  they  are  set  one  above  the  other,  and  the  lower  one  alone  re- 
ceives a  rotatory  motion,  while  the  upper  one  acts  by  its  weight  alone. 

After  separation  of  the  seeds,  the  next  thing  is  to  separate  the  stems  from  the 
roots.  For  this  purpose  the  bundles,  just  as  they  come  from  the  rollers,  are  beaten 
between  the  hands  upon  a  table,  so  as  to  ^et  them  in  an  upright  position ;  in  this 
position  the  lower  portions  are  held  in  a  kind  of  chaff-cutting  machine,  which  sepa- 
rates the  stems  from  the  roots.  There  then  follows  an  accurate  sorting  out;  the 
bundles  are  loosely  strewed  upon  a  table,  and  the  too  short  or  too  thick  stems  are 
removed.  Three  sortings  can  be  made  with  advantage,  each  of  which  is  afterwards 
worked  up  for  itself. 

The  retting  process  is  carried  out  in  a  water  tank  with  a  false  bottom.  The  stems, 
once  more  arranged  together  in  bundles,  are  placed  upright  upon  the  false  bottom  ; 
when  the  vat  is  nearly  full  up  to  the  margin  with  the  stems,  a  wooden  trellis  or 
grating  is  laid  over  them,  and  the  vat  is  completely  filled  with  water,  having  a  tem- 
perature of  36^  C,  so  that  not  only  the  stems  but  also  the  wood  grating  is  covered. 
The  temperature  of  the  water  sinks  by  this  operation  to  25°.  After  a  short  time 
fermentation  sets  in,  gases  are  evolved,  and  the  liquid  smells  slightly  of  sulphuretted 
hydrogen.  When  this  is  observed,  the  water  is  renewed  by  opening  the  cock  of  a 
water-pipe  underneath  the  fiEilse  bottom.  From  this  pipe  branches  another,  opening 
just  at  the  sur&ce  of  the  liquid,  which  serves  to  drive  the  scum  collecting  on  the 
8ur£fice  into  an  outlet  pipe  placed  opposite  it.  In  this  way  a  stream  of  lukewarm 
water  is  made  to  fiow  regularly  through  the  vat,  regulating  the  fermentation,  and  at 
the  same  time  carrying  away  all  soluble  substances  and  those  rendered  soluble  during 
fermentation.  After  a  period  of  from  72  to  96  hours,  according  as  soft  or  hard  water 
has  been  used,  the  retting  is  complete,  which  is  easily  seen  when  upon  crushing  the 
stem  the  bast  separates  from  the  woody  tissue  beneath. 

The  vat  is  then  emptied  by  means  of  an  outlet  pipe  at  the  bottom,  and  the  wet 
fiax  placed  in  a  machine,  consisting  of  two  pairs  of  rollers,  in  order  to  press  out  from 
it  the  remainder  of  the  retting  water.  When  the  fiax  has  passed  the  first  pair  of 
rollers,  it  is  washed  with  water  to  remove  impurities,  and  it  is  then  passed  through 
the  second  pair  of  rollers  which  squeeze  out  the  greater  part  of  the  absorbed  water. 

When  the  weather  is  suitable,  the  drying  of  &ie  fiax  is  carried  out  in  the  open  air, 
the  stems  being  fastened  between  wooden  clasps  and  hung  up  in  an  airy  shed.  In 
winter  time  and  during  damp  weather  drying  sheds,  specially  heated  and  ventilated, 
are  necessai^.  After  drying,  the  fiax  is  stored  up  from  two  to  three  months,  and  the 
straw  passed  through  a  crushing  machine  consisting  of  five  pairs  of  rollers,  each 
crushing  finer  than  the  last,  whereby  the  brittle  and  woody  covering  of  the  stems  is 
broken,  and  this  is  then  removed  by  a  scutching  machine.  The  fiax  now  only 
requires  passing  through  a  heckling  machine  in  order  to  fit  it  for  the  market. 

This  method  of  preparing  fiax  avoids  all  the  evils  attending  the  ordinary  proceiM, 
and.  besides  this,  the  process  admits  of  being  watched  and  regulated,  so  that  a  product 
is  obtained  of  better  quality  than  that  got  by  the  old  retting  method. 

WOOD. 

The  tissue  of  the  difibrent  kinds  of  wood  employed  in  the  arts  and  industries  consists 
essentially  of  cellulose  impregnated  with  incrusting,  matters,  such  as  resin  and 
similar  substances,  and  contains  also  various  nitrogenous  and  non-nitrogenous 
substances,  various  fats,  oils,  colouring  substances,  and  ash  constituents. 
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The  substances  penetrating  and  incrusting  the  cell  membranes  of  the  tisanes  are 
hard  and  brittle  ;  their  amount  varies  in  the  individual  kinds  of  wood,  being  more 
abundant  in  heart  than  in  sap  wood,  and  in  the  hard  and  heavy  kinds  of  wood  than 
in  the  soft  and  light  varieties.  They  are  richer  in  carbon  than  cellulose.  The  greater 
percentage  of  carbon  and  hydrogen  in  wood  as  compared  with  cellulose  depends  upon 
the  presence  in  it  of  the  incrusting  subfetance.  According  to  Payen's  researches, 
however,  it  is  not  a  simple  substance,  but  a  mixture  of  different  substances,  iHiich 
penetrate  the  cellulose  in  different  proportions  according  to  the  variety  of  wood  and 
the  rapiditv  of  its  growth. 

Upon  the  proportion  of  incrusting  material  in  wood  depends  its  density,  hardness 
and  capacity  for  receiving  a  polish.  Incrusting  material  increases  the  value  of  wood 
as  Aiel  by  reason  of  the  hydrogen  it  contains.  The  richer  the  various  kinds  of  wood 
are  in  incrusting  material,  the  more  acetic  acid  do  thejr  yield  upon  dir  distillatioii. 
Thus  Fayen  operating  under  nearly  the  same  conditions  obtained  nom  different 
materials  the  following  amounts  of  pure  acetic  acid : — 

Oak  wood 4*0  per  cenL 

Poplar  wood 8*6       „ 

Cotton 2*7       » 

Starch 2*8       „ 

Wood  containing  25  per  cent,  of  water,  when  submitted  to  dry  distillatioD,  yields  on 
the  average  28  per  cent,  of  carbon,  23  per  cent,  of  pyroligneous  add  and  tar,  and  89 
per  cent,  of  gaseous  products.  The  maximum  quantity  of  pure  acetic  acid  obtained 
IS  6  per  cent.,  but  the  yield  seldom  exceeds  3  per  cent. 

In  determining  the  density  of  the  different  kinds  of  wood  it  is  important  to 
distinguish  between  the  real  and  apparent  specific  gravity.  In  a  dry  state,  all  the 
tissues  of  wood  as  well  as  the  inner  parts  of  the  cells  are  filled  with  air.  If  therefore 
a  given  volume  of  wood  be  weighed  in  air  or  in  water  without  previously  expelling 
the  air  fh)m  the  tissues  and  cells,  an  apparent  or  false  specific  gravity  is  obtained. 
Bumford  found  that  the  actual  specific  gravity  of  wood  is  always  greater  than  that 
of  water,  and  that  the  difference  in  specific  gravity  between  the  different  kinds  of 
wood  is  very  slight,  being  generally  between  1*462  and  1*534.  For  ordinary  purposes, 
however,  the  knowledge  of  the  actiud  specific  gravity  of  wood  is  of  but  slight  moment ; 
the  apparent  specific  gravity  or  the  weight  of  a  definite  volume  of  dry  wood 
weighed  in  the  air  is  far  more  important.  But,  even  in  regard  to  this  character, 
only  approximate  data  can  be  obtained,  and  the  same  kind  of  wood  has  a  different 
density  according  to  the  nature  of  the  soil  upon  which  it  is  grown,  the  conditions  of 
culture,  climate,  etc. ;  as  will  be  seen  firom  the  following  table : — 

Kind  of  wood  Spedflo  gravity 

Ebony 1*800-1-400 

Oak  (60  years  old,  heart  wood) 1*170 

Nut  (heart) 1*000 

Bo  e  wood O'SOO 

Oak  (Quercus  pedunculata)  heart        ....  0*850-0*800 

„  „  sap  ...        .  0*700-0*640 

Oak  (heart) 0*790 

„      (sap) 0*600 

Acacia 0  700-0-720 

Beech  and  larch 0*750-0*800 

Scotch  fir 0*600-0*650 

Small  beech 0-720-0*750 

Fir 0-490-0*495 

Willow 0*492 

Poplar 0*400-0*550 

Paulownia  imperialis 0*880 

A  cubic  centimetre  of  the  diy  wood  of  60  years'  old  oak  weighs  therefore  1*170 
grams,  a  cubic  decimetre  1*170  kilos,  and  a  cubic  metre  1170  kilos. 

Composltton. — ^Trunk  wood  when  burnt  yields  0*5-0*9  per  cent,  of  its  wdgfat 
of  ash ;  the  bark*and  twigs  are  far  richer  in  ash,  sometimes  yielding  2*5  to  8*0  per 
cent.  The  nitrogenous  constitutents  of  trunk  wood  seldom  exceed  0*5  to  1  per  cent. 
The  amounts  of  carbon,  h3rdrogen  and  oxygen  in  a  few  different  kinds  of  wood,  as 
compared  with  pure  cellulose,  after  deduction  of  the  ash  and  nitrogenous  oonstituents, 
are  given  in  the  following  table.  The  foxirth  column  of  the  table  contains  the  excess 
of  hydrogen,  i^,  the  amount  of  hydrogen  which  remains  as  differenoe  if  the  total 
amount  of  the  oxygen  present  ^  couiadoxed  as  combined  with  hydrogen  in  the  form 
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of  water.  The  last  eolonm  of  the  table  gives  the  carbon  equivalents  of  wood ;  these 
data  are  calculated  under  the  assumption  that  the  excess  of  hydrogen  has  three  times  as 
great  heating  value  as  an  equal  quantity  of  carbon ;  thov  are  thus  found  by  multiplying 
tile  excess  of  hydrogen  by  toree,  and  adding  the  result  to  the  actual  percentage  of 
carbon. 


Csrbon 

Hydrogen 

Oxygen 

ExoesBof 
Hydrogen 

Carbon 
Bquiralents 

Frunus  Mahaleb  wood    . 

53-20 

607 

41-03 

0*960 

56*15 

Ebony  wood    . 

62-87 

600 

4116 

0886 

65-43 

Fir  wood 

61-79 

6-28 

4103 

1*038 

54*90 

Oak  wood 

60-00 

620 

43-80 

0-630 

51*39 

Beech  wood    . 

40-25 

6-40 

44-66 

0-720 

51*41 

Poplar  wood  . 

4800 

600 

4600 

0*025 

58*76 

Cellulose 

44*44 

• 
• 

617 

49-39 

0-000 

44*44 

By  treating  wood  successively  with  the  following  solvents — dilute  hydrochloric 
acid,  dilute  and  concentrated  ammonia,  alcohol,  carbon  bisulphide,  concentrated  acetic 
add,  and  ammonium  cuprate — a  number  of  different  substances  are  extracted,  the 
nature  and  properties  of  which  are  still  little  known. 

Ammonium  ciuprate  dissolves,  together  with  cellulose,  a  number  of  compounds 
which  are  not  precipitated  upon  neutralising  the  solution  with  an  add,  and  a  residue 
ftnallv  remains  which  resists  all  the  above  solvents. 

The  results  of  a  few  researches  of  this  kind  made  with  different  kinds  of  wood 
are  given  in  the  following  table,  from  which  it  may  be  seen  that  the  individual  con- 
stituents of  wood  occur  in  very  different  amount  in  the  different  kinds  of  wood  : — 


Oak 

Nettle 

Tree 
(C«ltU 

WIUow 

Water  escaping  at  100®     . 

Heartwood 

Sap  wood 

Australia) 

9-87 

9-80 

10*60 

9*26 

Water  chemically  combined 

10-60 

4*29 

7-85 

4-39 

Substances  soluble  in  the  following  mens- 

trua :         ...... 

In  hydrochloric  acid  1  per  cent.     . 

4-65 

5-63 

4*76 

6*71 

In  ammonia  5  per  cent. 

520 

6-20 

5-84 

6-32 

In  a  saturated  solution  of  ammonia 

8*72 

600 

6-38 

6  22 

In  aleohol     .        .      • . 

0-50 

0*45 

1*76 

0*35 

In  carbon  bisulphide      .... 

0*65 

0-38 

0-96 

0-07 

In  glacial  acetic  add      .... 

3*90 

3*28 

2*67 

3-68 

In  ammonium  cuprate   .... 

25*52 

3700 

36  65 

34*80 

.  Insoluble  substances          .... 

2315 

28*00 

14*15 

22-50 

Substances  dissolved  by  ammonium  cu- 

prate and  not  reprecipitable  by  acids 

• 

7*34 

7-98 

570 

8-40 

Loss J 

100 

100 

100 

100 

The  insoluble  residue  contains  some  of  the  incrustlng  material  of  the  cellulose, 
together  with  various  other  substances,  most  of  which  dissolve  in  hot  potash.  Hence 
woody  fibre  is  far  from  being  a  simple  organic  substance,  but  is  on  the  contrary  a 
mixture  of  a  number  of  different  substances. 

Payen  found  in  the  incrusUng  material  four  substances,  which,  according  to  their 
■olubility,  he  termed  respectivelv  lignose,  lignin,  lignon,  and  lignireose.  The  behaviour 
of  these  substances  towards  different  solvents  is  as  follows : — 


I 


Lignose 

Lignon 

Ugnin 

Lignireose 

Cellulose  . 


Menstma  in  which  the  snhatoooes 
areMdnble. 

Menstma  in  which  the  rabetances 
are  insoluble 

potash 
potash 
potash 

potash 

soda 
soda 
soda 

soda 

ammonia 
ammonia 

ammonia 

alcohol 

alcohol 

and  ether 

water 
water 
water 

water 

water 

alcohol 
alcohol 

alcohol 

ether 
ether 
ether 

ether 

ammonia 
ammonia 
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Of  these  five  snbstances,  at  present  cellulose  alone  has  been  obtained  in  a  pure 
state ;  concerning  the  nature  and  properties  of  the  other  four  bodies  scarcely  any- 
thing  is  known.  These  substances  have  been  submitted  to  elementary  analysis,  the 
results  of  which,  however,  are  of  no  importance,  since  the  analysed  bodies  may  have 
been  mixtures. 

Payen  examined  well-washed  beech  wood,  and  found  it  to  have  the  following 
proximate  percentage  composition : — 

Cellulose 40 

Incrusting  material 60 

According  to  Payen  the  incrusting  material  consisted  of : — 

Lignose 26'2 

Lignon 10*8 

Lignin 21*6 

Lignireose 2*4 

The  percentage  composition  of  tliese  several  constituents  was : — 


For  wood 

„  cellulose 

„  incrusting  matter 

„  lignose  . 

„  lignon  . 

„  lignin    . 

„  lignireose 


Gurbon 


Hydrogen 


6000 

619 

48*81 

44*44 

6*18 

40*38 

64*73 

6*20 

40-06 

6610 

609 

47*81 

6010 

6*93 

4408 

62*26 

6*93 

81-82 

67*91 

6*89 

25*20 

Oxygen 


Uses* — The  applications  of  the  different  kinds  of  wood  depend  upon  special 
qualities,  according  to  which  they  admit  of  being  arranged  in  five  groups  :  1.  white 
soft  wood;  2.  heavy  and  hard  wood;  3.  half  hard  wood;  4.  coloured  wood;  6. 
resinous  and  scented  wood. 

Poplar  wood,  one  of  the  lightest  of  all  the  varieties  of  wood,  is  cut  into  boards  for 
making  boxes,  casks,  etc.,  and  the  chief  result  aimed  at  is  to  increase  the  weight  of 
the  articles  packed  in  them  as  little  as  possible.  Many  manufacturers  prepare  from 
poplar  wood  the  little  boxes  for  packing  lucifer  matches.  Poplar  wood  torn  into 
fibres  is  also  mixed  with  rag  pulp  in  the  manufacture  of  paper.  For  use  as  fuel 
poplar  is  one  of  the  worst  kinds  of  wood,  since  a  given  volume  of  it  develops  very 
much  less  heat  than  a  corresponding  volume  of  any  other  kind.  The  wood  of  the  birch 
is  much  more  valuable  as  fuel ;  it  has  a  far  denser  tissue,  and  it  contains  in  the 
epidermal  layers  of  the  bark  a  white  resinous  substance  which  protects  bark  and 
wood,  and  gives  the  wood  a  great  heating  power.  The  epidermal  layers  of  the  birch 
bark  are  used  for  making  snuff-boxes  and  band-boxes ;  they  resist  friction  and  moisture 
better  than  the  same  material  from  poplar.  In  Canada  canoes  and  boats  are  built 
of  birch  bark.  Besides  these  applications,  birch  bark  yields  upon  distillation  an  oil 
known  as  birch  tar  oil,  which  is  used  for  imparting  to  Russian  leather  its  agreeable 
smell.  The  lighter  kinds  of  wood,  poplar,  alder,  willow,  lime,  etc.,  yield  upon  car- 
bonisation the  charcoal  for  gunpowder  manufactories.  A  recent  use  of  poplar  and 
fir  woods  is  in  the  manufacture  of  spirit  and  paper. 

The  hard  woods  which  are  usea  as  fuel  and  for  other  industrial  purposes  are  veiy 
numerous  ;  among  those  growing  in  this  country,  oak,  beech,  elm,  ash,  and  chestnut 
are  the  chief.  The  wood  of  the  acacia  is  very  much  prized  ;  it  is  remarkable  for  its 
great  hardness  and  tenacity,  which  is  the  result  of  the  cells  of  the  woody  fibre  being 
closely  packed;  the  cell  membranes  are  little  penetrated  with  incrusting  matter. 
Owing  to  the  rapid  growth  of  the  tree,  the  wood  is  comparatively  cheap  to  produce, 
at  least,  cheaper  than  other  kinds  of  wood.  In  acacia,  the  sap  wood  is  not  Tery  thick; 
the  amount  of  heart  wood  is  on  the  other  hand  veiy  considerable.  Acacia  wood, owing 
to  its  hardness  and  capacity  of  resistance,  is  used  with  advantage  in  the  construction 
of  various  parts  of  machinery,  i.e,  for  the  teeth  of  mill  wheels,  for  spinning  machines, 
wheel  spokes,  and  many  other  purposes.  It  has  proved  especially  suitable  for  plank- 
ing corridors  and  galleries  in  mines  ;  it  has  been  found  to  be  from  two  to  three  times 
as  durable  as  oak,  and  fh)m  four  to  six  times  as  durable  as  other  kinds  of  wood. 

The  innumerable  applications  of  the  different  kinds  of  wood  are  too  well  known 
to  need  recapitulation  here. 

PRBSBRTAnoN  OF  WooD.--The  preservation  of  wood  is  unquestionablv  one  of  the 
moift  important  problems  of  applied  chemistry.     Owing  to  the  enormous  devdopmeat 
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of  industry,  aod  the  extension  of  railways,  the  consumption  of  wood  increases  from 
year  to  year,  while  its  production  not  only  does  not  increase,  but  is  in  many  countries 
absolutely  on  the  decline. 

In  1791,  the  forests  in  France  belonging  to  the  State  and  private  individuals, 
covered  a  space  of  23,407,800  acres,  while  in  1851  they  covered  only  21,894,000  acres, 
thus  showing  a  decrease  of  1,603,800  acres  during  the  60  years.  The  condition  of 
forests  in  1851  was  shown  to  be  as  follows  :— 

14,231,100  acres  private  property 
4,633,325     „     public  forests 
3,029,395     „     state  forests. 

Of  late  the  replanting  of  barren  tracts  has  been  extensively  carried  out,  in  the 
Qascoigne  especially,  large  districts  have  been  planted  with  useful  trees. 

From  an  industrial  point  of  view,  as  well  as  a  matter  of  national  economy,  it  is 
Uierefore  of  great  importance  to  render  timber  more  durable  and  less  susceptible  of 
decay.  Formerly,  only  oak  wood  could  be  used  for  the  sleepers  of  railways,  while 
now,  by  means  of  an  artificial  hardening  process,  many  other  kinds  of  wood  can  be 
used  for  this  purpose. 

The  chief  cause  of  the  destruction  of  wood  is  rotting  or  decay,  which  is  brought 
about  by  the  presence  of  nitrogenous  substances,  from  which  no  kind  of  wood  is 
altogether  free.  Under  the  infiuence  of  moisture  and  oxygen  these  substances  decom- 
pose, and  induce  the  decomposition  of  the  more  difficultly  decomposable  non-nitro- 
genous bodies,  such  as  cellulose,  etc.  Moreover,  the  nitrogenous  constituents  of  wood 
nourish  fungi  of  all  kinvis,  wUch  by  penetrating  further  into  the  substance  of  the 
wood  promote  its  destruction.  The  greater  the  amounts  of  nitnwenous  substances 
in  wocd,  the  more  perishable  it  is.  For  this  reason,  wood  to  be  durable  should  be 
felled  in  late  autumn  or  in  winter,  but  never  in  spring,  when  it  is  filled  with  ascend- 
ing sap. 

Many  substances,  very  different  in  their  nature,  preserve  the  nitrogenous  con- 
stituents of  plants  and  animals.  Among  them  are  tannin,  creasote,  arsenic,  pyroligne- 
ous  acid,  lime,  salt,  blue  vitriol,  iron  dissolved  in  pyroligneous  acid,  corrosive  subli- 
mate, etc.  Tannin  has  been  employed  for  ages  to  preserve  the  nitrogenous  matter  of 
skins,  resins  and  oils  for  embalming  corpses,  impregnating  wood,  etc. ;  creasote  for 
rapidly  curing  meat,  etc. ;  and  salt  for  the  same  purpose.  Timber  impregnated  with 
salt  in  the  salt  works  of  Hallein  before  the  Christian  era,  has  been  preserved  up  to 
the  present  time.  Aqueous  or  alcoholic  solutions  of  corrosive  sublimate  are  used  for 
preserving  anatomical  and  botanical  specimens.  All  such  substances  as  are  suited 
for  the  preservation  of  animal  products  may  also  be  used  with  equal  efficiency  for 
preserving  those  of  vegetable  origin. 

The  only  difficulty  met  with  in  preserving  wood  by  impregnation  is  that  it  is  not 
easy  to  force  the  antiseptic  solutions  into  the  individual  cells,  tissues  and  vessels  of 
the  wood ;  the  desired  effect  can  only  then  be  expected  when  the  protective  reagents 
actually  come  into  contact  with  the  subsUinces  they  are  to  preserve.  Many  endeavours 
have  been  made,  and  with  varying  success,  to  overcome  these  difficulties. 

Besides  those  methods  of  preservation,  which  are  founded  upon  the  impregnation 
of  wood  with  antiseptics,  it  is  also  possible  by  various  other  means  to  protect  wood 
from  rotting,  as  by  charring,  baking,  or  smoking. 

One  of  the  oldest  attempts  to  preserve  wood  is  that  carried  out  by  Champy  in  the 
year  1813.  The  object  was  to  preserve  from  rot  the  inner  woodwork  of  a  very 
moist  powder  mag^izine,  the  walls  of  which  were  to  be  covered  with  lead.  For  this 
purpose,  the  wood  was  soaked  for  several  hours  in  a  tallow  bath  at  a  temperature  of 
from  120°  to  130°.  The  water  contained  in  the  wood  was  thus  expelled  as  steam, 
the  melted  fat  taking  its  place.  The  wood  took  up  about  one  fifth  part  of  its  weight 
of  fat. 

Many  liquids,  the  boiling  point  of  which  is  higher  than  that  of  water,  can  in  like 
manner  be  employed  for  impregnating  wood— such  are  oil,  resins,  tar,  et<!.  By  such 
treatment  the  softer  kinds  of  wood,  such  as  pine,  Scotch  fir,  poplar,  etc.,  or  even 
denser  kinds  like  beech,  etc.,  can  be  easily  impregnate<l  with  these  substances.  By 
raising  the  temperature  to  180°,  Fayen  succeeded  in  giving  soft  kinds  of  wood  such 
durability,  that  they  could  be  used  in  the  construction  of  chemical  manufactories, 
where  they  were  exposed,  not  only  to  the  action  of  air  and  moisture,  but  also  to  the 
influence  of  acid  vapours  and  gases.  It  was  proved  that  such  wood  suffered  less 
than  the  most  durable  kinds  of  wood  in  a  natural  condition. 

.When  timber  is  merely  immersed  for  some  time  in  the  antiseptic  liquid,  the 
results  produced  are  not  very  satisfactory,  because  the  penetratioti  of  the  liquid  is 
prevented  by  the  air  in  the  tissues.  Better  results  are  obtained  by  plunging  the  wood 
entirely  into  the  liquid  in  a  vertical  position,  so  that,  owing  to  the  capillary  attraction 
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of  the  hollow  spaces  in  the  tissnes,  and  partly  also  to  atmospheric  pressure,  the 
liquid  is  forced  into  the  pores  and  expels  the  air,  which  escapes  at  the  upper  end  of 
the  vessels. 

Kjan  employed  in  this  way  a  solution  of  corrosire  sublimat<e  of  1  per  cent 
strength ;  the  penetration  of  the  liquid  was  assisted  by  having  the  trunks  cut  into 
boards,  and  i^er  they  had  remained  14  days  in  the  liquid,  they  were  again  fastened 
together  by  means  of  bolts. 

Br^nt  constructed  an  apparatus  by  means  of  which  he  exposed  the  immersed  wood 
to  a  pressure  of  10  atmospheres ;  and  the  consequent  compression  of  the  air  permitted 
the  penetration  of  the  liquid.  His  process  was  rendered  still  more  effective  bj  first 
creating  a  vacuum  in  his  apparatus,  so  that  the  air  contained  in  the  tissues  of  the 
wood  escaped,  and  it  was  then  easy  under  a  pressors  of  10  atmospheres  to  fbroe  the 
antiseptic  liquid  into  all  the  cavities  of  the  wood. 

The  first  industrial  application  of  this  method  of  Brunt's  was  made  by  Bethel, 
whose  apparatus  consists  of  a  cylinder  of  sheet  iron,  closed  in  at  one  end  like  an 
ordinary  steam  boiler,  and  at  the  other  end  famished  with  an  air-tight  cover  secured 
by  means  of  bolts.  The  wood  to  be  impregnated  is  laid  upon  small  trucks  which  are 
run  into  the  cylinder  upon  rails  laid  upon  the  inside.  According  to  the  length  of  the 
pieces  of  timber,  2,  3,  or  6  trucks  are  pushed  in,  the  cylinder  is  then  closed  in  front, 
and  steam  passed  into  it  to  expel  the  air ;  the  cylinder  is  then  cooled  by  allowing  cold 
water  to  fiow  over  it.  The  condensation  of  the  steam  causes  a  partial  vacuum  which 
facilitates  the  expulsion  of  the  air  from  the  tissues  of  the  wood.  After  a  short  time  a 
cock  is  opened  tiurough  which  the  antiseptic  liquid  is  sucked  into  the  cylinder,  then  a 
force  pump  is  set  in  action  which  completely  fills  the  cylinder  with  Uie  liquid,  and 
the  pump  is  kdpt  going  imtil  a  pressure  of  10  atmospheres  is  attained.  After  several 
hours,  according  to  the  kinds  of  wood,  the  penetration  is  complete,  often  to  the  inner- 
most core  of  the  wood.  The  liquid  is  then  run  ofl^  and  the  trucks  containing  the 
wood  are  drawn  out  of  the  cylinder,  which  is  then  ready  for  a  second  charge. 

The  antiseptic  employed  by  Bethel  is  a  mixture  of  hydrocarbons  obtained  by  the 
distillation  of  coal  tar.  This  oil  of  tar,  wrongly  termed  creasote,  is  very  suitable  fiir 
impregnating  railway  sleepers,  but  is  not  applicable  for  the  preservation  of  wood 
for  other  purposes,  owing  to  its  unpleasant  smell  and  its  inflammability.  In  Moll's 
process  the  wood  is  exposed  first  of  all  to  steam  in  a  closed  chamber,  then  creasote 
vapour  is  admitted,  which  penetrates  the  wood,  and  condenses  in  it  upon  cooling.  A 
solution  of  cupric  sulphate  is  sometimes  used  in  place  of  creasote. 

The  ii^ecting  cylinder  used  in  this  case  is  made  of  copper  plates  strong  enough  to 
resist  a  pressure  of  12  or  15  atmospheres.  The  steam  does  not,  as  in  the  old 
method,  serve  to  create  a  vacuum,  but  to  heat  the  wood,  enlarge  its  pores  and  destroy 
the  ferments  present  in  it.  The  copper  solution  is  heated  up  to  70°  before  being 
admitted  into  the  cylinder,  in  order  to  avoid  condensation  of  the  steam  either  in  the 
cylinder  or  in  the  pores  of  the  wood,  and  also  the  contraction  of  the  pores  that  hsd 
been  previously  expanded  by  the  action  of  the  steam.  The  excess  of  steam  after  it 
has  effected  the  expansion  of  the  pores  of  the  wood  in  the  cylinder  is  passed  through  a 
serpentine  tube  and  serves  to  heat  the  solution  of  cupric  sulphate ;  the  condensed 
water  serves  to  feed  the  boiler  and  to  prepare  the  copper  sulphate  solution.  The 
rarefaction  of  the  air  within  the  cylinder  is  effected  by  means  of  a  special  condenser, 
in  which  the  vapours  are  condensed ;  in  this  way  it  is  possible  not  only  to  get  rid  of 
the  steam,  but  of  the  greater  portion  of  the  air  and  non-condensible  gases,  without  any 
serious  cooling  of  the  wood  taking  place,  so  that  a  condensation  of  the  steam  in  the 
pores  of  the  wood  is  prevented.  The  vacuum  is  kept  up  by  means  of  air  pumps 
which  continually  remove  the  C3ndensed  water,  and  work  so  that  a  barometer 
connected  with  the  cylinder  only  shows  a  column  of  mercuiy  5  or  10  cm.  Finally 
the  impregnating  liquid  is  forced  into  the  cylinder  by  the  aid  of  special  pumps,  taxi. 
according  to  the  kind  and  size  of  the  logs  of  wood  a  pressure  of  12  or  15  atmo- 
spheres  is  produced. 

This  process  is  now  so  perfected  that  each  apparatus  is  capable  of  receiving  10  or 
12  charges  per  diem ;  and  has  been  very  extensivelv  used  in  the  impregnation  of 
the  sleepers  of  the  Paris,  Lyons  and  Mediterranean  railway. 

The  exterior  view  of  the  entire  apparatus  is  shown  in  fig.  431.  The  cylinder 
consists  of  copper  sheets  rivetted  together.  The  lid  e  is  rivetted  on  the  cylinder,  and 
the  opposite  lid  li'  turns  on  an  iron  hinge.  This  lid  is  furnished  wit^  a  wide  rim 
that  rests  against  a  corresponding  rim  round  the  cylinder,  to  which  it  is  screwed  with 
bolts.  A  special  adjusting  screw  regulates  the  lid  in  such  a  way  that  the  perforations 
of  both  rims  exactly  fit  together,  and  by  its  means  the  lid  may  be  brought  into 
the  proper  position,  should  it  get  displaced  by  any  accident  A  couple  of  leven  tai' 
nished  with  balance  weights  (f  f,  figs.  432  and  433)  are  attached  to  the  moveable  axis  of 
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ilhate  lie  opening  mid  shutting,  bo  that  the  operation  may  be  paifonned 

ng  of  the  cjlindcr  i«  sacored  by  Inying  a  brand  pi«ee  of  rop*  wtontod 

in  «acli  of  the  protradinR  rlniii,  which  upon  BcreviDg  in  the  bolU  an  m 

ber  that  a  dote  joint  ie  Becnrad.    The  details  of  this  arrangenieDt  an  ra- 

flgi.  433,  *IS,  and  434. 

lie  water  aud  preaanre  gauges  and  rafetj  Talvee,  the  cylinder  is  farniihed 

jrofdiflerent  cocks  wiUi  their  coanwtiag  pipes;  these  are — the  air  cock;  a 

ba  pipe  for  oonveying  steam  ;  adeliTery  pipe  for  the  impregnating  liquid; 

■nnieatiiig  with  the  modanser  of  the  air  pamp;  and  a  vbIto  (k)  fbrsd- 

iqnid  into  the  eihaasted  cylinder. 

rr  euil  h*  oorresponds  with  tJie  steam  outlet  cock ;  it  liee  wiihip  the  baiin 

<tt  beating  the  copper  solution.    The  non-condensed  steam  and  water  of 
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are  «unduct4;d  inlu  h  resiHil  in  which  i«  conlAiaed  the  wxter  fcir  feeding 
d  botb  may  be  paesed  by  means  of  the  vertical  tube  u",  beni  nt  ilti  upper 
>  (liaaolring  bacin.  The  entire  apparatus,  with  the  eueptioo  of  the 
the  copper  sulntjon,  is  supported  upon  a  elrong  rulwav  truck,  e 
-  '    -    '  "fl         ,,i,(^  of  a       ■  ■  -■<  ■ 


eg  muted  at  pleoi 


Tlie  method 


f  carrying  out  lie  openition  ii 


a,  laden  with  the  iluepers  and  other  piecea  of  timber  Co  be  impregnated, 
ida  &«t  to  the  trueka  by  mesne  of  n  couple  of  brume  bauds  torning  on 
uhed  into  the  eylindiir.  The  lid  which  ewinge  readily  on  its  aiis  i«  let 
arwed  on  the  cylinder,  Uin-ctly  this  i«  done  the  cock,  which  connects  the 
the  steam  boiler  by  means  of  the  tube  u,  ia  opened,  the  ■team  expels  the 
^liodar  througlt  a  upecial  cock  and  fllla  the  cylinder  completely,  the 
un  eacapiBg  u  soon  as  the  air  cock  is  .shut  throngh  the  eeiwntiDe 
ided  the  copper  solution  is  hot  enongh,  into  a  reearroir  for  feeding  the 
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the  inoermost  parts  of  the  wood  have  attained  a  temperature  of  65^  or  70^.  The 
is  then  shut  on  and  the  cylinder  connected  with  the  condenser,  into  which  a  jetof  oold 
water  is  immediately  pumped.  At  the  same  time  the  air  pump  is  set  in  motion 
in  order  to  remove  the  water  pumped  in,  the  non-condensed  steam  and  the  air 
escaping  £rom  the  pores  of  Uie  wood. .  Owing  to  the  continual  evaporation  of  water  from 
the  pores  of  the  wood,  it  is  not  possible  to  obtain  a  perfect  vacuum  ;  the  air  pump  is 
therefore  kept  going  until  tlie  barometric  column  stands  at  6  cm.,  and  the  vacanm  is 
kept  up  generally  15  minutes,  or  in  the  case  of  dense  kinds  of  wood  25  minutes. 

The  large  cock  (k)  is  then  opened,  which  places  the  cylinder  in  communication  with 
the  basin  containing  the  copper  solution.  The  solution  has  a  concentration  of  2  per 
cent,  and  is  in  the  meantime  he^ited  by  the  ei^ping  steam  to  70^.  The  atmospheric 
pressure  forces  the  liquid  into  the  cylinder  which  fills  itself  nine-tenths  fulL  The 
pressure  pumps  are  then  set  going,  to  fill  the  cylinder  entirely  with  the  warm  copper 
solution,  and  are  kept  going  until  a  pressure  is  obtained  in  the  cylinder  of  12  atmo- 
spheres, which  is  maintained  from  20  to  30  minutes. 

The  comparatively  small  quantity  of  air  left  in  the  pores  of  the  wood  after  steam 
and  vacuum  have  done  their  work  is  by  this  latter  operation  reduced  to  a  very  small 
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volume.  The  copper  solution  occupies  the  space  previously  occupied  by  air,  penetrates 
the  wood,  and  fills  up  all  its  pores. 

When  the  full  pressure  has  been  attained,  and  it  has  been  kept  up  long  enough, 
the  large  outlet  cock  is  opened  and  the  excess  of  impregnating  liquid  is  run  off  into 
the  reservoir.  The  cylinder  is  now  opened,  and  both  the  cars  are  run  on  to  a  track 
placed  at  the  mouth  of  the  cylinder  to  receive  them.  The  cylinder  is  then  charged 
with  two  fresh  cars  laden  with  timber.  Each  car  holds  32  railway  sleepers  or  a  corre- 
sponding quantity  of  other  timber ;  therefore  64  sleepers  are  impregnated  in  a  single 
operation ;  and  since  8  operations  are  carried  out  every  12  hours,  it  is  possible,  by 
working  a  double  apparatus,  to  impregnate  1 .024  sleepers  daily. 

The  relative  volume  of  preservative  liquid  which  penetrates  the  wood  differs 
according  to  the  constitution  of  the  wood,  inasmuch  as  light  spongy  wood  absorbs  more 
liquid  than  dense  and  hard  kinds  of  wood ;  and  in  preserving  timber  by  this  means 
attention  mast  be  paid  to  this  fact.  The  action  of  the  impregnating  liquid  is  regulated 
accordingly,  being  allowed  to  operate  for  a  longer  or  shorter  time,  and  its  strength  is 
also  modified  according  to  the  kind  of  wood.  Dense  heavy  kinds  of  wood  req[iiire  a 
liquid  of  2  per  cent,  strength,  while  for  lighter  sorts  of  wood  a  liquid  of  1  per  cent 
strength  suffices.  Long  experience  has  shown  that  wood  is  sufficiently  imporegnated 
when  1  cubic  yard  has  absorbed  9  lbs.  5  oz.  to  0  lbs.  10  oz.  of  copper  sulphate. 

The  results  of  some  experiments  conducted  by  MM.  Hennezel  and  V^nllaid  showed 
that  a  copper  sulphate  solution  of  2  per  cent,  original  strength,  after  rvnofal  tnm  th^ 
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ejlinder,  had  atiU  a  concentration  of  1728  per  cent.;  and  the  amoant  of  liquid  absorbed 
by  different  kinds  of  wood  was  as  follows : 


Oak :  sleepers,  square  and  half) 

round,  planks  .  .  .  ( 
Deal:  half  round  sleepers,  sound  ^ 

timber,  6  months  felled  .  ) 
Small  beech-tree  wood :  planks, ) 

pith  wood,  8-10  years  felled  ( 
Poplar :  sleepers,  sound  timber,  f 

6  months  felled  .        .        .  ( 


Original  weight 
per  cubic  yard 


11  cwt.  25    lbs. 

11    ,,      8J   „ 
8    „     95i  „ 


Liquid  absorbed 
per  cnbio  jard 


Copper  Sulphate 


absorbed  per 
cubic  jBid 


6  cwt.    51^  lbs 
6    „     104     ,. 
9    „       13i    „ 
10    „       41 J    .. 


14^  lbs. 

20i    „ 
20*    „ 


Seven  different  experiments  with  oak  wood  showed  that  it  took  up  more  liquid  in 
proportion  to  the  length  of  time  that  had  elapsed  since  felling ;  for  wood  between  4 
months  and  5  years  old — i.e.,  from  the  time  of  felling — the  amount  of  liquid  absorbed 
per  cubic  yard  raried  between  4}  cwts.  and  Sk  cwts.  It  is  therefore  evident  that  the 
age,  texture,  and  general  condition  of  timber  liave  a  great  influence  upon  the  amount 
of  impregnating  liquid  it  is  capable  of  absorbing. 

The  steaming  and  rarefication  have  the  effect  of  altering  the  volume  of  the  timber, 
which  increases  in  sectional  area  in  the  proportion  of  100  to  104 ;  no  increase  in  length, 
however,  takes  place. 

The  penetration  of  cupric  sulphate  into  the  wood  may  be  tested  by  making  a  section 
of  one  of  the  pieces  and  dropping  upon  it  a  solution  of  potassium  ferrocyanide ;  the 
quantity  of  copper  salt  in  any  particular  part  of  the  wood  is  then  approximately  indi- 
cated by  the  degree  of  brown  coloration.  By  applying  this  test  it  has  been  found  that 
sap  wooid  is  the  most  easily  impregnable,  especially  when  the  wood  has  been  previously 
heated  by  storing ;  heart  wooid  absorbs  less,  but  sufficient  for  the  preservation  of  the 
wood,  espocially  as  in  dense  kinds  of  wood  the  most  decomposable  parts  are  the  most 
easily  penetrated  by  the  impregnating  liqaid. 

In  Germany,  railway  companies  have  employed  a  similar  method  for  impregnating 
their  sleepers,  with  the  difference  that,  instead  of  cupric  sulphate,  zinc  chloride  is  used, 
which  is  not  only  as  effective,  but  considerably  cheaper,  and  does  not  require  the  ex- 
pensive copper  apparatus. 

Another  method  has  been  introduced  by  Boucherie.  It  consists  essentially  in 
replacing  by  means  of  hydrostatic  pressure  the  sap  of  freshly-felled  wood  by  an 
antiseptic  liquid,  which  is  in  most  cases  cupric  sulphate. 

The  time  required  for  perfect  penetration  differs  considerably,  and  is  dependent 
upon  the  density  of  the  wood,  the  kind  of  wood  treated,  the  amount  of  sap  in  the  wood, 
and  the  length  and  thickness  of  the  pieces.  In  oak  the  sap  wood  only  is  penetrated, 
the  vessels  being  wider  than  in  heart  wood  ;  sap  wood  is,  however,  the  part  most  liable 
to  decomposition.  Beech,  birch,  plane,  olm,  fir,  and  Scotch  fir  are  the  kinds  of  wood 
chiefly  employed,  as  being  cheap  and  easily  impregnated ;  they  replace  oak  for  many 
purposes.  The  difff^ront  kinds  of  poplar  absorb  tne  liquid,  with  the  exception  of  a 
small  portion  round  their  axis ;  the  trunks  are  often  used  as  poles,  being  cut  length- 
ways into  four  parts,  and  tlio  part  which  refuses  to  absorb  the  impregnating  liquid 
cut  away  with  the  axe. 

In  all  kinds  of  wood  the  circulation  is  easier  and  more  complete  in  proportion  to 
the  nearness  of  the  operation  to  the  time  of  felling.  In  order  to  avoid  as  &r  as  possible 
loss  of  sap  in  felling,  all  the  branches  and  twigs  are  immediately  chopped  off.  When 
the  felling  takes  place  before  the  budding  of  the  trees  between  January  and  April,  the 
trunks  are  most  fitted  for  impregnation  in  the  course  of  a  couple  of  months,  at  which 
time  a  disc  about  4  inches  thick  is  chopped  off  from  the  end  of  each  trunk  on  account 
of  these  portions  being  too  dry.  In  summer  the  impregnation  ought  either  to  be 
carried  out  at  once,  or  at  the  latest  within  8  or  12  da^s  from  the  time  of  felling. 

The  impregnation  process  is  also  easier  in  proportion  to  the  shortness  of  the  trunks 
and  the  pressure  of  the  liquid.  The  diameter  is  also  of  importance ;  for  while  a  trunk 
9  feet  long  and  15  inches  in  diameter  is  completely  impregnated  in  24  hours,  100 
hours  are  required  for  the  perfect  impregnation  of  a  trunk  having  the  same  length  but 
a  diameter  of  2  feet ;  and  besides  this  it  is  necessary  to  pass  through  it  a  quantity  of 
impr^pating  liquid  equal  to  six  or  seven  times  its  volume.  Indeed,  in  the  case  of  such 
thick  trunks,  it  is  advisable,  after  the  outer  parts  have  been  sufficiently  impregnated, 
to  give  the  interior  parts  a  special  treatment  by  screwing  on  to  the  trunk  a  Ij^did  of 
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Dofficient  size,  and  ezpoeing  the  harder  parts  of  the  tissue  once  more  to  the  preswire 
of  the  liquid.  The  complete  penetration  of  the  harder  parts  is  often  secured  faj  in- 
verting the  block  and  passing  Uio  copper  solution  in  at  the  outflow  end. 

Above  all  things  it  is  absolutely  necessary  that  the  cupric  sulphate  employed 
should  be  as  pure  as  posable,  and  free  from  excess  of  acid ;  it  is  especially  necessary 
that  it  should  contain  no  ferrous  sulphate,  since  this  salt  exerts  an  oxidising  action 
upon  the  fibres.  The  absence  of  ferrous  sulphate  may  be  proved  by  a  solution  of 
cupric  sulphate  yielding  with  ammonia  a  blue  and  quite  clear  liquid.  In  order  to 
avoid  rendering  the  solution  of  cupric  sulphate  impure,  all  the  vessels  employed  in 
the  impregnating  process  are  made  of  wood,  bronze,  or  brass. 

Cupric  8ulp£&te  preserves  wood  by  fixing  itself  upon  the  cellulose,  lignin,  and 
nitrogenous  substances  present  in  the  wood.  It  is  poisonous  enough  to  prevent  insects 
from  lodging  themselves  in  the  tissues  of  the  wood;  besides  which,  owing  to  the  dis- 
placement (n  the  sap,  a  number  of  the  most  easily  decomposable  constittieintB  are  re- 
moved from  the  wood. 

Recent  experience  has  shown  that  a  slight  variation  may  be  made  with  advantage 
in  the  above  method  of  proceeding.  This  may  be  easily  done  by  allowing  the  Uqmd 
to  run  away  until  the  greater  part  of  the  sap  has  escaped ;  the  process  causes  the  toss 
of  a  small  quantity  of  cupric  sidphate,  but  a  liquid  of  a  purer  quality  is  passed  into 
the  wood. 

A  method  a  little  different  to  the  above,  and  proposed  by  Benard-Perrin,  consists 
in  forcing  the  impregnation  liquid  into  the  wood  by  atmospheric  pressure.  For  this 
purpose  the  logs  placed  in  an  upright  position  have  their  lower  extremities  connected 
with  an  iron  vessel  in  which  a  vacuum  has  been  made  by  burning  in  it  balls  of  tow 
soaked  in  alcohol.  Directly  the  fiame  has  burnt  out  the  iron  vessel  is  closed,  and 
upon  cooling  down  a  partial  vacuum  is  produced  within  it.  The  impregnating  liquid, 
which  is  poured  upon  the  upper  end  of  the  wooden  block,  is  then  forced  downwards 
through  the  wood  by  the  pressure  of  the  atmosphere.  This  operation  several  times 
repeated  suffices  for  the  impregnation  of  the  wood.  Perrin's  method  is,  however,  more 
used  for  preparing  coloured  wood  than  for  preserving  wood  by  antiseptic  liquids. 

for  colouring  wood  in  the  above  way  a  number  of  colours  and  mordants  are  em- 
ploved,  which  are  likewise  used  for  dyeing  cloth ;  thus  the  different  shades  of  red  and 
violet  are  obtained  by  usinp;  madder,  alkanet,  orchil,  logwood,  and  Brazil  wood ;  blue 
is  got  by  using  litmus,  indigo,  logwood ;  green  by  cupnc  acetate,  or  verdigris ;  black 
by  using  extract  of  oak  galls,  ferrous  sulphate,  etc  Other  kinds  of  wood  are  bleached 
by  a  similar  process ;  thus  the  wood  of  the  dwarf  beech  is  bleached  by  treating  it  with 
a  very  dilute  solution  of  soda  (|  per  cent.),  then  with  water,  chloride  of  lime,  dilute 
hydrochloric  acid,  and  finally  again  with  water.  Wood  thus  bleached  is  used  instead 
of  ivory  in  mosaic  work. 

Timber  or  wood  that  has  been  impregnated  is  not  only  useful  for  the  purposes  for 
which  up  to  the  present  it  has  been  alinost  exclusively  employed,  such  as  railway 
works,  etc. ;  but  it  may  be  also  employed  with  great  advantage  for  a  number  of  other 
purposes :  such  as  carpentry  work  which  is  exposed  to  the  action  of  atmospheric  air 
and  moisture,  the  timbering  of  galleries  in  mines,  for  posts  and  stakes  of  all  kinds, 
such  as  telegraph  posts,  and  for  many  parts  of  ships,  etc. 

Tannin  or  tannic  add  must  be  reckoned  amongst  the  best  preservative  agents ;  it 
enters  into  combination  as  well  with  the  nitrogenous  constituents  of  wood,  forming 
with  them  insoluble  and  difficultly  decomposable  products,  as  with  the  nitrogenoni 
constituents  of  animal  tissues,  as  in  leather.  The  durability  of  oak  wood  is  ascribed 
to  the  large  percentage  of  tannin  it  contains,  but  it  is  very  probably  due  still  mors 
to  the  ^jeat  density  of  the  tissues.  Fishermen  are  in  the  habit  of  dipping  their  nets 
and  sails  from  time  to  time  in  liquids  containing  tannin  which  gives  them  greater 
durability. 

From  the  most  remote  times,  wood  tar  has  been  used  for  preserving  the 
timbers  in  ships,  and  its  application  at  the  present  day  for  the  same  purpose  is  a 
sufficient  proof  of  its  usefulness  as  a  preservative  agent.  The  active  preservative 
principle  in  wood  tar  is  creasote ;  in  coal  tar  a  kindred  substance  is  found,  which  is 
called  carbolic  acid. 

Carbolic  acid,  even  when  present  in  the  smallest  quantity,  possesses  the  property 
of  checking  processes  of  fermentation  and  decay,  and  of  destroying  lower  organisms 
both  vegetable  and  animal.  Carbolic  acid  is  obtjiined  in  large  quantities  as  a  by- 
product of  the  manufoctnre  of  gas  and  of  paraffin  oil,  and  being  very  cheap  it  might 
be  used  with  advantage  for  preserving  timber. 

When  wood  is  treated  with  oils,  fats,  wax,  and  resins  in  the  melted  state,  its 
pores  are  filled  witli  them,  and  it  is  rendered  impervious  to  air  and  moisture ;  how- 
ever, all  these  bodies  are  too  dear  to  admit  of  general  application  in  the  preservatioo 
of  wood. 
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Sftlt  preserves  wood  just  in  the  .«vime  way  as  it  does  meat,  fish,  and  similar 
omterials;  in  moderately  moist  situations,  as  in  certain  mines,  timber  impregnated 
with  salt  leeists  decomposition  for  a  considerable  length  of  time.  Salt  cannot,  how- 
BTor,  be  used  for  this  purpose  in  yery  wet  places,  since  it  would  be  dissolved ^nt,  nor 
»ii  it  be  used  in  places  where  it  would  at  one  time  have  opportunity  to  absorb  water, 
iod  then  again  to  become  dry,  as  this  would  cause  a  crystallisation  of  the  salt  between 
Lhe  llbres  <ff  the  wood  and  be  detrimental  to  its  durability. 

A  number  of  iron  salts  have  been  used  for  preserving  wood.  The  most  useful  of 
these  is  unquestionably  iron  acetate,  obtained  by  dissolving  iron  in  the  impure  acetic 
idd  called  pyroligneous  add,  or  the  aqueous  liquid  obtained  by  distilling  wood,  which 
sootains  besides  acetic  acid  a  number  of  other  substances,  such  as  creosote,  etc.  The 
mine  of  iron  salts  for  preserving  wood  seems,  however,  very  problematic  Watteau 
has  introduced  a  method  of  treating  wood  with  ferrous  sulphate,  but  it  is  not  probable 
that  much  sood  will  be  obtained  &om  it.  The  timber  is  first  impregnatea  with  a 
Bolntion  of  barium  sulphide  (5  per  cent.)  under  a  pressure  of  10  atmospheres,  and  then 
in  like  manner  with  a  solution  of  ferrous  sulphate  of  5  per  cent.  According  to  M. 
Watteau,  the  sulphuric  acid  is  precipitated  within  the  wood  as  barium  sulphate,  and 
ferrous  sulphide  is  produced,  an  excess  of  barium  sulphide  remaining,  which  is 
poisonous  to  insects,  cryptogams,  and  ferments.  Barium  sulphide,  however,  is  rmdily 
deeomposed,  and'  would  be  converted  by  the  air  into  insoluble  or  inactive  barium 
Birbonate,  and  then  the  ferrous  sulphide  would  be  converted  by  the  air  into  sulphate, 
which  ie  most  of  all  detrimentaL 

Cnprio  sulphate  and  rinc  sulphate  act  as  antiseptics  without  exerting  the  in- 
jnrioms  eflfects  produced  by  the  corresponding  ferrous  salt. 

Buie  lead  acetate  forms  with  the  most  easily  decomposable  constituents  of  wood 
insolnble  stable  compounds.  It  penetrates  wood  easily,  and  may  be  used  with  ad- 
ytntage  when  it  can  be  obtained  cheaply. 

Mercuric  chloride  or  corrosive  sublimate  has  long  been  used  for  preserring 
•aatomical  and  botanical  preparations,  and  as  well  as  arsenious  acid  is  sometimes  used 
for  preserring  wood.  The  use  of  both  these  substances,  howeyer,  on  account  of  their 
poisonous  nature,  has  been  now  for  the  most  part  given  up,  since  both  by  the  impregna- 
tion as  well  as  in  the  Airther  working  up  of  timber  thus  treated  the  danger  to  the 
vukmen  is  yery  considerable.  Wood  impregnated  with  corrosive  sublimate,  and 
Vied  in  the  building  of  greenhouses,  was  found  to  be  injurious  not  only  to  creepers 
tiiined  to  the  wood  itself,  but  also  to  the  entire  yegetation  in  such  houses. 

Zinc  chloride  is  an  excellent  preservative  for  timber,  and  is  much  employed  for 
earing  railway  sleepers ;  but  care  must  be  taken  that  it  contains  no  free  hydrochloric 
add. 

Calcium  chloride  is  in  its  action  similar  to  common  salt ;  it  is  used  with  advantage 
fcr  the  hoops  of  casks  deposited  in  dry  places,  since  owing  to  its  hygroscopic  nature, 
it  gives  the  casks  a  certain  degree  of  moisture  and  prevents  their  shrinking. 

It  has  been  already  mentioned  that  the  perishable  nature  of  wood  is  due  to  the 
Mititoents  of  the  sap,  which  are  in  themselves  of  a  decomposable  nature  and  impart 
^Ui  property  to  the  wood  itself.  This  tendency  to  decomposition  is  fayoured  by  the 
^^  that  certain  oonstitutents  of  the  sap  possess  the  property  of  absorbing  moisture 
*veQ  frotin  moist  air.  Neither  fermentation  nor  decomposition  can  take  place  in  the 
■^■•ttee  of  water,  and  hence  many  methods  are  employed  either  to  alter  the  nature  of 
]^  cwistitntents  of  the  sap,  and  render  them  less  hygroscopic  by  baking,  surfece 
f^Xring;  or  smoking,  or  the  sap  constitutents  are  expelled  as  far  as  possible  by  steara- 
■^thswood. 

.  In  baking  wood  care  must  be  taken  to  dry  it  well  before  submitting  it  to  the 
l^^^hie  process,  otherwise  the  wood  would  crack  and  s|>lit.  Well-dried  wood  is  placed 
S  %  onck  chamber,  into  which  a  stream  of  hot  air  is  forced  by  means  of  a  l^last 
F^  air  is  heated  by  forcing  it  through  a  fire,  the  gaseous  proaucts  of  combustion 
rJ^Mt  then  passed  into  the  drying  chamber,  so  that  the  effect  of  smoking  is  connecterl 
^^  that  of  baking.  Care  has  to  be  taken  by  means  of  proper  regulation  of  the  heat 
H?^  Ijj  yentilAtion  that  the  temperature  of  the  wood  is  raised  veijr  Bradually,  other- 
1?*^  n  is  certain  to  crack,  and  that  no  sparks  from  the  fire  are  carriea  into  the  drying 
■^^bsr. 

^^filaking  causes  wood  to  shrink,  the  tissues  become  denser,  the  juioes  are  altered  in 
r^lKwittoin,  and  the  wood  is  rendered  more  durable.  Tu  obtain  good  results,  the 
fS^lsesatnie  must  be  finally  raised  so  high  that  the  surface  of  the  wc^  appears  of  a 
^**Ow  or  brownish  hue. 

^!he  steaming  of  wood  is  carried  out  in  the  way  already  mentioned  in  treating  of 

^  Impregnation  of  wood ;  when  however  steaming  is  the  only  prest'rvutive  employed, 

^^^qnires  to  be  continued  for  a  longer  time.    Steam  either  under  high  or  ordinary 

^^         is  marie  to  act  upon  the  wrx)d  until  the  condcuMd  water  runs  ofiT  colourless. 
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or  until  it  ceases  to  extract  colouring  matters.  According  to  Prechtl  it  is  well  to 
cause  vapour  of  tar  to  act  upon  the  wood  together  with  steam,  which  is  effected  by 
placing  a  small  quantity  of  tar  in  the  boiler  as  soon  as  the  condensed  water  from  the 
wood  runs  off  colourless ;  the  tar  vapour  passing  over  with  the  steam  penetrating  the 
wood  and  giving  it  greater  durabilitv.  Steamed  wood  dries  well  without  distortion  ot 
Cfacking ;  before  drying  it  is  soft  ana  pliable,  and  may  be  bent  into  any  desired  shape. 
This  property  of  steamed  wood  is  taken  advantage  of  in  bending  the  staves  of  cades 
and  tne  fellies  of  wheels,  etc  After  cooling  and  drying,  sudi  wood  assumes  its 
original  hardpess. 

Aeoording  to  a  process  introduced  by  Ghemall^  wooden  bolts  and  wedges  are 
rendered  very  hard  and  durable  b^  steaming  and  smoking.  They  are  first  steamed 
and  then  soaked  in  a  bath  of  hot  oil  or  coal  tar ;  while  still  hot  they  are  submitted  to 
strong  pressure  in  a  specially  constructed  machine,  and  thus  reduced  20  per  cent,  in 
volume.  A  machine  of  the  kind  made  by  Bansome  and  May  in  Ipswich  produces 
18,000  finished  bolts  every  10  hours. 

Surface  charring  has  been  long  employed  for  preserving  wood.  Posts  that  are  to 
be  placed  in  the  earth  are  previously  burnt  at  their  lower  extremities,  by  which  means 
the  essential  aim  of  baking  is  attained.  A  century  ago  a  trial  of  ^is  method  was 
made  for  preserving  the  keels  of  ships ;  the  result  was  &vouzable,  but  the  process  was 
not  further  carried  out,  probably  on  account  of  fire  risks. 

A  gas  finme  is  made  to  play  upon  the  part  of  the  ship  to  be  charred.  The  gas  is 
contained  in  wrought-iron  cylinders  filled  at  the  gasworks  imder  a  pressure  of  11 
atmospheres.  Under  the  ordinary  pressure  of  the  atmosphere  each  cylinder  holds 
26*487  cubic  feet  of  gas.  The  cylinders  are  brought  from  the  gasworks  to  the  diip 
yards  on  cars,  and  are  there  connected  with  a  regulator,  which  admits  of  the  gas 
escaping  from  them  under  a  pressure  of  about  one  inch  of  water.  The  gas  is  con 
ducted  by  means  of  india-rubber  tubes  horn  the  cylinders  to  the  burners,  which  are 
connected  with  a  blast,  by  which  a  large  and  hot  fiame  is  forced  against  the  part  of 
the  ship  that  is  to  be  charred.  One  square  yard  of  surface  requires  5*88  cubic  feet 
of  gas. 

The  same  process  has  been  employed  with  success  bv  Lapparent  for  disinfectini; 
the  interior  of  ships.  The  methoos  formerly  considered  sufiodent,  such  as  thorough 
washing  and  disinfection  with  chlorine,  or  painting  over  with  chloride  of  lime,  have  all 
been  found  to  be  comparatively  inefficient. 

The  charring  of  the  interior  of  ships  causes  a  quick  evaporation  of  the  absorbed 
moisture,  when  a  torrification  of  decomposable  substances  or  spores  and  germs  of 

C*  ts  and  animals,  and  finally  a  partial  dry  distillation  of  the  wood,  by  which  it 
mes  charged  with  pyroligneous  acid,  creasote,  hydrocarbons  and  other  antiseptic 
substances. 

The  apparatus  employed  is  the  same  as  that  used  in  charring  the  exterior  of  ships. 
A  couple  of  workmen  are  required,  the  one  to  regulate  the  fiame  and  the  oUier  tne 
blast ;  they  can  easily  char  12  sq.  yards  in  10  hours,  using  d'88  cubic  feet  of  gas  per 
square  yaid.  Not  only  are  the  wooden  parts  of  ships  thus  treated,  but  the  iron  heads 
and  bolts  and  other  iron  portions  of  the  vessels  are  also  submitted  to  the  same  opera- 
tion, the  rusted  sur£Eice  of  which  is  especially  suited  for  harbouring  spores  and 
germs.  The  unequal  expansion  of  the  metal  and  of  the  rust  attached  to  it  ciuses  the 
latter  to  fall  off  in  large  pieces. 

Iron  ships  are  also  treated  in  like  manner ;  the  greater  capacity  of  the  metal  for 
conducting  neat  requires,  however,  a  stronger  blast  and  greater  consumption  of  giis 
than  is  required  in  treating  wooden  vessels.  Experiments  made  at  Woolwich  ^dlowe'J 
that  iron  ships  require  a  consumption  of  gas  equal  to  7'3o  cubic  feet  per  sqnare 
yard. 

Since  the  use  of  illuminating  gas  would  for  many  pun)ose>:  be  too  expensive,  it  has 
been  replaced  by  oils,  the  heavy  hydrocarlxtiis  obtained  trom  coal  tar ;  common  kinds 
of  fhel,  coal,  and  even  coke,  is  burnt  in  a  specially  constructed  apparatus  in  such  a  way 
that  a  lengthened  fiame  is  obtained.  This  kind  of  apparatus  is  used  for  the  sui&ce 
charring  of  railway  sleepers,  telegraph  posts,  etc. 

The  heavy  hydirocarbons  have  been  employed  by  Lapparent.  These  oils  can  be 
used  with  advantage  for  charring  wood,  since  the  smoke  they  produce  does  not  interfere 
with  their  application,  and  by  means  of  suitable  apparatus  the  smoke  may  also  be 
burnt  and  used  as  fuel. 

For  this  purpose  Lapparent  constructed  a  lamp  of  peculiar  construction,  the  chief 
feature  of  which  is  a  large  cylindrical  hollow  wire,  through  which  air  is  passed  by 
means  of  a  concentric  tube  and  a  blast.  The  oxygen  of  the  air  effects  the  complete 
combustion  of  the  carbon  of  the  hydrocarbons,  so  that  a  large  and  almost  smokeless 
fiame  of  a  very  high  temperature  is  produced  which  is  made  to  play  upon  the  soifMe 
to  be  charred.    When  stakes  and  such  articles  are  treated,  the  lower  ends  an  placed 
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il  Tolnma  of  b«BTj  petroleum,  which  doea  not  igaiU  apaaUnsoiul;  uiioa 
;  >  IniTDmg  niliiit. 

lui  Byi  ebaxnug  railway  aleepen,  etc  conatnicted  bj  Engon,  ia  repre- 
t  new  b;  flg.  *35,  aiid  id  end  view  by  Bg.  136. 

of  a  eait-inm  cylinder  {l\  forniihed  ftbcne  with  k  tube  (y),  which 
introduftion  of  the  fueL  At  the  other  end  of  the  cylindet  ia  an  apm- 
im  fignn  closed  with  a  lid  and  acrew  fbr  drawiog  ont  the  asti.  The 
boMibla  gaa  escape  at  the  mouth  of  a  tube  2  ioclws  wide,  at  the  upfiei 
indar  ;  oppoaite  the  tab  dooi  there  is  a  borizoDtal  tube  connected  with 
ihiue  by  means  of  a  caoatchouc  tabe.     A.  small  tube  (/)  is  inserted  into 
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<  and  serves  for  ii^ecting  a  fine  stream  of  water  into  the  red-hot  fnel. 
1  by  causing  the  lever  which  movM  the  blast  to  pn'ss  upoo  a  piston  in 
I  (b),  bo  thiiC  in  proportion  to  the  action  of  the  blast  the  required 
itor  ia  injected  into  the  flrs.  The  fiirnace  (a)  is  supported  bj  the  cy lin- 
ble  upon  its  aiia,  bj  the  means  of  the  lever  (p)  and  the  wmglit  (o),  sobs 
e  entire  furnace  being  raised  or  lowered  to  ^ve  the  flame  any  desired 
IB  blowing  apparatoa  (d)  ia  furnished  with  air  chambers  bj  means  of 
in  blast  may  be  produced. 

I  apparatus  going,  amaO  piecea  of  wood  are  thrown  into  the  fomaca  (a) 
ih  hole;  this  ia  ignited  and  the  furnace  i  a  half  flllnd  through  tha  opening 
peninfB  remiiin  open,  the  dnught  then  afTecting  combustion  ;  both  apan- 
iloteoand  the  blast  set  going.  The  air  passing  orer  the  ignited  fuel 
I  combustion  and  causes  a  strong  flame  to  issae  from  the  exit  tube. 
Ltila  portions  of  the  coal  are  destroyed,  I  he  residue  remaining  in  the  cylin- 
'  ookt,  which  bums  almost  without  Bame.  At  this  point  the  pisUn  of 
k  is  connected  with  the  connecting  rod  of  the  bloat,  and  Ihe  cock  (r) 
a  inject  a  flne  stream  of  water  upon  the  coke.  The  water  ia  at  once 
.  vspour  and  decomposed  by  the  red-hot  coke  into  hydrogas  and  car- 
whicb  in  contact  with  the  red-hot  coka  takea  up  carbon  and  forma  car- 
L  combustible  gaa  ia  thus  obtained  which  isauee  &om  the  exit  tube  and 
ong  and  intense  flama.  It  is  true  (hat  the  conversion  of  carbon  into 
doea  not  effect  the  most  economical  uae  of  combostjon  heat  of  coke, 
in  view  ia  attained,  viz.  the  production  of  a  Bama  large  enough  to 
hce  to  be  charred.  The  siaepara  (b)  to  be  charred  rest  upon  matal 
)ort«d  by  the  fiBme  (□).    Tha  rollers  ora  set  at  a  distance  of  6  inches 
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from  UlB  burner  at  the  furuBce.     The  tleepi"™  are  B3tpo«ed  to  the  Mtion  long  enoagb 

to  ehw  tb«  nirhce  aa  required,  bj  pushing  them  slovlj  or  quicklj  alnog  the  ndlcM. 

Sj  mining  or  lowering  the  fumtice  the  woikman  i»  eblo  to  guide  the  flame  dinetlj 

apon  the  wood,  so  aa  to  eponomiao  the  heat. 

In  charring  cjlindrical  atakea,  auch  an  telegraph  po«ta,  the  apparatau  repnMDt«d 

bj  fig.  487  may  be  conrenientlj  smpioTed.  It  »  fitileoed  at  c  to  the  ra^oit  (o 
fig.  435),  and  eoniiate  of  an  iron  pillar  tnming  npoD  the 
ptfint  (o),  the  upper  put  of  which  ia  fOmiahed  witli  a  ^cca 
of  ehpet  iron  bent  so  ai  to  form  a  gutter.  The  portion  of 
the  stake  or  part  to  be  charred  ia  bud  in  thii  gnttar,  thr 
flnme  made  to  plar  upon  it  and  the  gutter  mond  alowly 
fbrwarda.  The  dama  bends  itself  in  the  ahape  of  the 
gutter,  thua  playing  liompletelj  round  the  itake  or  pMt, 
charring  it  e^o^lj,  without  it  being  neeeewt^  to  gire  it  a 
rotatory  motiou.  The  end  of  the  poet  which  ia  to  b* 
plncod  in  (hs  earth  requira  more  complete  charfing,  &■ 
which  purpose  it  ia  again  eipoeod  to  the  actjon  c*  tlta 
flame  after  the  whole  poet  hai  bepn  charred;  thia  is  done 
by  turning  the  whole  apparatus  at  ■  right  angle  inuid  o, 
1^  meana  of  the  lerer  (k),  io  that  the  entire  end  of  tbi 
poet  is  eipiwed  to  the  Ml  action  of  the  flame. 

In   mining  and  excavations  for  railway  worka,  etc, 

rocks  are  often  met  with  which  are  so  hard  that  bc^ng  ii 

Tcr;  expensive,  and  blasting  effects  ouly  the  looMning  of 

MS  thf  cohesion  of  (he  rock  may  be  considerably  looawied 

is  known  and  emdoyed  ages  ago.  but  ha*  hoen  almoet 

pFrfectnesa  of  the  <Jd  metfaod.     More  recently  the  appli- 


Fio.  4ST. 
■mall  piecea.     In  such  ct 
by  means  of  heaL     This  fai 
neglected  on  account  of  Che : 
catien  for  thia  purpoae  of  an  apparatns  similar 
ployed  wit" 


that  described  for  charring  timbe 
has  been  employed  with  great'saccesa. 

The  apparatus  is  represented  by  flg.  43S.  It  conaiats  of  a  furnace  (a),  the  five  part 
if  which  IS  tnraed  towiirds  the  rnrt  of  the  rodi  to  be  heatad,  and  in  front  of  tbeopea- 


Th* 
ider  part  is  also  i\imiehed  with  a  blast  nozzle  connected  by  means  of  tnbinir  «  ~  ' 
blowing  appuntna 

Dry  wood  is  ignited  in  the  tnrnace,  air  being  allowed  to  enter  very  slowly,  aad 
coal  is  then  thrown  in  thmngb  the  opening  (k)  ;  when  the  first  poitiona  of  coal  are 
ignited,  fresh  coal  is  added  until  the  furnace  ii  completely  full.  After  about  15  ot 
20  miimte)!,  when  the  eonl  is  qnile  red  hot.  the  month  of  the  furnace  is  placed  againtt 
the  rock  to  be  loosened,  and  air  is  forced  in.  The  air.  as  in  the  apparatua  aborr 
deteribed,  eondnebi  water  to  the  flra,  which  drops  through  the  oock  (*]  into  the  blatf 
nonle  ;  this  cauaaa  n  large  S^me  to  iniue  from  the  mouth  of  the  ftirtuue,  and  play 
over  the  surface  of  the  rock,  heating  it  so  considerably  that,  in  conaequence  of  uneqnd 
'a  short  time  pieces  of  mcklooaen  and  fall  away.  Whan  the 
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rock  is  very  hard,  it  often  happens  that  pieces  of  rock  nre  ejectod  with  sniftcient 
violence  to  cause  injury  to  the  workmen. 

So  soon  as  the  work  begins  to  split  and  show  cracks,  the  furnace  is  removed  to 
another  spot  and  the  flame  made  to  play  upon  new  portions  of  rock.  The  heated 
rock  is  then  chilled  with  cold  water,  and  can  be  easily  removed. 

For  loosening  rocks  which  offer  difficulties  in  blasting,  this  apparatus  is  three  or  four 
times  as  effective  as  blasting  powder.  It  is  only  necessaiy  to  adapt  the  dimension 
of  the  furnace  to  the  hardness  of  the  rock,  the  siise  of  the  sur&oe  to  be  loosened,  etc. 
In  experiments  made  at  Echallange,  with  quartz  rock  containing  galena,  there  was 
excavated  in  a  gallery  during  54  working  hours  a  space  5  ft.  high,  4|  ft  wide,  and 
6 1  ft.  long. 

A  new  industry  started  by  Latty  in  Grenelle  has  recently  attained  a  certain 
importance.  It  consists  in  condensing  the  sawdust  firom  rosewood,  and  using  it 
for  imitations  of  carvings  in  ebony,  mosaic  work,  dice,  etc.  The  sawdust  is  for  this 
purpose  carefully  sifted  and  mixed  with  }  to  ^  of  its  volume  of  blood,  previously  so 
£&r  diluted  with  water  as  to  admit  of  the  entire  mass  of  sawdust  being  completely 
moistened  by  it  The  mixture  is  spread  out  upon  hurdles,  and  dried  in  a  kind  of 
oven  in  a  current  of  air  of  a  temperature  of  45®. 

After  cooling,  a  friable  mass  is  obtained  which  is  then  worked  up.  For  this 
purpose  strong  cast-iron  boxes  are  employed,  the  bottom  of  which  is  Ainiished  with 
the  matrix  of  the  object  to  be  moulded.  The  matrix  is  then  covered  with  the 
powdered  mass  and  tnis  stamped  in  under  a  pressure  of  500  tons ;  the  space  left 
after  removal  of  the  pressure  is  filled  in  with  more  powder  and  then  again  pressed, 
the  operation  of  filling  and  pressing  being  continued  until  the  matrix  is  quite  ftdl. 
The  compressed  mass  is  then  heated  to  175®f  by  placing  red-hot  bolts  2^  in.  thick  in 
special  apertures  of  the  iron  moulds,  which  communicate  their  temperature  to  the 
pressed  powder.  The  high  temperature  and  pressure  is  kept  up,  according  to  the 
size  of  the  object  to  be  moulded,  from  half  an  hour  to  an  hour.  The  condensation  is 
so  considerable  that  the  moulded  objects  acquire  an  apparent  specific  gravity  of 
1*300,  while  rosewood  has  a  specific  gravity  of  0*800 ;  their  hardness  is  so  great  that 
they  admit  of  being  cut  and  polished  like  ebony.  Wood  thus  prepared  is  extensively 
employed  for  different  articles  of  elegant  cabinet  work. 

The  union  of  the  wood  particles  is  effected  by  the  blood  fibrin,  softening  at  a 
temperature  of  17^^  and  hardening  to  a  solid  mass  upon  cooling ;  besides  this,  there 
is  no  doubt  that  a  resinous  substance  which  is  present  in  laige  quantities  has  also  an 
influence.  Fktyen  ext.racted  ^m  rosewood  by  means  of  alcohol  35  per  cent  of  a 
resinous  substance. 


PAPER 

MIstorj* — In  the  earliest  periods  of  civilisation,  paper  was  perfectly  unknown. 
The  oldest  writings  were  not  traced  upon  paper,  but  upon  stone  and  tiles;  after- 
wards wood,  barks,  leaves,  and  also  bones,  skins,  metal  plates,  etc.,  were 
used.  In  the  time  of  Alexander  the  Great,  papyrus,  prepared  principally  in 
Alexandria  from  a  plant  growing  on  the  banks  of  the  Nile,  came  into  use.  Accord- 
ing to  Pliny  a  layer  of  fibres  was  placed  side  by  side  and  close  together  upon  a  board ; 
another  layer  was  then  placed  transversely  over  these ;  the  whole  was  then  moistened 
with  water,  or  with  a  solution  of  sugar  containing  vinegar,  and  so  pressed  together 
by  rubbing  with  a  burnisher  or  beating  with  a  luunmer  as  to  become  united  into  one 
sheet.  Such  was  the  composition  of  the  paper  upon  which  the  works  of  Cicero  and 
Virgil  ware  written. 

Parchment  also  was  in  early  times  and  is  still  used  for  writing  upon.  It  is 
said  to  have  been  discovered  in  the  third  century  b.c.  by  Eumenes,  King  of  Pergamos. 
It  was  prepared  from  the  skins  of  asses,  sheep,  pigs,  ffoats,  and  other  animals,  a 
material  that  had  been  used  before,  but  in  a  less  prepared  condition. 

The  discovery  of  the  preparation  of  paper  nrom  vegetable  fibre  and  tissue  must 
be  attributed  to  tlie  Chinese,  who  have  practised  the  art  for  two  thousand  years,  and 
lit  the  present  time  produce  the  finest  varieties  of  paper.  Their  method  is  still 
nearly  the  same  ns  at  first,  and  as  imperfect  as  that  which  is  still  current  in  many 
of  our  paper  mills  in  the  preparation  of  the  so-called  hand-made  paper.  The  Chinese 
method  of  making  paper  was  known  in  Persia  a.d.  650,  and  it  was  introduced  from 
there  into  Arabia  al>out  a.d.  700.  The  Arabians  transplanted  it  into  Spain,  from 
whence  it  spread  into  France,  Germany,  and  England.  The  first  paper  manufactories 
in  France  were  established  at  the  commencement  of  the  fourteenth  century  at  Troyes 
and  Bssones.     In  Germany,  manufactories  were  established  at  Ravensburg  in  1290, 
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Eanffbenren  in  1812,  Nuremberg  in  1319,  and  Angsbnig  in  1320.  The  Eng^iih 
paper  maniifactories  had  their  origin  later,  in  the  fifteenth  or  sixteenth  century.  In 
Holland  the  manufacture  was  very  umah  perfected  at  a  comparatively  early  period, 
and  an  apparatus  called  a  hoi  lander  was  inyented  for  tearing  the  rags  by  means 
of  cylinders  having  sharp  ridges,  instead  of  the  previous  very  t^ious  way  of  disinte- 
grating them  by  mallets.  Paper  was  first  dried  by  means  of  cylinders  heated  by 
steam  at  Crompton. 

A  considerable  advance  in  the  paper  manufacture  resulted  from  the  disooveiy  of 
the  artificial  preparation  of  soda,  as  well  as  the  artificial  bleaching  materials,  chlorine 
and  the  hypochlorites.  The  latest  revolution  in  the  art  of  paper  making  has  been  in 
the  use  of  substitutes  for  rags,  especially  of  wood  and  straw. 

Composltioii  and  Propertles|. — Paper  is  to  be  considered  as  a  felt-like  coherent 
mass  of  fine  vegetable  fibres.  The  vegetable  fibre,  or  its  tissue  as  it  occurs  in  nature, 
is  submitted  to  a  thorough  purification  to  tree  it  from  foreign  constituents ;  it  is  then 
brought  to  a  state  of  fine  division  and  stirred  up  with  water  to  a  paste,  which  is 
spread  out  over  an  even  surface,  where,  u^n  the  removal  of  the  water,  the  intertwined 
fibres  remain  united  into  a  uniformly  tmck  solid  mass.  Paper  made  tram  vsgetable 
fibre  consists  consequently  of  the  purest  possible  cellulose. 

The  most  essential  properties  of  paper,  by  which  its  quality  is  estimated,  are  its 
firmness,  smoothness  and  glossiness  of  surface,  its  colour,  transparency  and  durability. 
Paper  should  offer  a  certain  amount  of  resistance  to  tearing.  For  some  purposes  it 
must  possess  a  rough  surface  and  be  opaque ;  for  others  a  smooth  and  transparent 
paper  is  required.  It  is  very  essential  for  writing-paper  that  it  should  retain  its 
colour  and  firmness  as  long  as  possible. 

Vreparatlonf  Materials. — ^In  the  manufiicture  of  paper,  vegetable  fibres  are 
almost  exclusively  used,  as  they  possess  in  a  much  higher  degree  tha^  do  animal 
fibres  the  property  of  being  worked  up  into  a  closely  felted  sheet.  These  fibres  occur 
either  as  the  refuse  of  worn  out  tissue,  as  rags,  or  they  are  prepared  specially  for  thd 
paper  manufacture,  and  are  then  called  surrogate.  In  rags  two  kinds  of  fibre- 
tissue  have  to  be  dealt  with,  linen  and  cotton. 

The  fibres  of  linen  are  round  tubes  with  thick  walls,  formed  of  concentric  layers 
of  cellulose.  The  density  of  these  tubes  increases  from  within,  or  the  newer  forma- 
tion, to  the  outer  or  older  parts.  Each  separate  fibre  is  pointed  at  both  ends,  hss  a 
smooth  surface,  is  fiexible,  and  is  so  firm  that  it  will  undergo  considerable  pressure 
without  being  crushed  or  pressed  fiat 

Cotton  fibres  also  are  formed  of  small  tubes,  the  walls  of  which  are  much  thinner 
than  those  of  linen.  Consequently  these  fibres  possess  much  less  firmness,  and  by  a 
slight  pressure  are  pressed  together  into  a  sort  of  band.  Whilst,  too,  the  linen  fibre 
is  pointed  at  both  ends,  the  cotton  fibre  is  pointed  only  at  one  end.  These  two  condi« 
tions  cause  the  felting  of  cotton  fibres  to  be  more  difficult  and  less  close,  and  therefbors 
cotton  rags  are  not  so  suitable  to  the  paper  manufacture  as  linen  rags ;  the  lattat 
yielding  a  closer  and  smoother  paper. 

Woollen  and  silk  stuffs  are  not  suitable  for  the  paper  manufacture.  Their  fibres 
are  not  hollow ;  they  are  consequently  too  rigid  and  hard.  They  are  only  used  fbr 
making  packing  papers.  In  recent  years  the  substitutes  for  rags  have  beeome  of 
greater  importance  to  the  paper  manufacture,  and  especially  among  these  wood  and 
straw. 

The  kinds  of  wood  especially  suited  fbr  the  paper  manufacture  are  those  which 
are  least  compact  in  structure,  so  that  they  can  eaiaily  be  brought  into  a  finely  divided 
condition.  They  are  principally  light  woods,  such  as  the  fir,  pine,  poplar,  birch, 
lime,  hornbeam,  etc. 

In  the  preparation  of  wood  for  the  manufacture  of  paper,  the  individual  fibres 
have  to  be  isolated  as  much  as  possible,  and  freed  from  incrusting  material,  such  as 
resin,  albumen,  tannin,  oil,  etc  This  is  effected  either  by  mechanical  or  chemiosl 
methods,  or  by  the  aid  of  both. 

Prbpabation  of  Subboqatb  bt  MBCHAKICA.L  TitBATiffsifT. — ^Thc  most  remark- 
able mechanical  method  of  preparing  wood  was  introduced  by  Woelter,  of  whose 
machines  a  great  number  are  in  use  in  Germany,  Belgium  and  France.  By  this 
method  the  wood  is  ground  under  a  continuous  jet  of  water,  the  wood  being  pressed 
agiiinsu  the  grindstone  parallel  to  the  fibres  or  the  axis  of  the  tree.  The  apparatos 
consists  of  three  principal  parts :  the  defibrator,  which  is  a  grindstone  of  sandstone, 
having  a  surface  sufficiently  rough  to  tear  and  disintegrate  the  fibre  of  the  wood 
pressed  against  it ;  the  purifier,  or  sorting  apparatus,  a  series  of  drums  provided  with 
metal  sieves  of  various  sised  meshes,  through  which  the  fibres  suspended  in  the  water 
are  deposited  in  different  heaps ;  and  the  refiner,  by  which  the  inferior  and  coarser 
woody  fragments  are  converted  into  a  fine  paste. 
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The  deflbrator  consists  of  a  grindstgne,  4  ft.  in  diameter  and  16  in.  thick.  Its 
axis  lies  horisontally  in  two  cast-iron  sockets.  It  makes  150  reyolutions  a  minate, 
for  which  a  driving  force  equal  to  45  to  55  horse-power  is  required.  A  machine 
of  50  horse-power  (mly  yields  about  half  a  ton  of  marketable  wood  fibre  daily.  This 
considerable  consumption  of  force  in  comparison  with  the  yield  limits  the  use  of  the 
machine  to  districts  where  there  is  an  abundance  of  water  power  and  wood.  Orer 
the  grindstone  are,  according  to  its  size,  five  or  more  iron  chests.  The  wood  to  be 
disintegrated,  sawn  into  pieces  about  14  in.  long,  is  laid  in  these  chests  with  its 
fibres  parallel  to  the  axis  of  the  grindstone,  against  which  whilst  rotating  it  is  pressed 
by  a  spiral  arrangement  that  pushes  the  wood  forward  at  the  rate  of  from  1  to  3  ft. 
per  hour.  AboTe  the  grindstone  are  also  two  cocks  through  which  water  is  allowed 
to  run  in  sufficient  quantity  to  keep  the  rubbing  surface  always  wet.  The  wood  paste 
flows  away  into  a  reservoir  placed  underneath  the  stone. 

The  epurateur  or  sorting  apparatus  consists  of  a  series  of  troughs  each 
provided  with  a  drum  sieve  with  its  axis  fixed  horizontally.  These  drums  are  1  foot 
m  diameter,  31  ft.  in  length,  and  are  completely  covered  with  wire  gauze,  each  drum 
in  succession  naving  finer  gauze  than  its  predecessor.  The  wood  paste  from  the 
reservoir  is  run  through  a  coarse  sieve,  which  retains  the  largest  pieces,  and  then 
allowed  to  stand  a  shcfft  time  in  a  settling  tank,  during  which  time  especially  any 
sand  that  may  have  been  derived  from  the  grindstone  is  deposited.  The  paste  ipaaaef 
from  here  through  the  drum  sieve  of  the  first  sorting  trough.  A  portion  of  the 
woody  fibre  remains  behind,  but  the  finer  fibre  passes  through  the  gauze  and  the 
hollow  axis  of  the  drum  into  the  second  trough,  where  another  portion  is  retained. 
This  is  repeated  until  the  last  drum  of  the  series  is  reached,  through  which  only  water 
should  pass,  the  meshes  being  sufficiently  fine  to  retain  tiie  finest  fibre.  The  rate 
of  rotation  of  the  drums  varies:  the  first  makes  30  to  36,  the  second  15  to  18,  the 
third  and  fourth  18  to  20,  and  the  fifth  15  revolutions  per  minute.  The  wood  fibre 
accumulating  on  the  exterior  is  scraped  o£f  by  means  of  a  small  cylinder,  and  thrown 
into  a  collecting  vessel. 

The  raff  incur  consists  of  two  mill-stones,  the  lower  of  which  is  stationary,  the 
upper  rotating  upon  it.  Into  this  apparatus  are  placed  the  portions  of  fibre  retained 
by  the  first,  or  tot  and  second  drums,  and  ground  into  a  fine  paste,  which  is  brought 
again  into  the  sorting  apparatus.  The  loss  of  wood  by  Woelter's  method  amounts 
to  50  per  cent. 

The  greatest  difficulty  in  the  preparation  of  ground  wood  stuff  is  the  impossibility 
of  bleaching  it  with  chlorine  or  chloride  of  lime,  which  would  colour  the  wood  fibre 
yellow  or  brown.  If  on  the  other  hand  an  unbleached  wood  fibre,  perfectly  white  in 
appearance,  be  used,  the  paper  prepared  from  it  darkens  veiy  rapimy  when  exposed 
to  the  light.  A  good  bleaching  material  for  ground  wood  fibre  has  yet  to  be  dis- 
covered. Sulphurous  add  imparts  to  it  a  light  yellow  colour ;  oxalic  acid,  which  has 
been  recommended  in  several  quarters,  has  scarcely  any  action. 

Falkenhayn  has  patented  in  Bavaria  a  wood  disintegrating  machine,  in  which  the 
wood  is  rasped  by  pressure  against  a  cast-iron  cylinder  set  with  steel  saw-like  teeth. 
The  mass,  in  the  condition  in  which  it  comes  from  the  cylinder,  can  be  used  as  an 
addition  to  ordinary  paper  paste.  In  order  to  make  it  available  for  finer  paper,  it  is 
passed  between  two  spirally  channelled  cast-iron  cylinders.  By  this  machine  half  a 
ton  of  pine- wood  can  be  disintegrated  in  twenty-four  hours.  Similar  wood  disin- 
tegrating machines  are  still  constructed  in  great  number.  One  that  is  highly  spoken 
of  was  exhibited  by  Decker  and  Co.  at  the  Paris  exhibition  of  1867. 

The  rasped  wood  stuff  is  inferior  in  quality  to  the  ground,  the  separate  fibres 
being  so  much  broken  up  that  their  capability  of  felting  is  much  diminished,  and  the 
paper  is  not  so  strong. 

PsKPABATiON  OP  Stbrooatb  bt  Chkmical  Tbbatmbnt. — For  a  long  time 
chemical  agents  have  been  used  to  free  the  cellulose  of  wood,  straw  and  many  other 
vegetable  tissues  from  the  incrusting  materials,  and  to  prepare  it  in  a  pure  condition. 
These  methods  can  in  some  measure  be  made  useful  in  the  preparation  of  wood  for 
the  paper  manufacture. 

In  the  manufactory  at  Pontcharra,  Messrs.  Orioli,  Neyret,  and  Fr^et  treat  slices  of 
wood  one-fifth  of  an  inch  thick,  or  wood  shavings,  at  a  warm  temperature  with  a  kind  of 
aqua  regia,  then  in  a  closed  double-sided  vessel  with  ammonia  or  soda,  and  thus  free  the 
wood  from  the  incrusting  material.  A  subsequent  bleaching  process  with  chloride  of 
lime,  and  washing,  suffice  to  produce  a  beautiful  white  and  pure  wood  stuf^  which 
fimns  an  excellent  substitute  for  rags.  The  proportions  for  the  aqua  regia,  according 
to  Orioli,  are  one  part  of  nitric  acid  to  four  parts  of  hydrochloric  acid.  If  more 
hydrochloric  add  be  used  the  wood  is  turned  brown. 

In  the  method  of  treating  with  aqua  regia  in  the  cold,  the  well-dried  slips  of 
wood,  one-flfth  of  an  inch  thick,  are  placed  in  a  mixture  of  94  parts  of  strong 
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hydrochloric  acid  (sp.  gr.  1*160)  and  6  pacts  of  nitric  acid,  contained  in  an  aarthen- 
ware  Teasel  capable  of  holding  about  200  gallons,  and  left  in  contact  with  the  aqua 
regia  during  six  to  twelye  hours.  The  wood  absorbs  about  50  per  cent,  of  its 
weight  of  the  acid ;  the  excess  of  add  is  mixed  with  fresh  aqua  regia  and  used  in  a 
subsequent  operation.  A  portion  of  the  colouring  substances  is  changed  into  picric 
acid ;  the  incrusting  material  is  partly  dissoWed  and  partly  converted  into  a  ■woble 
condition  ;  whilst  t£e  fibrous  cell  substance,  with  careful  treatment,  is  not  attadnd. 

The  method  of  treatment  with  hot  aqua  regia  is  to  be  preferred  to  the  foragoinig, 
because  by  it  the  cellulose  is  more  preserved,  whilst  the  foreign  substances  are  mote 
strongly  attacked.  For  100  parts  of  wood  about  260  parts  of  aqua  regia,  or  sufficient 
to  dip  Uie  whole  of  the  wood  slips  in  at  once,  are  taken.  The  liquor  oonsiata  of  6 
parts  of  strong  hydrochloric  acid,  4  parts  of  nitric  add,  and  250  parts  of  water.  The 
entire  operation  is  carried  out  in  a  wooden  trough,  the  bottom  ox  which  consiBtB  of  a 
granite  slab  cemented  to  the  edge  of  the  wooden  trough  with  caoutchouc  As  soon 
as  the  trough  is  prepared  with  thelaqua  regia  and  wood,  steam  is  passed  in  through 
a  wooden  pipe,  at  the  end  of  which  is  a  ytdve  to  prevent  the  aqua  regia  from  flowing 
into  it. 

After  treatment  with  either  cold  or  hot  aqua  regia  the  excess  of  add  is  poured 
off,  and  the  woody  mass  is  washed  in  the  same  vessel  several  times  with  fresh  water. 
The  washed  slips  of  wood  are  then  crushed  into  a  brown  mass  bv  means  of  verticallj 
placed  granite  mill-stones,  again  washed  with  cold  water,  and  finally,  in  order  to 
remove  the  last  trace  of  acid,  treated  with  a  small  quantity  of  milk  of  lime. 

In  the  washing  with  alkaline  liquor  tfiereisused  in  the  manu&ctoryatPontchana 
an  apparatus  invented  by  Neyret,  Oriolo,  and  Fr^et.  It  consists  of  a  strong  rotating 
iron  cylinder,  13  ft.  4  in.  long  and  6  ft.  in  diameter,  resting  on  its  axis  in  a  stzons 
iron  frame.  The  rags  or  wood  stuff,  as  well  as  the  alkaline  wash  liquor,  are  intfodueed 
through  a  manhole.  The  cylinder  is  surrounded  by  a  jacket,  leaving  a  spaee  into 
which  steam  can  be  introduced.  The  steam  enters  through  the  hollow  azia,  and  a 
stufiSng  box  into  this  space ;  the  condensation  water  flows  back  into  the  steam  chest 
through  the  steam  pipe.  In  this  manner  the  inner  cylinder  is  heated  over  its  entiis 
sur£euse.  A  too  great  loss  of  heat  is  prevented  by  a  wooden  shell  covering  the  ontaids 
cylinder,  and  over  this  again  is  a  thm  tarred  sneet-iron  case.  During  the  wodmv 
ue  manhole  of  the  inner  cyk'nder  is  dosed  air-tight.  A  cock  above  is  available  for 
the  recovery  by  distillation  of  ammonia  when  it  is  used ;  whilst  a  cock  at  the  bottom 
of  the  cylinder  is  used  for  drawing  off  the  liquor  fireed  from  ammonia,  or  the  soda 
ley  when  soda  is  used. 

As  the  operation  is  effected  in  a  closed  vessel,  this  apparatus  is  especially  suitaUs 
for  the  use  of  ammonia  water,  because  the  vapour  of  this  liquor,  by  heating,  produess 
double  the  pressure  of  water  vapour.  When  heated  with  water  vapour  up  to  14{^  or 
162^,  the  pressure  in  the  inner  cylinder  produced  by  the  ammonia  vapour  oorrespoDds 
to  eight  to  ten  atmospheres.  The  revolutions  number  1^  to  2  per  minute;  the 
contents  of  the  inner  cylinder  amount  to  2,000  gallons. 

When  wood  stuff  is  to  undergo  treatment  with  alkalies  in  this  apparatos,  a 
quantity  of  about  2  cwts.  is  placed  in  the  inner  cylinder,  600  or  700  gallons  of 
solution  of  ammonia  added,  to  which  a  f^irther  addition  of  60  or  60  lbs.  of  caustic 
soda,  to  preserve  the  ammonia  in  the  caustic  state,  is  an  improvement ;  the  manhole 
is  closed  air-tight ;  a  tap  communicating  with  the  space  between  the  two  cylinden 
through  which  air  can  escape  is  opened ;  steam  at  150°  is  admitted  to  the  inter-spaee, 
and  the  apparatus  is  set  in  motion.  After  6  or  6  hours  the  process  is  ended.  The 
ammonia  is  then  distilled  ofi^  the  liquor  is  allowed  to  run  away,  and  the  apparatus 
is  turned  so  that  the  manhole  is  underneath ;  upon  the  removal  of  the  lid  the  wood 
stuff  then  falls  out.  Instead  of  ammonia  a  corresponding  quantity  of  soda  ley  caa 
be  used.  This  is  prepared  direct  for  use  by  dissolving  7  parts  of  soda  in  six  times  its 
weight  of  water,  and  rendering  it  caustic  with  lime  water  containing  5  parts  of  bamt 
lime.    The  turbid  liquor  is  allowed  to  stand,  and  the  dear  ley  afterwards  drawn  off 

The  bleaching  of  the  wood  stuff  after  treatment  with  idkali  is  effected  with 
chloride  of  lime.  The  greatest  care  must,  however,  be  used  that  the  cell'  aubatanoe 
itself  is  not  burnt  by  it.  Ordinarily  for  100  parts  of  wood  paste,  50  parts  of  chloride 
of  lime  are  taken.    The  total  loss  amounts  to  60  per  centw  of  the  wei^t  of  the  wood. 

The  difficulty  in  the  above-described  methods  consists,  according  to  Orioli,  in  the 
large  vessels  used  for  the  action  of  the  acid  mixture  upon  the  wood.  Sandstone 
vessels  always  let  the  acid  through,  and  finally  show  cracks  that  cannot  be  sufficiently 
stopped  up  with  wax.  Besides,  tide  workmen  are  exposed  to  the  vapour  of  nitric  add. 
so  that  latterly  the  chemical  method  has  been  abandoned,  notwithstanding  that  by  it 
a  very  fine  and  useful  wood  stuff  miiy  be  obtained. 

Bachet  and  Macbard's  method  of  treating  wood  has  a  double  object :  the  bringing 
of  the  wood  into  a  fine  fibrous  and  easily  felted  mass,  and  the  conveimoo  of  the 
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incmstiiig  materialB  into  sugar.  A  portion  of  the  cell  fibre  also  is  always  converted 
into  sugar,  but  it  is  exactly  that  portion  that  is  most  recently  formed  and  least  tough. 
This  condition  therefore  is  so  &r  favourable,  that  the  remaining  fibres  are  tough  and 
more  easily  felted.  Experiments  carried  out  in  Payen's  laboratory,  in  one  of  which 
14  OE.,  and  in  two  others  J8  oz.  of  deal  slips,  ^  in.  thick,  were  treated  for  ten  hours 
with  a  boiling  mixture  consisting  of  3^  pints  of  water,  and  ^  pint  of  strong  hydrochloric 
add,  gave  on  the  average  21*13  parts  of  sugar  from  100  parts  of  wood. 

In  some  paper  manu&ctories  the  saccharification  is  carried  out  in  the  following 
manner.  About  a  couple  of  tons  of  deal  shavings  are  placed  in  a  large  vessel  con- 
taining about  1,760  gallons  of  water  and  16  cwt.  of  crude  hydrochloric  acid,  and  the 
whole  is  kept  at  the  boiling  temperature  for  1 3  hours  by  means  of  a  current  of  steauL 
The  acid  liquor  is  then  drawn  on,  and  09  per  cent  of  the  free  add  is  neutralised  with 
carbonate  of  lime,  free  carbonic  acid  being  formed,  and  caldum  chloride,  which  does 
not  interfere  with  the  operation  of  fermenting.  Fermentation  is  setup  by  the  addition 
of  yeast,  the  temperature  of  the  li<^uor  being  kept  at  22^  to  26°C.  In  the  subsequent 
distillation  a  quantity  of  alcohol  is  obtained  corresponding  to  the  sugar  previously 
formed. 

The  remdual  wood  stu£f  is  submitted  to  a  methodical  washing,  then  crushed  under 
a  mill-fltone,  again  washed,  freed  from  mechanical  impurities,  drained  and  pressed. 
In  this  way  a  brown  wood  stu£f  is  obtained,  that  is  very  suitable  for  the  manufacture 
of  packing  paper. 

A  better  and  lighter  paper  is  obtained  when  the  wood  paste  is  submitted  to  strong 
pressure  in  a  hydraulic  press,  so  as  to  form  cakes  about  ^  in.  thick,  which  still  contain 
60  per  cent,  of  water.  These  are  formed  into  cylindrical  rolls,  and  in  this  condition 
are  bleached  fDr  36  to  48  hours  in  a  chlorine  chamber.  A  reddish  wood  stuff  is  thus 
obtained  which  can  be  used  directly  for  the  manufacture  of  ordinary  paper. 

For  the  production  of  a  white  stuff,  the  wood  mass,  after  its  removal  from  the 
chlorine  chamber,  has  to  be  thrice  macerated  in  lime  water,  each  100  parts  of  which 
has  been  treated  with  10  parts  of  soda  at  80®  to  90^0.  Lastly,  the  paste  is  thoroughly 
washed  in  a  vessel  provided  with  a  sieTe  bottom.  At  the  same  time  tne  mass  is 
perfectly  bleached  by  chloride  of  lime  mechanically  distributed  through  it,  which 
leads  to  a  loss  of  30  per  cent. 

The  considerable  loss  of  cellular  substance  during  the  preparation  of  wood  for  the 
paper  manufacture  is  dependent  on  the  Use  of  chlorine  gas  or  chloride  of  lime,  it 
being  difficult  to  limit  the  action  of  those  substances  to  the  colouring  and  incrusting 
matters  of  the  wood.  If  the  quantity  of  these  agents  be  rather  too  large,  or  the 
temperature  be  too  high,  a  portion  of  the  cellulose  is  burnt  to  carbonic  add  and 
water.  In  some  measure  this  may  be  prevented  by  using  less  chlorine  or  chloride  of 
lime,  and  allowing  them  to  act  at  a  lower  temperature  but  for  a  longer  time. 

The  cost  of  paper  stuff,  prepared  according  to  the  chemical  metiiod  from  wood,  is 
much  less  than  that  of  rag  stuff,  to  which  it  can  be  added  to  the  extent  of  80  per 
cent.,  but  only  20  per  cent,  of  the  mechanically  prepared  wood  stuff  can  be  so  added. 
The  price  of  the  latter  however  is  so  much  tlie  lower,  that  at  present  it  is  more 
extensively  used  than  the  chemically  prepared. 

O.  Fry  treats  the  wood  in  fine  shavings  with  water  and  high  pressure  steam  only, 
and  works  the  liquor  running  off  and  pressed  from  the  shavings  for  alcohol. 

Straw,  by  proper  treatment,  yields  a  paper  stuff  which  is  preferred  to  that  pre- 
pared from  'mxxl,  and  in  many  manufactories  in  Germany  and  other  countries  a  very 
large  quantity  is  now  made  from  straw.  The  fibres  obtained  fr^m  straw  by  suitable 
treatment  are  thin  and  smooth,  easilv  felted,  and  yield  a  dose,  firm  paper,  but  which, 
when  it  consists  only  of  straw,  is  bnttle.  The  straw  stuff  is  therefore  also  used  to- 
gether with  rag  stufi^  to  which  it  can  bo  added  to  the  extent  of  80  per  cent,  without 
the  paper  becoming  too  brittle  for  ordinary  use.  For  instance,  the  paper  on  which 
some  newspapers  are  printed  consists  of  two  parts  of  straw  and  only  one  of  rags. 

The  preparation  of  the  straw  is  partly  mechanical  and  partly  chemical,  and  on  the 
whole  is  rauier  troublesome.  In  a  large  manufactory  at  ICrollwitz,  near  Halle,  it  is 
carried  on  according  to  the  following  method  originally  introduced  by  Keferstein,  but 
known  as  Lahousse^s  method. 

The  chopped  straw  is  placed  in  a  large  vertical  sheet^iron  cylinder,  which  revolves 
round  a  hollow  axis ;  the  apparatus  is  then  completely  filled  with  a  solution  of  caustic 
soda,  prepared  with  lime  from  the  very  best  soda.  The  manhole  is  closed,  and 
during  four  or  five  hours  the  cylinder  containing  the  cold  ley  is  rotated.  After  this 
the  caustic  suda  is  drawn  off  from  the  chopped  straw  and  pumped  into  the  ley  reser- 
voir ready  for  a  new  operation. 

During  this  treatment  with  cold  caustic  soda,  the  greater  part  of  the  incrusting 
material  of  the  straw,  principally  gum  and  protein  stufi^  is  washed  off;  the  silica,  of 
which  the  straw  contains  as  much  as  5  per  cent.,  is  not  attacked. 
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After  the  soda  ley  has  been  drained  off  from  the  straw  as  much  as  poflsible,  the 
drum  is  turned  so  that  the  straw  falls  out  through  the  open  manhole  into  the  steamer, 
which  usually  is  arranged  similarly  to  the  revolvinp  rag  boiler.  When  the  steamer  is 
filled  with  straw  snperaeated  steam  at  150^  is  admitted  through  the  hollow  axis.  As 
soon  as  the  entire  mass  has  acquired  the  temperature  of  the  steam,  hot  water  is  ran 
in,  which  causes  the  steamer  to  rotate.  After  a  time  the  wash  water  is  nm  off  and 
steam  at  150^  is  again  admitted,  and  this  treatment  is  repeated  fix  or  seren  times. 
At  the  commencement  of  the  process,  the  pores  of  the  straw  are  still  full  of  abnorbed 
ley.  When  the  steam  is  admitted  this  forms  a  hot  ley,  by  which  the  silica,  unattacked 
by  the  cold  ley,  is  converted  into  soluble  sodium  silicate.  By  the  succeeding  treatment 
with  warm  water  this  is  dissolved  and  washed  out  As  the  disengagement  of  the 
silica,  howerer,  is  only  effected  slowly,  the  operation,  as  before  stated,  has  to  be 
several  times  repeated. 

It  is  very  essential  that  the  silica  should  be  removed  as  completely  as  possible, 
because  otherwise  the  paper  manufactured  from  straw  stuff  is  transparent. 

The  bleaching  and  crushing  of  the  straw  mass,  which  operations  follow  next,  are 
carried  out  simultaneously.  The  steamed  and  washed  straw  is  removed  from  the 
steamer  and  put  with  chloride  of  lime  into  a  large  bleaching  and  pulping  vessel,  about 
10  or  16  pounds  of  the  chloride  being  added  for  each  hundredweight  of  straw  origin- 
ally  used.  After  the  entire  mass  has  been  reduced  to  a  pulp,  it  is  brought  into  tubs 
standing  on  a  lower  stage,  in  which  the  straw  is  prevented  from  settling  by  the 
motion  of  a  stirrer.  It  is  then  raised  by  a  pump  and  run  through  a  trough  between 
two  ordinary  millstones,  by  which  means  all  the  knots,  ears,  etc.,  are  cmshed,  and 
made  accessible  to  the  action  of  the  chlorine.  Decomposition  of  the  chloride  of  lime 
by  the  addition  of  an  acid  is  not  necessary,  as  decomposition  is  sufficiently  effoeted  by 
the  heat  of  the  friction  generated  in  passing  between  the  millstones. 

If  it  is  intended  to  send  the  material  into  the  market,  the  bleached  mass  is 
pressed.  If^  on  the  other  hand,  it  is  to  be  worked  up  at  once  into  paper  of  the 
ordinary  sort,  it  is  run  directly  into  the  tubs  over  the  paper  machine.  But  if  it  is  to 
be  used  for  finer  paper,  it  is  previously  allowed  to  stand  upon  porous  stone,  by  which 
the  greater  part  of  the  lime  liquor  is  absorbed. 

According  to  Keferstein,  the  yield  of  fibre  by  this  method  amounts  to  56  per  cent, 
of  the  straw  used.  If  the  straw  be  at  first  treaty  with  hot  instead  of  cold  soda  ley, 
the  yield  diminishes  to  40  per  cent.  Wood  in  the  rasped  condition  can  also  be  pre- 
pared for  paper  stuff  by  this  method. 

Straw  can  also  be  treated  according  to  the  method  before  described,  as  followed  at 
the  Pontcharra  works,  in  the  preparation  of  wood  stuff  (p.  636).  The  straw  is 
chopped  into  pieces  ^  in.  to  1  in.  long,  and  then  treated  in  the  same  way  as  the  wood 
with  hot  or  cold  aqua  regia,  washed,  crushed,  again  washed  and  bleached.  By  Berges 
and  Zuber,  and  Rieder,  the  straw  is  cut  in  a  machine,  freed  from  knots  in  a  kind  of 
powder  mill,  crushed  and  ground  by  a  cylinder,  and  washed  for  ten  or  twelve  houn  in 
a  rotatory  apparatus  ;  26  to  30  parts  of  90^  soda  dissolved  in  200  parts  of  water  being 
used  for  each  100  parts  of  chopped  straw.  The  wash  liquor  is  drawn  off,  and  unitea 
with  that  obtained  by  strong  pressure  of  the  straw  between  cylinders,  concentrated  by 
hot  air  drawn  from  the  fine  of  a  reverberatory  fUmace,  and  finally  brought  to  dryness 
and  calcined  in  the  furnace  itself.  A  salt  mass  is  thus  obtained  which,  after  lixiviataon 
and  treatment  with  lime,  yields  a  caustic  ley  that  can  be  again  used  for  the  washing 
of  straw.  The  washed  straw  mass  is  pressed,  dipped  in  warm  water,  then  washed  in 
cold  water,  the  fibres  being  at  the  same  time  again  separated.  The  bleaching  is  done 
in  the  same  vessel  as  the  washing,  by  means  of  chloride  of  lime. 

Pbbliminabt  Treatment  of  the  Rags. — When  rags  are  used  for  the  manu£teture 
of  paper,  the  operations  commence  with  the  sorting  of  the  rags,  which  is  not  done 
with  sufficient  care  by  the  rag  collectors.  The  work  is  usually  done  in  the  basement 
of  the  factory  by  women  and  girls,  and  with  it  was  formerly  combined  the  cutting  up 
of  the  rags.  The  workers  stand  before  a  kind  of  table  with  a  wire  net  surface,  upon 
which  the  rags  to  be  sorted  are  spread  out,  and  the  rags  are  cut  by  a  perpendicularly 
fixed  knife;  the  new  rags  into  pieces  2  in.  wide  by  5  in.  long,  and  t^e  old  rags  into 
pieces  4  in.  wide  by  6  in.  loiiir.  At  the  same  time  all  the  hooks,  Imt^onis  seams,  and 
especially  all  hard  parts  of  the  rags  are  removed ;  the  rags  being  thrown  according  to 
their  quality  into  various  receptacles.  During  this  operation  a  large  quantity 
of  dirt  ftom  the  rags  falls  through  the  wire  surface  into  a  receptacle  underneath.  M 
the  present  time  the  cutting  up  of  the  rags  is  sometimes  done  by  a  special  machine. 

The  degree  to  which  the  sorting  is  carried  out  differs  in  various  manufiictories. 
In  some  the  rags  are  sorted  only  according  to  the  material  from  which  they  are  woven, 
into  linen,  cotton,  silk,  and  woollen;  more  generally  the  sorting  is  carried  further,  and 
extends  to  the  colour  and  the  form  in  which  the  fibre  occurs  in  the  rag.    This  more 
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thorough  sorting,  howerer,  applies  only  to  the  linen  and  cotton  rags,  becanse  only 
those  are  used  for  the  better  sorts  of  paper. 

The  principal  object  of  the  sorting  is  to  bring  together  as  nearly  as  possible  rags 
of  the  same  qnalitf,  so  that  in  the  succeeding  operations  of  washing,  bleaching,  and 
polping,  a  material  as  nearly  equal  as  possible  in  colour  and  texture  may  be  used.  H 
dirty  rags  be  washed  -with  clean,  or  coloured  rags  bleached  with  white,  the  latter  are 
under  treatment  much  longer  than  is  necessary.  The  same  holds  good  for  the  pulping 
in  the  hollander,  which  is  worked  much  more  rapidly  for  open  texture  than  for  close. 

The  apparatus  used  for  cutting  the  rags  is  of  various  construction.  The  simplest 
and  oldest  is  in  principle  the  same  as  a  straw  cutter.  The  rags  are  pushed  under  a 
fixed  horizontal  band,  in  £ront  of  which,  and  just  in  contact  with  the  edge,  a  sharp 
knife  passes  up  and  down  in  a  vertical  direction.  Sometimes  instead  of  a  yertical  the 
kniyes  hare  a  rotary  motion. 

Fox's  rag-cutter  consists  of  two  horizontal  cylinders,  surrounded  by  sharp  steel 
edges  at  intervals  corresponding  with  the  size  to  which  the  rags  are  to  be  cut.  The 
cylinders  are  placed  so  that,  when  they  revolve,  the  knife  edges  of  one  fit  exactly  over 
those  of  the  other,  and  the  rags  are  passed  between  them,  the  machine  being  fed 
through  a  funneL 

The  purification  of  the  rags  is  divided  into  a  dry  and  a  wet  cleansing.  The  first  is 
partially  efiected  in  the  sorting  and  cutting,  during  which  a  considerable  quantity  of 
dirt  falls  through  the  wire  gauze.  After  leaving  the  cutting  machine,  the  rags  are 
passed  into  a  ^ter,  consisting  of  a  large  cylinder  covered  with  wire  gauze,  and  revolv- 
mg  round  a  wooden  shaft.  Upon  the  cylinder  being  set  in  motion  the  rags  are  tossed 
about,  and  the  dirt  &lls  through  the  wire  gauze  into  a  surrounding  wooden  frame, 
from  which  the  dust  is  carried  forward  by  a  current  of  air.  The  length  of  the  cy- 
linder is  from  7  to  10  feet  and  the  diameter  about  32  inches.  Instead  of  the  revolving 
cylinder,  a  stationary  one  is  sometimes  used.  In  this  the  rags  are  beaten  by  wooden 
arms  set  spirally  round  a  revolving  shaft  and  reaching  almost  to  the  periphery 
of  the  cylinder;  the  shaft  makes  150  to  200  revolutions  per  minute. 

The  loss  during  this  operation  (independent  of  loss  of  weight  representing  mois- 
ture) amounts  wim  fine  dean  rags  to  from  1-1*5  per  cent.;  for  hems  and  seams,  to 
2*5-l8*6  per  cent. ;  for  coarse  rags,  packing  cloth,  rope,  and  string,  which  have  to  be 
very  tiioroughly  shaken,  to  4-5*5  per  cent 

In  order  to  avoid  the  inconvenience  of  stopping  the  machinery  for  the  emptying 
and  filling  the  cylinder,  a  continuous  apparatus  has  been  introduced.  It  consists  of  a 
stationary  conical  sieve  cylinder,  having  a  shaft  passing  through  it  to  which  are 
fastened  wooden  or  iron  beating  arms.  The  rags  are  introduced  at  the  narrow  end  of 
the  cylinder,  fall  towards  the  opposite  side,  and  are  thrown  out  purified  at  the  wide 
end. 

In  most  manu&ctories  the  rags  are  not  washed  in  water  alone,  but  am  carried 
directly  fh>m  the  sifter  to  the  boiler.  When  they  are  so  washed,  the  washing  is  done 
in  a  horizontal  wire  gauze  cylinder,  revolving  on  its  axis  in  a  trough  of  water,  like  a 
beet-washing  cylinder  (see  Suoab). 

In  order  to  remove  greasy  diit,  and  to  destroy  many  colours  preparatory  to  the 
bleaching  process,  the  purified  rags  are  boiled  in  a  caustic  ley.  For  the  finer  rags, 
soda  potash  or  caustic  soda  are  used ;  for  the  coarser,  caustic  lime,  sometimes  with 
the  addition  of  some  soda.  In  the  older  paper  manufactories,  10  to  20  parts  of 
canstic  soda  are  taken  for  each  1,000  parts  of  rags,  according  to  their  quiility.  When 
the  rags  have  not  been  previously  washed  with  water,  they  are  first  moistened  with 
warm  water,  then  thrown  on  the  heap,  and  afterwards  brought  into  the  boiler,  which 
may  consist  of  an  open  or  closed  stationary  or  revolving  vessel. 

Payen  gives  the  following  proportions  of  lime  and  soda  for  100  parts  of  different 

kinds  of  rags: — 

Lime.  Soda. 

Hard  and  dirty  rags 15  6 

Strongly  coloured  rags 12  3 

White  rags 5-10       0 

E.  Hoyer  gives  the  following  proportions:— 

Lime.  Soda. 

Fine  white  well-worn  rags u  5 

Fine,  less  worn 15  1 

Half  fine,  not  quite  white 20  1 

Coarse  unbleached 25  0 

Fine  coloured 15  15 

Coarse  coloured 20  0 

According  to  Hoyer,  the  finer  rags  are  best  treated  with  soda  only,  whilst  for  the 
coarser  he  recommends  an  addition  of  caustic  lime,  or  the  lime  alone.    The  lime  is 
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converted  into  a  fine  milk  and  mixed  with  the  dissolved  soda  before  adding  to  the 
rags. 

The  stationary  boiler  is  a  large  vessel  heated  by  steam.  It  is  provided  with  a 
perforated  false  bottom,  situated  a  short  distance  above  the  real  bottom,  and  upon 
which  the  raps  are  placed.  The  boiler  being  then  partly  filled  with  the  le^,  the 
steam  is  admitted  into  the  interspace  between  the  two  bottoms,  passing  either  directly 
into  the  ley  or  first  through  a  spiral.  The  ley  is  thus  heated,  and  is  driven  upwards 
through  a  vertical  copper  pipe,  which  opens  towards  the  top  of  the  boiler ;  from 
thence  the  ley  &lls  on  to  the  rags,  and  permeating  through  them,  drains  through  the 
perforated  bottom  into  the  interspace,  where  it  is  again  heated  and  driven  upwards 
through  the  copper  pipe.  The  operation  lasts  firom  four  to  six  hours,  after  which  the 
liquor  is  run  off  through  a  tap  placed  below  the  perforated  bottom,  and  the  rags  ars 
again  boiled  with  water. 

The  boiling  is  carried  out  much  more  effectively  and  quickly  in  a  vessel  having  a 
rotatory  movement,  the  rags  being  thus  brought  more  penfecUy  into  contact  with  the 
ley.     The  apparatus  of  Bryan  Donkin  consists  of  a  spherical  boiler,  about  8  feet  in 
diameter,  supported  at  the  two  ends  of  its  hollow  axis  upon  a  stronff  cast-iron  firame. 
The  boiler  inakes  two  revolutions  in  four  or  five  minutes.     Throu^  one  end  of  the 
hollow  axis  water  can  be  run  into  the  boiler  from  a  reservoir  placed  at  a  higher  level, 
or  by  means  of  a  pipe  fixed  in  it  the  liquor  can  be  pumped  out  of  the  boiler.    Through 
the  other  end  steam  may  be  admitted  from  a  steam  cnest  situated  below  the  boiler  and  ley 
from  a  reservoir  above.    The  steam  passes  from  the  hollow  axis  through  a  pipe  into 
a  kind  of  cylinder  sieve,  fixed  in  the  middle  of  the  boiler,  and  constructed  of  twelve 
perforated  sheet-iron  plates,  the  holes  being  ^  in.  in  diameter,  and  1|  in.  apart.     This 
cylinder,  which  is  about  4  feet  wide,  guards  the  end  of  the  steam  pipe  frt>m  becoming 
stopped  up  by  the  fragments  of  rag,  and  also  distributes  the  steam  over  a  large  sur- 
face.    Over  the  surface  of  the  cylinder,  at  intervals  of  about  2  feet,  are  teeth,  by 
which  the  rags  are  beaten  up  during  the  rotation  of  the  vessel.     The  filling  and 
emptying  of  the  boiler  with  rags  are  effected  through  a  round  manhole,  and  the  dirty 
liquor  is  drawn  off  through  a  tap.    The  spherical  vessel  will  hold  a  ton  of  rags  at  one 
time,  and  only  requires  one-sixtji  of  a  horse-power  to  set  it  in  motion.    Its  efiScieney 
may  be  increased  by  fixing  pegs  on  the  inner  surface,  which  set  up  a  brisker  agitation 
of  the  rags ;  also  by  increasing  the  pressure  of  steam  to  3  to  6  atmospheres,  thus 
raising  the  temperature  of  the  contents  to  1 83°  to  1 52^.    The  height  of  the  liquor  is 
observed  through  a  small  tap  fixed  in  the  side  of  the  vessel ;  at  the  commencement 
of  the  operation  it  should  not  exceed  one  half  the  height  of  the  boiler,  and  at  the 
finish  not  exceed  two-thirds. 

In  filling  the  apparatus  the  manhole  is  brought  directly  under  a  shoot  through 
which  the  rags  fall ;  the  rags  are  pressed  together  with  a  lever  or  by  treading  them 
down,  and  when  a  sufficient  quantity  is  admitted,  the  manhole  is  closed.  The  milk 
of  lime  or  other  caustic  liquor  is  then  run  in  through  a  tap  until  its  level  reaches 
half-way  up  the  vessel,  and  afterwards  the  steam  is  admitted  through  one  tap, 
another  being  opened  to  allow  the  excess  to  escape.  After  three  or  four  hours*  boiling, 
both  taps  are  shut  off,  but  the  rotation  is  continued  three  hours  longer,  and  then  the 
caustic  liquor  and  condensed  steam  are  run  off,  and  a  stream  of  fresh  water  is  allowed 
to  pass  through  the  rags  for  two  hours.  The  average  time  required  for  the  entire 
washing  is  twelve  hours.  The  height  of  the  liquor  is  never  allowed  to  be  increased 
by  the  condensed  steam  beyond  two-thirds,  the  excess  being  run  off  through  a  tap. 
When  the  boiling  is  finished,  the  lid  is  taken  off  the  manhole  and  a  half  turn  given  so 
as  to  bring  the  opening  underneath ;  water  is  let  in  and  the  rags  are  washed  out  and 
faM  into  a  receiver  lieneath,  which  is  provided  with  a  sieve  bottom,  through  which 
the  water  can  drain  awa^. 

An  apparatus  for  boiling  with  ammonia  has  been  before  described  (p.  636)  in  the 
preparation  of  wood  paper  stuff,  and  can  be  used  with  advantage  in  the  boiling  of  rags. 

PuLPiKO  OF  THB  Washkd  AND  BoTLBD  Raos. — ^Before  bleaching,  in  order  to  pie- 
sent  the  largest  possible  surface  to  the  action  of  the  bleaching  agent,  the  rags  require 
to  be  disintegrated.  This,  however,  must  not  be  carried  too  &r  at  once,  as  Uie  wash- 
ing of  a  finely-divided  mtiss  would  be  very  difficult.  The  preparation  of  the  paper 
pulp  is  therefbre  divided  into  two  stages:  (1)  partial  disinte^ation  before  bleaching; 
(2)  complete  disinte^tion  after  bleaching.  The  product  is  called  half  stuff  or 
whol  e  stuff,  according  as  it  has  gone  through  both,  or  only  one  stage. 

Formerly  the  disintegration  of  the  rags  was  effected,  according  to  the  (German 
method,  by  stampers ;  but  at  the  present  time  only  the  Dutch  method  is  followed. 
The  apparatus  in  which  the  rags  are  reduced  to  a  pulp  by  the  Dutch  method 
is  called  a  hollander,  and,  according  as  it  is  used  in  the  preparation  of  half 
stuff  or  whole  stuff  it   is   called  a  half  hollander  or  a  whole   hollander. 
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At  tli«  wkDiB  time  u  Cbe  mgs  are  rednced  to  pulp  in  tite  hullaadcr  thej  an  alto 
(borouglilf  washed. 

llie  holland«r  (flge,  48D  and  440)  coagista  of  a  l&ise  Bhallov  troagh,  about  10  ft 
long.  6  ft.  wide,  andSi)  tu  26  inchea  de«p.  It  is  diridedintotiro  e^aul  portiona  by  an 
Dprigbt  partition  (i.  i)  rniuiiQg  lengthwajB,  the  endi  of  which  do  Dot  reach  the  enda 
of  the  troii^ht  a  free  vpace  being  left  equal  at  each  end  through  which  the  rage  and 
ths  liquid  can  ciicnlata  round  the  partition.  The  Crongh  ia  generullj  made  of  wood, 
linsd  with  sheet  copper  or  lead.  Recently,  however,  cael>iron  boUanders  hare  been 
Mmingmore  into  use ;  these  do  sood  serrice,  but  tbey  cannot  be  used  for  the  bleach- 
ing of  the  paper  stnff  with  cluoride  of  lime  and  acids,  unless  thej  are  Snt  coated 
with  cement,  because  tbe  iron  would  be  attacked.  Stone  troughs,  and  troughs  made 
of  piscea  of  etone  and  cement,  are  aleo  used,  and,  especially  the  latter,  are  much  ap- 

Oa  one  side  of  the  appArstus  are  the  pulping  cjlioders  (c  c),  the  axes  of  which  are 
■apported  at  one  and  bj  the  eide  of  the  trongh  and  at  the  other  bj  tbe  partition  in 
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the  middle  c^led  the  midfeather  (i  l)  ;  tbe;  then  eitood  through  the  other  eide  of  the 
maetine,  where  ther  are  driven  hy  puUevB  fitted  on  to  the  projecting  oailsof  the  shafts 
(b  b).     The  cylinders  are  fitted  in  the  direction  of  the  axis  with  cutti-ra,  which  ore 

Ensrally  made  of  steel,  but  where  bleaching  with  chlorine  is  carried  on  in  the 
lluider  they  are  made  of  bronze  (85  percent,  of  copper  and  I  ft  per  cent,  of  linc). 
The  number  of  hniTca  in  tbe  cylinder  c^  a  half  hollander  varies  from  3D  to  SO ;  in  a 
whole  bollander  it  varies  from  6S  to  7b,  Below  the  cylinderB  are  frames  (D  n).  gene- 
rally of  cast  iron,  set  with  ahiirp  knives  at  a  sliQht  angle  with  those  of  the  cylinder, 
ao  that,  upon  the  cylinder  being  rotated,  n  culting  action  ia  set  up  between  the  two 
•ets.    The  knives  are  fastened  in  tbuir  respective  places  by  woodrn  plugn. 

The  rags  being  in  comparatiyeW  laife  pieces  when  first  put  into  the  hollander, 
tlie  space  between  the  kniree  in  the  cylinder  and  those  beneath  has  at  first  ti>  be 
wider  than  it  is  afterwards,  and  fpr  this  purpose  there  is  an  arrangement  by 
which  the  axis  of  the  cylinder  can  bo  raised  or  lowered  as  required. 

The  rags  being  put  into  the  hollander.  tcj^ther  with  a  qnantity  of  water,  and 

the  cylinder  »et  in  motion,  a  circulation  is  eslabliahed,  the  riiga  being  carrioil  by  Uir 

comnt  of  water  between  the  cylindur  and  tbe  fixed  cutters  azid  thus  disintegrated. 
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The  cylinder  makes  180  to  220,  or  even  240  reyolutions  in  a  minute ;  it  is  woriced 
less  rapidly  in  the  half  hollander  than  in  the  whole  hoUander. 

At  the  same  time  as  the  disintegration  of  the  rags  takes  place  a  further  cleansing 
is  effected,  dirt  being  removed  from  between  the  tissues  which  the  previous  washing 
and  boiling  could  not  touch.  For  this  purpose  a  constant  flow  of  water  is  kept  up. 
The  soiled  water  escapes  through  wire-gauze  screens,  fixed  behind  and  before  the 
cylinder.  By  the  action  of  the  cylinder,  the  rags  and  water  are  flung  against 
these  screens ;  the  water  passes  through  and  runs  away  through  the  outflow  pipe, 
and  the  rags  remain  partly  adherent  to  the  screen  and  part  fliU  back  into  the  trough. 
When  the  mass  has  been  sufficiently  washed,  the  wire  screens  are  covered  over,  and 
the  supply  of  fresh  water  is  stopped ;  the  pidping  process  is  then  continued  alone. 

A  more  convenient  contrivance  is  the  washing  cylinder,  the  circumference  of 
which  is  formed  of  wire  gauze.  The  water  passing  through  this  into  the  cylinder  is 
carried  by  spirally  arranged  pipes  into  the  hollow  axis  from  which  it  passes  into  an 
outflow  pipe.  The  washing  cylinder  makes  about  twenty  revolutions  per  minute ; 
it  is  at  first  set  in  motion  by  special  machinery,  but  afterwards  the  motion  is  kept 
up  by  the  current  of  the  liquid  m  the  hollander. 

In  order  to  separate  any  sand  present,  there  is  a  trough  running  across  the  bottom 
of  the  hollander,  covered  with  wire  gauze,  through  which  the  sand  falls  into  the  de- 
pression beneath. 

Each  hollander  is  charged  with  1  to  2  cwt.  of  rags,  the  water  required  being  from  250 
to  450  gallons.  The  entire  operation  lasts  from  two  to  four  hours.  The  emptying  is 
effected  through  an  opening  at  the  bottom  of  the  hollander. 

In  most  paper  manufactories  this  first  pulping  work  is  carried  out  in  a  half 
hollander,  and  for  white  rags,  which  are  easily  washed  and  pulped,  it  is  sufficient. 
But  for  coarse,  hard  rags,  as  well  as  seams,  cord,  etc,  which  are  very  difficult  to 
pulp,  Planche  recommends  the  use  of  two  hollanders,  which  should  be  so  fixed  that 
the  pulp  can  fiow  from  one  into  the  other.  In  the  first  the  operation  is  chiefly 
directed  to  washing  the  rags ;  in  the  second  the  pulping  is  carried  on.  The  cylinder 
of  the  first  hollander  is  set  with  86  knives  and  there  are  6  or  8  fixed  knives ;  these  are 
sufficient  for  the  beginning  of  the  pulping  process ;  it  makes  150  revolutions  per 
minute.  There  are  besides  in  this  holliEinder  a  washing  cylinder,  washing  screens, 
and  two  sand-catching  troughs.  The  cylinder  of  the  second  hollander  is  set  with  54 
knives  and  there  are  10  or  12  fixed  knives ;  these  knives  are  also  thinner.  The  revolu- 
tions amount  to  1 80  in  the  minute.  The  wire  gauze  of  the  washing  cylinder  is  finer  than 
in  the  first  hollander ;  the  washing  screens  are  not  used.  The  operation  lasts  four 
hours.  The  loss  varies,  for  good  rags,  between  7  and  14  per  cent,  and  for  inferior 
rags,  seams,  rope,  etc.,  between  18  and  85  per  cent. 

The  paper  stuff  from  the  second  hollander  is  allowed  to  run  into  a  vat,  the  bottom 
of  which  is  made  of  wire  gauze.  After  it  has  drained,  it  is  conveyed,  in  many 
factories,  upon  an  endless  cloth  between  a  pair  of  gutta-percha  or  hardened  caoutchouc 
cylinders,  and  the  adhering  water  expressed  as  much  as  possible.  A  cake  of  paper 
stuff  is  thus  obtained  about  a  quarter  of  an  inch  thick,  containing  60  per  cent,  of 
water  and  40  per  cent,  of  dry  stuff.  Becently  Rieder  has  recommended  the  removal 
of  water  from  half  stuff  by  submitting  it  to  the  action  of  a  centrifugal  apparatus 
making  1,200  to  1,300  revolutions  per  minute. 

Blkachino. — The  bleaching  of  paper  stuff  has  for  its  object  the  destruction  of 
colouring  matter,  and  the  conversion  of  the  stuff  into  as  white  a  mass  as  possible. 
The  operation  is  carried  out  with  chlorine  gas  or  chloride  of  lime. 

In  bleaching  with  chlorine  gas,  the  chlorine  prepared  from  manganese  and 
hydrochloric  acid,  according  to  one  of  the  methods  descnbed  on  p.  163,  passes  through 
leaden  pipes  into  the  upper  part  of  the  bleaching  chamber.  The  half  stuff  having 
been  sufficiently  freed  from  water,  and,  if  it  has  been  pressed,  again  separated  by  the 
action  of  the  wolf,  a  shaft  armed  with  teeth  and  revolving  in  a  trough  is  spread  out 
upon  wooden  shelves  in  the  chamber.  The  chlorine  entering  at  the  top,  makes  its 
way  by  virtue  of  its  greater  specific  gravity  towards  the  bottom,  passing  through  the 
stuff  on  the  upper  stages  to  that  on  the  lower,  the  excess  of  chlorine  escaping  through 
an  opening  at  the  bottom  into  an  adjoining  bleaching  chamber. 

The  chambers  may  be  replaced  by  several  bleaching  chests,  about  3  feet  high,  and 
filled  with  paper  stuff.  The  chlorine  is  introduced  into  these  chests  also  at  the  top, 
and  the  bleaching  is  completed  in  ten  or  twelve  hours. 

Instead  of  tearing  up  the  stuff  which  has  been  pressed  between  rollers,  the  cakes 
may  be  rolled  up  loosely  and  the  rolls  stood  side  by  side  in  a  receptacle  about  16 
feet  long,  5  feet  wide,  and  4  feet  2  in.  deep,  constructed  of  brickwork,  the  inside  of 
which  is  coated  with  tar  and  lined  with  wooden  planks,  whilst  the  outside  is 
coated  with  either  wood  or  stone,  all  crevices  being  well  stopped  up.    The  washed  and 
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cooled  chlorine  is  admitted  at  one  end  into  the  upper  part  and  makes  its  wajr  towards 
the  opposite  end,  displacing  the  air.  Each  receptacle  of  the  dimensions  giyen  will 
contain  two  tons  of  diy  paper  stuff  In  working  a  system  of  13  receptacles,  3  are 
being  charged,  3  are  being  emptied,  6  are  in  action,  and  one  is  under  repair. 

If  the  temperature  be  too  high  during  the  bleaching  process,  the  action  of  the 
chlorine  upon  the  paper  stuff  is  too  energetic;  it  attacks  the  cellulose  and  in  this  way 
a  loss  of  much  fibre  substance  may  result.  The  temperature  must  therefore  be  kept 
as  moderate  as  possible,  and  the  chlorine  should  only  be  admitted  in  small  quantities 
at  a  time.  But  at  too  low  a  temperature  the  bleaching  goes  on  slowly,  and  then  the 
temperature  has  to  be  raised  by  the  admission  of  a  little  steam. 

After  the  paper  stuff  has  been  bleached  with  chlorine  gas,  it  is  placed  for  farther 
draining  in  boxes,  where  it  lies  for  24  to  48  hours,  during  which  time  it  undergoes 
an  after  bleaching  from  the  still  adhering  chlorine. 

In  order  to  wash  and  pulp  the  bleached  mass  at  the  same  time  it  is  put  into  a 
hollander,  the  knives  in  whicn  are  of  bronze,  as  steel  knives  would  be  too  strongly 
attacked  by  the  chlorine. 

Bleaching  with  chloride  of  lime. — Latterly  chloride  of  lime  has  been 
used  for  bleacMng  in  by  far  the  most  paper  manufactories.  The  chloride  of  lime,  or 
bleaching  lime,  contains  the  active  constituent  calcium  hypochlorite,  which  upon  the 
addition  of  hydrochloric  acid  is  decomposed  into  calcium  chloride,  water,  and  chlorine. 
Instead  of  hydrochloric  acid,  sulphuric  acid  may  be  used,  because  this  decomposes 
any  calcium  chloride  present  in  the  chloride  of  linie,  with  formation  of  calcium  sul- 
phate and  hydrochloric  acid,  the  hydrochloric  acid  then  reacting  upon  the  calcium 
hypochlorite  and  liberating  chlorine. 

For  the  purpose  of  bleaching  with  chloride  of  lime,  a  clear  solution  of  it  is  pre- 
pared and  added,  together  with  hydrochloric  or  sulphuric  acid,  to  the  paper  stuff 
The  mixing  is  effected  in  a  hollander  which  has  usually  double  the  capacity  of  those 
previously  used.  This  hollander  is  constructed  of  wood,  cement,  etc.,  or  even  occasion- 
ally of  cast  iron ;  in  the  latter  case,  the  interior  must  be  coated  with  cement  or  the 
iron  would  colour  the  paper  mass.  Instead  of  steel  knives,  the  cylinder  and  the 
frame  below  are  best  provided  with  wooden  cutters.  Washing  screens  are  not  used, 
but  sometimes  a  sand-catcher,  and  here  and  there  a  couple  of  washing  wheels.  In 
the  place  of  the  cylinder  furnished  with  wooden  bands,  there  is  in  many  hollanders 
only  an  axis  upon  which  between  two  wooden  disks  are  six  or  eight  wooden  shovels ; 
these  should  be  covered  with  sheet  lead  to  protect  the  wood  from  splintering.  The 
rotation  of  these  shovel  wheels  must  be  sufficiently  rapid  to  communicate  to  the 
liquid  the  same  rate  of  motion  as  in  the  ordinary  hollander. 

In  order  to  accelerate  the  vrashing  and  bleaching,  Planche  uses  instead  of  the 
shovel  wheel  one  set  with  bronze  bands,  and  beneath  it  a  frame  furnished  with 
three  similar  bands.  He  also  recommends  a  simple  arrangement  for  supplying  the 
bleaching  liquid  or  water.  It  consists  in  providing  the  hollander  with  a  perforated 
double  bottom  made  of  bronze  plates  and  having  the  holes  one-twelfth  of  an  inch  in 
diameter.  At  the  side  is  a  smaller  tank  of  wood  communicating  through  the  bottom 
with  the  space  below  the  false  bottom  of  the  hollander.  At  a  higher  elevation  are 
fixed  throe  vessels,— one  containing  iresh  chloride  of  lime  solution,  one  a  weaker 
liquor  that  has  been  already  used  ouce,  and  the  other  water, — and  from  each  of 
these  a  pipe  having  a  tap  at  the  end  passes  into  the  small  wooden  tank.  Upon  a  tap 
being  opened,  the  liquor  runs  from  the  respective  vessel  first  into  the  small  tank,  and 
then  from  it  through  the  false  bottom  into  the  hollander. 

Frequently,  especially  in  large  factories,  bleaching  with  chlorine  gas  and  with 
chloride  of  lime  are  combined,  the  rags  or  half  stuff  undergoing  a  first  bleaching  with 
chlorine  gas  in  bleaching  closets  or  boxes,  and  an  after  bleaching  with  chloride  of 
lime  solution  in  the  hollander.  More  often,  however,  both  bleachings  are  effected 
with  chloride  of  lime,  but  in  this  case  the  after  bleaching  is  carried  out  on  the  whole 
stuff. 

The  quantity  of  bleaching  material  required  yaries  according  to  the  nature  of  the 
paper  stuff  to  be  bleached,  as  well  as  with  the  strength  of  the  bleaching  material. 
In  bleaching  with  chlorine  gas  there  is  required,  on  the  average,  for  100  parts  by 
weight  of  &j  Btaff,  4  parts  of  manganese  and  a  corresponding  quantity  of  crude 
hydrochloric  acid.  When  chloride  of  lime  is  used,  the  quantity  required  for  100 
parts  of  stuff  varies,  according  to  its  strength,  between  1  and  8  parts  and  \  part  of 
sulphuric  acid.  The  sulphuric  acid  is  diluted  with  twenty  times  as  much  water,  and 
added  to  the  chloride  of  lime  solution,  a  small  quantity  at  a  time. 

It  is  very  important  that  before  further  working  the  bleached  half  stuff  it  should 
be  perfectly  washed.  With  this  object  there  is  in  the  bleaching  hollander  a  washing 
cylinder,  by  means  of  which,  after  the  bleaching  is  completed,  the  half  stuff  is 
thoroughly  washed.    When  the  greater  part  of  the  chlorine  has  been  removed  by  the 
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water,  a  small  qnantitj  of  flodimn  hjpoflolphite  (an  tie  hi  or)  diMolved  in  water  it 
added ;  this  is  oxidised  to  sodium  sulphate  by  the  bleaching  material  still  adhering 
to  the  staff,  and  the  whole  can  then  be  easily  removed  with  water. 

The  bleached  and  washed  half  stuff  is  now  brought  to  as  fine  a  pulp  as  poosible 
in  the  whole  hollander,  and  is  then  called  whole  stuff.  The  difference  between  the 
whole  hollander  and  half  hollander,  as  before  explained,  consists  chiefly  in  the  pnlp- 
ing  cylinder  and  frame  of  the  former  being  provided  with  more  and  finer  knivee,  so 
as  to  efiect  a  more  complete  disintegration,  and  the  absence  of  the  washing  screena. 
The  pulping  of  the  paper  is  carried  on  in  the  whole  hollander  in  the  same  «i*nn«*r  as 
in  the  half  hollander,  but  it  requires  more  care,  as  the  disintegration  may  easily  go 
too  far,  a  result  that  is  called  dead  pulping.  The  time  required  for  this  stage  is 
about  the  same  as  that  taken  up  in  the  preparation  of  the  half  stuff. 

Planche  distributes  the  work  of  the  whole  hollander  between  two  hoUanders,  one 
of  which  stands  at  a  higher  elevation  than  the  other,  so  as  to  allow  its  contents  to 
pass  from  the  upper  one  into  the  lower.  In  the  first  the  half  stuff  coming  firom  the 
oleaching  hollander  is  thoroughly  washed  with  water.  As  soon  as  this  is  acconoi- 
plished  the  supply  of  water  is  stopped,  but  a  part  of  the  water  is  still  allowed  to  run 
off  through  the  washing  cylinder,  so  that  a  denser  mass  remains.  Meanwhile  the 
pulping  cylinder  is  lowered  into  the  hollander,  and  a  pulping  process  is  oommenoed, 
which,  after  the  stuff  has  upon  the  opening  of  a  valve  passed  through  into  the  second 
hollander,  is  there  completed.  By  this  arrangement  the  pulping  of  the  whole  stuff  is 
effected  in  two  or  three  hours. 

The  m  i  X  i  n  g  of  the  various  kinds  of  stuff  to  form  a  paper  stuff  of  certain  qualify 
is  carried  out  in  the  whole  hollander,  and  the  greatest  care  has  to  be  used  in  the 
selection  and  proportions  of  the  sorts  mixed.  For  instance,  a  stuff  from  coarse  rags 
must  not  be  mixed  with  one  from  fine  rags,  as  the  resulting  paper  would  be  rough  and 
unequal,  and  the  finer  stuff  would  be  so  far  wasted.  In  ozder  to  obtain  a  fine  paper, 
only  stuffs  as  nearly  as  possible  of  similar  character  should  be  mixed  together,  the 
fine-fibred  with  the  fine-fibred,  and  the  coarse-fibred  with  the  coarse. 

Lately,  a  considerable  proportion  of  wood  stuff  or  straw  stuff  has  been  added  to 
that  from  rags  in  the  preparation  of  the  better  kinds  of  paper.  Thus,  in  the  factory 
at  Krollwitz  near  Halle,  66*6  parts  of  rag  stuff  and  33*3  parts  of  straw  stuff  are  used 
in  the  making  of  fine  letter  paper,  and  33*3  parts  of  rag  stuff  and  66*6  parts  of  straw 
stuff  in  the  making  of  good'  writing  or  printing  paper.  Wood  stuff  cannot  be  added 
in  so  large  a  proportion.  According  to  C.  Hoyer,  15  to  30  per  cent,  may  be  used  for 
a  medium-fine  writing  and  printing  paper ;  30  to  50  per  cent,  for  ordinary  writing  and 
printing  paper;  50  to  80  per  cent,  for  ordinary  paper-hangings,  bottle  and  packing 
paper ;  millboard  and  pasteboard  may  be  made  entirely  from  wood  stuff. 

Tinting. — In  order  to  give  to  the  paper  a  greater  whiteness,  as  well  as  to  increase 
its  weight,  the  so-called  dressing  is  sometimes  added  to  the  whole  stuff  This  coats 
the  separate  fibres  and  fills  up  the  interspaces  of  the  felted  mass.  Only  a  finely- 
powdered  beautifully  white  material  can  be  used  for  this  purpose,  such  as  baryta 
white,  heavy  spar  powder,  gypsum,  washed  chalk,  or  perfectly  white  kaolin  powder ; 
lead  sulphate  and  lead  white  are  also  used.  The  '  pearl-hardening '  that  is  imported 
from  America  is  an  artificially  prepared  silicate  of  lime.  The  chalk  and  fine  white 
clay  in  the  form  of  kaolin,  or  some  other  preparation  of  clay,  are  to  be  preferred, 
because  the  paper  has  a  more  uniform  appearance  than  when  the  specifically  heavier 
and  consequently  more  difficultly  distributed  baiyta  or  lead  compounds  are  used.  The 
quantity  of  dressing  added  amounts  to  from  10  to  20  per  cent,  of  the  weight  of  dry 
stuff.  Too  much  should  not,  however,  be  used,  or  the  weight  of  the  paper  would  be 
increased  at  the  cost  of  its  quality. 

As  it  is  generally  desired  that  a  paper  should  have  a  somewhat  bluish  tint,  whilst 
the  bleached  stuff  always  still  retains  a  trace  of  yellow,  it  is  usual  to  add  some  blue 
colouring  material  to  stuf&  intended  for  fine  papers  whilst  still  in  the  hollander. 
Ultramarine  is  most  frequently  used  for  this  purpose,  about  1  per  cent,  of  the  weight  of 
stuff  being  added,  more  or  less  according  to  the  shade  required.  Instead  of  ultramarine, 
smalt,  indigo,  or  prussian  blue  may  be  used :  but  the  first  has  the  advantage  that  it 
can  always  be  obtained  in  commerce,  already  reduced  to  a  sufficiently  fine  powder. 

Sizing. — In  consequence  of  the  felt-like  texture  of  unsized  paper,  it  abeorbe  like  a 
sponge  any  liquid  with  which  it  comes  into  contact ;  it  is  therefore  quite  unsuited  for 
writing  upon.  In  the  preparation  of  writing  papers  the  interstices  between  the  fibres 
have  to  be  stopped  up  by  some  glutinous  material  such  as  size. 

The  operation  of  sizing  can  be  carried  out  in  different  ways.  Formerly  only  the 
finished  sheet  of  paper  was  sized,  but  now  the  size  is  generally  added  to  the  paper 
stuff  whilst  in  the  tubs  or  in  the  hollander.  The  first  method  is  called  sheet- 
sizing,  the  second  tub-sizing. 

The  sheet-sizing  is  usually  done  with  ordinary  animal  size  only,  but  it  is 
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(laiy  that  this  should  be  as  colottrless  as  possible  in  order  not  to  injnre  the  colour 
of  the  paper.  The  size  used  for  the  purpose  is  prepared  from  the  skins  of  hares 
and  rabbits,  the  hoofs  of  sheep  and  goats,  parchment  refuse,  eel  skins,  etc.  These 
materials  are  washed,  then  steeped  in  lime  water,  and  afterwards  perfectly  cleansed 
from  it  by  washing  in  acidulated  and  then  in  'pure  water.  It  is  next  gently  boiled 
in  8  or  10  times  its  weight  of  water  for  six  hours,  during  which  time  it  is  sprinkled 
with  a  small  quantity  of  very  finely  powdered  lime,  in  order  to  convert  the  fat  into- 
an  insoluble  lime  soap.  As  soon  as  a  drop  of  the  liquor  placed  upon  a  cold  porce- 
lain plate  solidifies  to  a  jelly,  the  boiling  is  comjpleted.  To  100  parts  of  this  jelly  is 
added  2  or  3  parts  of  alum  previously  dissolved  m  water,  by  which  the  size  is  coagu- 
lated and  rendered  insoluble,  and  consequently  is  in  a  more  suitable  form  for  the 
sizing  of  paper.  The  same  quantity  of  jelly  is  required,  whether  added  to  the  stuff 
in  the  vat  or  to  an  equal  quantity  of  paper.  Practically  the  ready-made  size  of  com- 
merce is  used.  This  is  steeped  for  two  or  three  hours  in  water  and  then  dissolved 
in  boiling  water;  13  to  18  lbs.  of  size  mixed  with  4  to  6  lbs.  of  alum,  dissolved  in 
22  gallons  of  water,  is  sufficient  for  the  sizing  of  a  whole  vatful  of  paper. 

The  solution  of  size  is  brought  to  a  temperature  of  25°,  and  then  about  100 
sheets  of  paper  are  dipped  into  it  at  one  time,  and  so  moved  about  that  each 
sheet  becomes  coated  with  size  on  both  sides ;  they  are  next  pressed  so  us  to  dis- 
tribute the  size  in  the  interior  of  the  separate  sheets,  and  afterwards  separated  and 
hung  to  dry  on  lines  in  a  drying  room.  The  greatest  caution  has  to  be  exercised  in  the 
drying ;  it  must  in  general  go  on  slowly,  without  however  lasting  sufficiently  long 
to  allow  of  decomposition  of  the  moist  size  to  take  place.  This  decomposition  is  in- 
duced sometimes  during  thunderstorms  in  summer ;  the  size  is  covered  with  mould, 
becomes  liquefied,  and  loses  its  glutinous  properties.  If  the  paper  be  too  rapidly 
dried  the  size  remains  distributed  throughout  the  whole  mass  ;  whilst  during  a  slow 
drying  the  size  is  drawn,  together  with  the  moisture,  to  the  surface,  and  there  forms 
an  impermeable  layer.  For  this  reason  a  paper  sized  in  sheets  will  blot  if  written 
upon  where  the  sized  surfiice  has  been  scraped  off. 

In  tub-sizing  the  size  is  added  to  the  stuff  in  the  tubs  or  in  the  hollander ; 
the  paper  prepared  from  it  is  therefore  uniformly  sized  throughout  the  whole  thick- 
ness. Ordinary  animal  size  is  seldom  used  for  this  operation ;  but  much  more  gener- 
ally a  resin  soap  and  alum,  or  aluminum  sulphate,  or  resin  soap,  aluminum  sulphate 
and  starch  together,  are  used.  The  respective  quantities  of  these  substances  used 
are  generally  a  secret  in  each  manufactory.  In  the  following  description  the  quanti- 
ties recommended  by  Planche  are  stated. 

In  order  not  to  ii\jure  the  whiteness  of  the  paper,  upon  which  much  of  its  value 
depends,  it  is  necessaiy  that  the  purest  and  whitest  resin  and  starch  be  used.  Of 
the  different  kinds  of  resin  the  French  and  American  have  the  preference.  They  are 
the  residues  obtained  in  distilling  turpentine  with  steam  in  the  preparation  of  oil  of 
turpentine,  and  are  usually  known  as  colophony.  This  resin  is  eiUier  only  slightly 
yellowish  or  quite  colourless. 

For  the  paper  manufacture  a  specially  white  and  pure  starch  is  made.  It  con- 
tains at  the  most  not  more  than  18  per  cent,  of  water,  which  is  tested  by  the  loss 
of  weight  of  a  weighed  quantity  at  110°.  The  ash  should  not  amount  to  more  than 
3  to  4  parts  per  1,000 ;  a  larger  quantity  would  indicate  a  fraudulent  admixture. 

The  alum,  or  aluminum  sulphate,  used  for  breaking  up  the  resin  soap  must  be 
perfectly  free  ^m  iron  9  this  may  be  tested  by  dissolving  it  in  water,  and  adding 
potassium  ferrocjanide,  which  should  not  produce  a  blue  precipitate  even  upon  the 
addition  of  some  drops  of  chlorine  water.  Alum  has  the  advantage  over  aluminum 
sulphate  that  in  consequence  of  its  power  of  crystallisation  it  can  more  easily  be 
obtained  pure.  On  the  other  hand,  uie  aluminum  sulphate  is  lower  priced,  and  if  it 
can  be  obtained  free  from  iron  it  is  more  profitable. 

In  the  preparation  of  the  resin  soap  22  lbs.  of  caustic  soda  are  dissolved  in  a 
boiler  in  about  160  gallons  of  water,  and  brought  to  the  boiling  point  by  the  introduc- 
tion of  steam.  To  this  220  lbs.  of  powdered  and  sifted  resin  are  added  gradually, 
and  the  boiling  of  the  liquid  is  continued  until  the  resin  is  completely  dissolved ;  it 
is  then  allowed  to  stand  quietly  for  two  days  in  a  settling  vessel  to  deposit  sus- 
pended matter.  On  the  other  hand,  1,100  lbs.  of  aluminum  sulphate  are  dissolved 
by  heating  with  steam  in  110  gallons  of  water.  This  quantity  is  sufficient  for 
the  sizing  of  the  paper  stuff  from  166  hollanders,  reckoning  10  pints  of  solution 
for  each,  corresponding  to  about  6j^  lbs.  of  aluminum  sulphate.  In  a  special 
vessel  22  lbs.  of  starch  are  stirred  up  m  11  gallons  of  water,  and  this  is  poured  into 
about  1 60  gallons  of  the  resin  soap  liquor,  where  it  is  heated  by  steam  to  100°, 
and  then  added  to  the  paper  stuff  in  the  hollander  whilst  in  operation.  After  the 
soap  has  become  thoroughly  distributed  amongst  the  pulp  10  pints  of  the  aluminum 
sulphate  solution  are  added,  which  fixes  the  size  in  the  fibre  of  the  paper. 
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The  results  obtained  by  the  above  operation  are  briefly  as  follows.  By  thd  intzo- 
duction  of  the  resin  into  the  boiling  soda  ley,  soluble  componnds  of  the  soda  with  the 
acids  of  which  the  resin  consists  (abietic  acid,  etc.)  are  formed.  The  soda-resin  soap 
is  therefore  a  compound  of  sodium  resinate  soluble  in  water.  When  this  solution  is 
mixed  with  a  solution  of  aluminum  sulphate  a  double  decomposition  tc^es  place, 
sodium  sulphate  and  aluminum  resinate  being  formed.  The  former  dissolyes  in  the 
water ;  the  latter  is  the  size,  which,  being  insoluble  in  water,  separates  out  as  a 
jelly-like  substance.  When  the  mixing  of  the  solutions  is  effected  in  the  hoUander 
the  size  is  precipitated  as  an  extremely  fine  coating  of  the  paper  fibres. 

Frequently,  however,  the  mixed  size  is  adopted.  In  this  case  a  mixture  of 
resin  soap  containing  about  4^  lbs.  of  resin,  8|  lbs.  of  starch,  and  4^  lbs.  of  size  pre- 
viously dissolved  in  water  is  put  into  the  hollander,  and  solution  of  aluminum 
sulphate  is  added  until  the  liquid  gives  quite  a  weakly  acid  reaction. 

In  general  it  may  be  stated  that  in  the  sizing  for  writing  paper  of  100  lbs.  of 
paper  stuff  (diy)  there  is  used  1  to  1  j-  lbs.  of  soda,  10  to  12  lbs.  of  resin,  20  to  SO 
of  starch  and  6  to  6  lbs.  of  aluminum  sulphate. 

In  the  sizing  of  ordinary  paper,  a  cheaper  tallow  or  oil  soap  is  used  in  place  of 
the  fine  resin  soap.  Accor(£ng  to  Hoyer  100  lbs.  of  stuff  take  3  lbs.  of  soap  and 
3  lbs.  of  alum.  For  very  fine  paper  on  the  other  hand  a  wax  soap  is  used,  made  by 
dissolving  40  lbs.  of  wax  in  a  potash  ley,  containing  10  lbs.  of  potash  and  6  lbs.  of 
caustic  lime.  This  soap  is  added  to  the  stuff  in  the  proportion  of  2  lbs.  of  wax  to 
100  lbs.  of  stuff,  and  to  this  is  added  3  lbs.  of  alum  or  IJ  lbs.  of  aluminum  sul- 
phate. 

Papbr  Makiko. — According  to  the  older  methods,  the  conversion  of  paper  stuff 
into  paper  was  effected  by  hand  labour,  paper  machines  being  of  comparatively  recent 
introduction.  L.  Robert,  of  Esonne,  France,  was  the  first  to  construct,  in  1798>  s 
small  machine,  and  bring  it  into  use.  In  Germany  the  first  paper  machine  was  set 
up  at  Weida,  in  1819,  by  A.  Eeferstein. 

Hand  Paper. — The  manufacture  ofhandpaper  is  at  the  present  time  only  of 
secondary  importance ;  it  requires  too  much  time  and  skilled  labour  for  it  to  competa 
with  machine-made  paper.  Only  paper  for  special  purposes,  such  as  filtering  paper, 
is  now  made  by  hand. 

The  contents  of  several  hoUanders  are  united  in  one  large  vat,  and  diluted  '^th 
water  to  form  a  thin  milky  paste.  Across  the  top  of  the  vat  is  a  perforated  plank 
called  the  great  bridge.  During  the  operation  the  pulp  in  the  vat  is  kept  continually 
stirred  to  prevent  the  fibre  from  settling  to  the  bottom,  and  it  is  also  kept  warm 
either  by  the  admission  of  steam  or  by  a  special  furnace.  The  formation  of  the 
paper  is  accomplished  in  the  so-called  mould  which  is  a  rectangular  wooden  frame, 
spanned  with  mie  wire  gauze,  and  corresponding  to  the  size  of  the  sheet  of  paper  re- 
quired. This  mould  is  dipped  by  a  workman  into  the  paper  pulp  and  lifted  out 
again  in  a  horizontal  position,  so  that  it  remains  filled  wiUi  pulp  to  the  height  of  tha 
movable  sides  or  deckel  of  the  frame  of  the  mould.  The  water  drops  through  the 
meshes  of  the  gauze,  leaving  the  fibre  upon  the  wires  to  form  the  sheet  of  paper,  a 
process  which  is  hastened  by  shaking  the  frame.  The  water  falls  back  mto  til* 
vat,  but  in  order  to  prevent  the  pulp  from  becoming  thus  too  much  diluted,  fresh 
stuff  is  added  from  time  to  time.  The  thickness  of  the  paper  therefore  is  depen- 
dent upon  the  consistency  of  the  pulp  and  the  height  of  t^e  side  or  deckel  of  the 
mould. 

After  the  greater  part  of  the  water  has  run  through,  the  mould  is  placed  for 
further  dnuning  on  the  bridge.  A  second  workman  then  reverses  the  mould,  so  as 
to  bring  the  paper  underneath,  upon  a  sheet  of  felt,  an  operation  that  is  termed 
couching.  Upon  the  removsl  of  the  mould  the  paper  is  left  upon  the  felt.  On 
this  is  placed  another  sheet  of  felt,  then  another  of  paper,  and  this  is  repeated  until  a 
post  is  formed  consisting  of  sheets  of  paper  and  felt  alternately.  The  post  is  al- 
lowed to  stand  some  time  that  the  felt  may  absorb  the  water,  and  then  it  is  placed 
in  the  press  and  pressure  applied  so  long  as  any  water  runs  away.  The  sheets  of 
paper  and  felt  are  then  separated,  and  paper  of  good  quality  is  submitted  to  the 
same  operation  once  or  twice  more,  but  ordinanr  paper  is  at  once  dried  after  the  first 
pressing.  In  order  to  prevent  mould,  the  felts  require  to  be  occasionally  dried. 
The  paper  is  dried  by  hanging  it  on  lines  \ti  a  suitable  drying  room. 

Machine  Paper. — In  the  manufacture  of  machine  paper,  the  paper  stuff  froaa 
at  least  six  hollanders  is  brought  ihto  a  large  common  reservoir,  whero  it  is  diluted 
with  water  according  to  the  thickness  of  the  paper  to  be  made ;  for  thick  paper  only 
a  small  quantity  of  water  being  added,  and  for  thm  paper  moro.  A  stirrer  is  kept 
continually  in  action  to  provent  the  fibro  sinking  to  the  oottom.    From  the  reoenroir 
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into  the  rat,  a  special  mechanical  arrangement  being  nsed  to  reffolate 
From  the  rat  it  passes  to  the  paper  machine,  but  before  doing  so  it  is  fre- 
nbjected  to  an  operation  for  the  removal  of  any  sand  or  lumps  present.  The 
yn^t  to  be  attamed  in  the  paper  machine  are  to  remove  the  greater  port  of 
r  &om  the  pnlp,  to  effect  the  felting  of  the  fibres,  to  form  the  sheet  of 
d  finally  to  dry  the  latter.  The  pnlp  flows  first  on  to  an  endless  band  of 
te,  which  is  carried  forward  on  a  numDer  of  small  rollers,  by  which  arrange- 
web  is  kept  in  an  exactly  horizontal  position.  On  each  side  of  the  wire 
d  trarelling  at  the  same  rate,  is  an  india-mbber  band,  forming  the  sides  or 
The  draining  off  of  the  water  and  the  felting  of  the  fibres  isbastened  by  a 
ideways  motion.  As  the  pnlp  is  carried  forward  on  the  gauze  band,  the 
part  of  the  water  falls  through  the  meshes,  whilst  the  fibres  remain  and 
noire  and  more  compacted  into  a  sheet  of  paper.  The  water  collects  below, 
ised  by  a  turbine  arrangement  asain  to  the  reservoir,  where  it  is  used  for 
dng  of  a  fresh  quantity  of  stuff  from  the  hollanders.  A  f^her  portion  of 
r  is  removed  by  passing  the  ^uze  band  over  a  series  of  open  chambers 
e  pulp  is  subjected  to  the  action  of  an  aspirator.  Kaufinann's  apparatus, 
a  recently  been  introduced  for  this  purpose,  is  shown  in  vertical  section  in 
It  consists  of  a  wooden  chamber  divided  into  parts,  over  which  the  endless 
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The  width  of  the  band  dof's  not  however  correspond  with  the  length 
amber,  but  the  edges  of  the  cloth  run  over  the  partitions  (■  b^  leaving  on 
le  ft  free  space  (o  o).  Into  the  latter  from  the  pipes  (r  b)  througn  the  fomiels 
mtinual  stream  of  water  runs,  so  as  to  continually  overflow  the  chambers 
1  thus  Ibrm  an  air-tight  water  barrier  between  the  gauze  band  and  the  trans- 
isioofl  (b  b),  which  is  essential  to  prevent  outside  air  gaining  admission  to 
«tion  chamber.  A  second  bottom  (o)  runs  from  end  to  end  of  the  chamber ; 
Qtre  of  i^  is  a  round  opening  (h)  establishing  a  communication  between  the 
d  knrer  divisions.  From  the  lower  division  a  pipe  (s)  runs  perpendicularly 
osel  standing  about  4  feet  lower,  and  fllled  with  water,  below  the  surfiftce  oi 
le  end  of  the  pipe  dips.  To  set  the  aspirator  in  action,  the  lower  space  is 
th  water  up  to  the  &]se  bottom  (o),  the  wire-gauze  band  supporting  the 
brought  over  the  chamber,  and  the  cock  (x)  is  opened.  As  soon  as  the 
na  off  through  the  pipe  (s),  a  partial  vacuum  is  established  in  the  upper 
of  the  chamber,  and  tnis  exercises  a  compressing  and  absorbing  action  upon 
rmass. 

r  the  paper  has  passed  the  absorption  apparatus  it  is  carried,  still  veiy  moist 
V  between  two  cylinders  covered  with  felt,  where  it  undergoes  pressure, 
ase  cylinders  the  sheet  of  paper  is  carried  on  an  endless  buid  of  felt  to 
pair,  constructed  of  cast  iron,  hollow,  and  very  smooth,  between  which  it  is 
preesed.  It  then  passes  on  to  a  second,  but  diy,  band  of  felt^  and  is  carried 
a  third  pair  of  cylinders,  but  this  time  the  paper  is  reversed  so  that  the 
ch  had  in  the  previous  pressing  lain  next  to  tne  felt  is  now  next  to  the 
The  paper  next  passes  to  the  drying  apparatus,  consisting  of  three  hollow 
nders  heated  by  steam  admitted  througn  their  hollow  axes ;  it  is  carried 
lese  three  cylinders  in  succession,  being  pressed  against  the  hot  surfiice  by  an 
aand  of  felt.  The  second  and  third  drying  cylinders  have  each  in  connection 
m  a  smooth  iron  pressing  cylinder,  by  which  a  flnal  pressini^  and  glazing  is 
I  to  the  paper.  In  some  of  the  newer  machines,  however,  the  paper  passes 
two  more  pair  of  polished  iron  pressing  cylinders,  by  which  means  a  satiny 
is  impartea  to  it.     Otherwise  it  passes  from  the  drying  cylinders  to  the 
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cutting  machine,  where  it  is  first  slit  into  strips  lengthwise,  and  then  cut  traiM- 
versely  into  sheets.  After  the  catting,  the  sheets  are  sorted,  and  defective  sheets 
thrown  out,  and  the  finer  kinds  are  submitted  to  further  glazing  operations  hj 
pressure  between  polished  metal  cylinders  or  between  metal  plates  in  a  hydranbc 
press. 

Where  no  size  has  been  added  to  the  paper  stuff,  or  in  the  case  of  papers  which 
are  required  to  have  a  well-sized  surface,  and  therefore  have  to  undei^  an  after 
sizing,  an  arrangement  for  sizing  is  sometimes  worked  in  connection  with  the  paper 
making  machine.  The  size  is  contained  in  a  wooden  trough  lined  with  sheet  copper, 
and  heated  by  a  jet  of  steam  opening  at  the  bottom  of  the  trough.  The  paper  com- 
ing from  the  drying  cylinders  is  carried  round  the  under  surface  of  a  wooden  cylinder 
which  dips  below  the  lerol  of  the  sizing  liquid  in  the  trough,  then  between  copper 
cylinders  by  which  any  excess  of  size  is  removed,  the  quantity  remaining  being  rega- 
lated  by  approximation  or  separation  of  the  cylinders. 

Coloured  Papkbs. — Pulp  coloured  papers  are  prepared  by  adding  the  colouring 
materials  to  the  paper  stuff  whilst  in  the  hoUander. 

Yellow  paper  is  made  by  adding  zinc  oxide,  ferrous  sulphate,  decoctions  of 
Campeachy  or  Pemambuco  wood,  or  umber ;  but  lead  chromate  is  principally  used. 
Payen  recommends  for  /lOO  parts  by  weight  of  dry  paper  stuff  25  parts  of  basic  lead 
acetate  and  4^  parts  of  potassium  bichromate. 

Blue. — For  ordinary  papers  Berlin  blue  is  used,  and  ultramarine  fbr  the  finer. 
Indigo  is  but  little  used.  A  decoction  of  Campeachy  wood  with  ferrous  sulphate 
and  potasHium  ferrocyanide  produces  a  dark  blue  paper.  Payen  gives  for  50  parts  of 
paper  stuff  2^  parts  of  ferrous  sulphate  and  1  ^  parts  of  potaflsium  ferrocyanide. 
But  as  paper  stuff  has  usually  a  yellowish  tone,  which  with  the  blue  would  give  a 
green  shade,  to  prevent  this  a  little  red  is  added. 

Green  is  almost  always  prepared  by  mixing  yellow  and  blue,  because  the 
cheaper  greens  cannot  be  used  on  account  of  their  poisonous  properties.  Lead  chro- 
mate is  used  together  with  Berlin  blue  or  ultramarine.  According  to  Payen  50  parts 
of  paper  stuff  require  1^  of  his  yellow,  and  3  parts  of  his  blue. 

Red  is  usually  coloured  with  Pemambuco  wood,  chiefly  with  an  addition  of  alum, 
aluminum  sulphate,  zinc  chloride,  etc.  A  more  beautiful  red  is  yielded  by  safflower 
or  carmine,  though  both  these  colouring  materials  are  too^ear. 

Violet  is  prepared  by  mixing  blue  and  red,  or  with  extract  of  logwood. 

Rose  is  prepared  by  adding  6  parts  of  extract  of  Lima  wood  to  60  parts  of  dry 
paper  stuff. 

Brown  is  yielded  by  ochre,  umber,  or  a  mixture  of  chrome  yellow  and  green 
vitriol,  with  Pemambuco  wood,  Berlin  blue,  etc. 

Chamois  is  obtained,  according  to  Pnyen,  by  using  3  parts  of  double  ferrous  and 
cupric  sulphate  and  3  parts  of  chloride  of  lime  with  50  parts  of  paper  stuff. 

Grey  and  black  are  produced  by  means  ot  ferrous  sulphate  and  extract  of  galls, 
as  well  as  by  mixture  of  different  colouring  stufb  in  certain  proportions  ;  decocti(ni 
of  Campeachy  wood  with  ferric  nitrate;  aUo  Orleans  umber,  Berlin  blue,  lamp 
black,  etc. 

In  the  preparation  of  ordinary  packing  papers  the  coloured  rags  are  some- 
times assorted  and  worked  up  into  paper  without  bleaching,  blue  paper  being  ob- 
tained from  blue  rags,  brown  from  brown,  etc.  Papers  inade  according  to  this 
method  are  called  nature-coloured  or  nature  papers.  But  the  colours  never 
being  very  fine,  they  are  seldom  made. 

Sitrf ace-coloured  paper  differs  from  pulp-coloured  paper  in  not  being  coloured 
throughout  the  body  of  the  paper,  but  only  on  the  surface,  on  one  or  ^th  sides. 
For  this  purpose  the  most  insoluble  colouring  materials,  or  body  colours  are  used, 
such  as  ultramarine,  Berlin  blue,  chrome  yellow,  ochre,  etc.  The  colour  is  retained 
upon  the  surface  of  the  paper  by  means  of  a  kind  of  cement,  for  which  purpose 
ordinary  size  dissolved  in  water,  or  the  so-called  alum  size  (alum,  1  part;  size,  2 
parts ;  water,  10  parts)  is  generally  used.  In  the  preparation  of  a  specially  durable 
surface-paper  a  second  coating  of  lime  and  alum  is  given.  Instead  of  ordinary  size 
gum  may  be  used,  but  not  starch  paste,  as  that  would  allow  the  colour  to  be  easily 
efbced. 

The  colouring  is  done  either  by  hand  with  a  brush,  or  by  a  colouring  machine. 
In  the  latter  case  the  paper  passes  in  a  long  band  over  a  colour  cylinder  which  takes 
up  the  colour  from  the  trough  beneath,  next  over  an  endless  gum  cloth,  and  then 
through  several  smoothing  cylinders  provided  with  brushes,  some  working  longi- 
tudinally, and  others  transversely,  by  which  means  the  colour  is  spread  equally  over 
the  paper.  The  coloured  paper  then  goes  to  the  drying  cylinders,  which  are  heated 
with  steam,  and  is  finally  wound  on  a  roller. 

Amongst  surface  papers  must    also  be  included  marble  paper,  rainbow 
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paper,  and  paper  hangings,  each  of  these  being  again  subdivided  according  to 
the  pattern. 

In  the  preparation  of  marble  or  Turkish  paper  a  very  thick  mucilage  of 
tragacanth,  wiui  a  little  alum  added,  is  placed  in  a  shallow  trough,  which  at  the  top 
is  of  rather  larger  dimensions  than  the  sheet  of  paper  to  be  marbled.  Upon  this 
mucilage  the  marble  pattern  is  formed  by  sprinkling  on  it  finely  triturated  colouring 
materials  with  a  brush.  The  colours  di£Rise  through  the  mucilage,  running  into  each 
other.  Into  this  liquid  the  paper  is  carefully  laid  so  air  to  bring  the  whole  of  the 
surface  into  contact  with  it,  and  then  taken  out  and  dried.  Granite  paper  is 
prepared  by  sprinkling  the  different  colours  one  upon  another  upon  the  paper  by 
means  of  brushes.  Mottled  paper  is  prepared  by  sprinkling  drops  of  a  dark  colour 
on  paper  to  which  the  ground  colour  has  been  already  given.  Before  the  sprinkling 
the  paper  is  moistened  on  the  reverse  side  and  spread  out  upon  a  smooth  boanl ; 
after  the  sprinkling  the  board  is  sloped  so  as  to  cause  the  spots  to  run. 

Rainbow  paper  is  made  by  using  a  brush  as  wide  as  the  paper,  and  formed  of 
ns  many  separate  brushes  as  the  number  of  bands  to  be  produced.  This  is  dipped 
carefully  into  a  colour  box,  which  is  divided  into  compartments  corresponding  with 
the  brush  and  filled  with  different  colourod  pigments,  and  then  passed  over  the  paper 
so  as  to  produce  a  number  of  parallel  lines  ;  these  are  afterwards  blended  into  one 
another  with  a  second  brush.  (Sometimes  the  stripes  are  printed  on  by  means  of  a 
mould. 

Faper  hangings  are  printed  by  means  of  blocks  on  which  the  pattern  stands  in 
relief.     The  operation  resembles  ordinary  calico  printing. 

Gold  and  silver  papers  are  prepared  by  laying  gold  or  silver  leaf  respectively 
upon  paper  to  which  a  ground  colour,  which  is  reddish-yellow  for  gold  and  white  for 
silver,  is  rubbed  up  with  gimi  solution ;  the  leaf  is  either  laid  upon  it  whilst  it  is 
stiU  moist,  or,  if  it  has  l>ecome  perfectly  dry,  is  brushed  over  with  varnish,  to  which 
the  leaf  adheres.  After  the  metal  leaf  has  been  laid  on,  which  has  to  be  done  care- 
fully to  prevent  imovenness  or  flaws,  it  is  pressed  down  with  cotton  wool,  and  the 
sheet  is  then  glazed  and  dried. 

Usually,  in  order  to  impart  a  shining  surface  to  these  papers,  they  are  glazed,  satined, 
or  varnished.  The  glazing  is  effected  by  means  of  a  polished  stone  moving  to  and  fro 
under  the  pressure  of  a  spring  or  a  weight.  The  satming  is  done  by  scattering  upon 
the  surface  fragments  of  French  chalk,  and  working  it  with  a  brush :  lastly,  a 
solution  of  gelatine  or  of  isinglass  is  used. 

OmisB  Knros  op  Paper. — Morocco  paper  is  prepared  by  passing  the  paper 
between  a  bronze  cylinder,  in  which  the  pattern  is  engraved,  and  a  cylinder  covered 
with  paper.  After  the  embossing  is  effected  a  coat  of  copal  or  mastic  varnish  is 
given  to  the  paper.  Damask,  shagreen,  and  other  papers  are  prepared  in  a  similar 
manner. 

Kep  or  filagree  paper  can  be  prepared  on  the  ^aper  machine,  by  means  of  a 
cylinder  surrounded  by  a  brass  wire  work,  which  is  called  a  dandy  roller, 
placed  over  the  endless  band  between  the  absorption  chambers  and  the  first  pressing 
cylinders. 

The  brass  wires  are  separated  to  correspond  with  the  width  of  rep  required, 
which  is  produced  in  the  still  soft  paper  pulp  by  the  pressure  of  the  cylinder. 

The  water  mark  can  also  be  given  by  a  similar  arrangement,  but  in  this  case 
the  cylinder  is  covered  with  wire  cloth,  the  design  of  the  water  mark  (name  of  the 
maker,  coat  of  arms,  etc.)  being  worked  in  relief  in  fine  copper  wire.  In  the  produc- 
tion of  the  water  mark  in  bink  notes,  paper  money,  and  other  valuable  papers,  where 
the  greatest  regularity  is  required,  another  method  is  adopted.  The  design  is  worked 
in  brass  wire  on  the  inner  side  of  the  wire  cloth  of  a  hand  paper  motdd.  By  the 
settling  of  the  paper  stuff  there  is  formed  over  the  raised  design  a  thinner  layer  of 
paper  fibre  than  elsewhere,  so  that  the  paper  at  that  spot  is  thinner  and  more  trans- 
parent. The  difference  between  the  two  methods  consists  in  the  paper  produced  by 
the  former  being  equal  throughout  as  to  fibre :  the  part  covered  by  the  design  being  only 
compressed  together,  whilst  the  transparent  water  mark  in  the  latter  is  the  result  of 
a  thmner  layer  of  paper  fibre. 

Filter  paper  has  to  be  made  from  very  carefully  purified  fibres,  which  are  also 
specially  suited  to  yield  a  paper  of  sufficient  strength  to  sustain  in  the  filter  form  the 
pressure  of  the  liquor  to  be  filtered  without  bursting.  With  this  object  linen  rags 
well  washed  and  treated  with  ley  are  first  submitted  to  a  careful  pulping,  and  then 
to  a  not  too  energetic  treatment  with  chlorine  gas  ;  or,  better  still,  chloride  of  lime. 
The  pulp  thus  obtained  is  perfectly  freed  from  adhering  lime  by  means  of  dilute 
hydrochloric  acid,  and  afterwards  thoroughly  washed  with  very  pure  water ;  it  is  then 
ready  for  working  into  paper. 
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A  grey  filter  paper,  of  more  spongy  propertdef  azid  filtering  more  rapidly  than 
the  preceding,  is  obtamed  by  using  a  miztnre  of  cotton  rags  and  linen.  In  oraer  to 
save  the  fibre  it  is  not  specially  treated  with  ley  or  bleached,  but  passes  from  the 
hoUander  to  the  paper  mould.  Notwithstanding  the  most  careful  washing  the  filter 
paper  obtained  fh>m  this  stuff  generally  imparts  a  marked  smell  to  liquids  filtered 
through  it. 

Berzelius's  or  Swedish  filter  paper  is  characterised  by  the  greatest  pnri^, 
and  is  used  for  especially  delicate  analysis  m  chemical  laboratories.  As  a  raw  material 
new  linen  is  used,  which  has  been  first  bleached  according  to  the  old  method  of  ex- 
posing it  kept  constantly  wet  on  the  ground  in  the  open  air.  The  moist  stuff  is 
placed  in  a  reservoir  where  it  undergoes  a  kind  of  fermentation,  during  which  a 
number  of  pectous  and  glutinous  substances  pass  into  the  soluble  form ;  but  the  too- 
cess  must  be  carefully  watched,  as  the  cellulose  itself  may  easily  be  attacked.  Tlie 
stuff  tiius  prepared  is  treated  with  a  strong  ley,  pulped  in  the  hollander,  washed  with 
dilute  hydrochloric  acid  (1  of  acid  to  10  of  water),  and  finally  washed  with  waterimtll 
Uie  last  trace  of  acid  disappears.  It  is  then  worked  into  paper  by  hand,  and  dried 
without  sizing.  Host  of  the  fibres  of  this  paper  have  a  length  of  from  ^  to  ^  of  an 
inch. 

Parchment  paper  or  vegetable  parchment  is  prepared  by  steeping  un- 
sized paper  (filter  or  blotting  paper)  in  slightly  diluted  sulphuric  acid  (8  parts  of 
English  acid  to  1  part  of  water).  The  thicker  the  paper  the  longer  the  add  must  be 
allowed  to  act.  Ordinary  paper  should  not  lie  more  than  twenty  seconds  in  the 
acid,  because  it  otherwise  becomes  brittle.  It  is  then  washed  with  water,  next  with 
ammonia,  and  again  with  water,  to  remove  the  sulphuric  add.  A  machine  for  the 
manufacture  of  parchment  paper  has  been  constructed,  in  which  a  band  of  paper  is 
passed  first  through  sulphuric  acid,  then  through  ammonia  twice,  and  afterwards 
drawn  over  felt  and  drying  cylinders. 

Mqxboabs  and  Pastieboabd.— In  the  manufacture  of  millboard,  rags  that  are  not 
suited  for  ordinary  paper,  wood  stufE)  straw  stufE)  potato  skins,  beet  pressings,  and 
paper  refuse,  may  be  used  as  raw  materiaL  The  rags  are  converted  in  the  ozdinaiy 
hollander  into  a  coarse  stuff.  In  the  preliminary  preparation  of  potato  skins 
and.  beet  pressings  they  are  treated  with  dilute  hydrochloric  add  at  48^  to  60^, 
then  washed  again  with  water  and  mixed  with  1  to  2  per  cent,  of  i^Tntmini^ 
A  pectinate  of  ammonia  is  thus  formed,  which  gives  to  the  mass  a  glutinous  pro- 
perty. To  give  it  the  requisite  fimmess  there  is  mixed  with  it  10  per  cent,  of 
ordinary  paper  stuff  from  rags.  Old  paper  and  paper  reflise  are  soaked  in  water,  and 
allowed  to  undergo  fermentation  during  fifteen  to  thirty  days,  after  which  they  are 
ground,  still  wet,  between  millstones.  Generally  there  is  added  to  stuff  to  be  used 
for  millboard,  before  moulding,  about  one-fourth  of  its  weight  of  clay,  chalk,  or  simi> 
lar  substance. 

The  ordinary  paper  moulds  are  generally  used  in  the  same  way  as  for  hand  paper, 
the  sides  of  the  frame  of  the  mould  beinff,  however,  higher  to  hold  the  necessaiy 
thickness  of  stuff  The  couching  and  pressing  between  felt  is  the  same  as  in  hand- 
made paper,  after  which  the  bos^rds  are  dried  separately.  Ordinary  millboard  mav 
also  be  noade  with  a  machine,  consisting  of  a  cylinder  covered  with  wire  gauze,  which 
moves  in  a  trough  supplied  with  pulp.  The  cylinder  becomes  coated  wi&  a  layer  of 
pulp,  from  which  the  greater  part  of  the  water  is  removed  by  a  couching  cvlinder 
pressing  against  it ;  the  pulp  thus  acquires  a  degree  of  firmness,  and  can  then  be 
carried  on  an  endless  band  of  felt  between  the  pressing  cylinders,  after  which  it  is 
dried,  wound,  and  cut. 

A  finer  fabric,  the  couched  millboard,  is  made  by  pressing  together  freshly 
drained,  but  still  moist,  sheets  of  paper.  It  has  the  advantage  over  the  preceding  of 
beiuff  uniform  in  thickness,  it  not  being  possible,  in  dealing  with  the  quantity  of  pulp 
required  for  a  sheet  of  millboard,  to  deposit  it  equally  in  the  mould.  Moreover, 
better  materials  are  used  for  the  couched  millboard,  such  as  coarse  linen  rags, 
oakum,  rope,  etc ;  straw  and  wood  stuff  can  also  be  added. 

Pasteboard  is  made  by  fixing  sheets  of  finished  paper  one  upon  another  ^ 
means  of  paste.  In  this  way  the  finest  cardboard,  used  tor  playing-cards,  etc,  \» 
made. 

Glazed  boards  and  similar  hard  substances  may  be  made  by  the  couching 
method.  In  this  case  the  stuff  must  be  sized  in  the  vat,  and  upon  the  inner  side  ci 
the  mould  is  laid  a  sheet  of  paper  made  from  a  long-fibred  stuff;  also  great  care  is 
used  in  the  subsequent  pressings. 

Papier  rnAch^  is  made  by  stirring  up  waste  paper  or  paper  refuse  to  a  paste 
with  water  and  sand,  day,  or  chalk,  removing  the  greater  part  of  the  water  by  pres- 
sure, sizing  the  mass  thus  obtained  with  bone  size  or  paste,  and  then  pressing  it  into 
oiled  moulds.    The  moulded  object  is  dried,  soaked  in  Imseed  oil,  and  baked.    A  kind 
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of  papier  mAch^  is  also  made  by  pasting  separate  sheets  of  paper  upon  each  other 
in  a  wooden  mould,  and  subsequently  taming  the  axart&ce  in  a  lathe. 

Tbstino. — Paper  which  has  been  sized  with  animal  sise  can  be  distin^foished 
from  that  sized  with  resin  size,  as  the  latter  always  contains  starch,  which  giTes  an 
intensely  blue  colour  when  brought  into  contact  with  dilute  solution  or  vapour  of  iodine. 
The  resin  may  be  extracted  by  treating  the  paper  first  with  a  dilute  acid,  and  then, 
after  drying,  with  alcohol,  which  dissolves  out  the  resin  set  free  by  the  acid ;  upon 
evaporation  of  the  alcohol  the  resin  is  left  as  a  residue.  The  amoimt  of  animal  size 
used  might  be  estimated  by  an  elementary  analysis  for  nitrogen ;  the  quantity  of 
nitrogen  corresponds  to  about  one-fifth  of  the  size.  But  it  is  here  assumed  that  the 
paper  consists  of  vegetable  fibre.  In  unsized  paper  the  quantity  of  wool  or  silk 
fibre  present  may  be  ascertained  by  a  nitrogen  estimation. 

Paper  containing  an  admixture  of  mineral  substances,  such  as  gypsum,  heavy 
spar,  lead  sulphate,  etc. — which  has  for  its  object  to  increase  the  weight  of  the 
paper,  but  diminishes  its  firmness — can  easily  be  recognised.  If  the  paper  is  pure, 
it  should  leave  only  |  to  f  per  cent  of  ash ;  a  larger  proportion  of  ash,  provided  that 
the  water  used  in  the  manufacture  was  not  very  nard,  would  indicate  an  admixture. 
An  admixture  of  lead  sulphate,  which  may  act  injuriously  if  the  paper  be  used  for 
wrapping  food  in,  may  be  detected  by  ammonium  sulphide,  which  will  give  a  dark 
brown  spot  where  the  paper  is  touched  with  it. 

filter  paper  should  be  tested  for  the  amount  of  ash,  that  being  the  best  which 
contains  the  smallest  quantity. 

The  material  used  for  the  blue  colouring  of  a  paper  may  be  recognised  as  follows. 
Berlin  blue  is  not  attacked  by  acids,  whilst  it  is  decolourised  by  aUuilies.  Ultrama- 
rine  is  decolourised  by  acids,  with  evolution  of  sulphuretted  hydrogen.  Cobalt 
blue  is  decolourised  by  either  acids  or  alkalies ;  its  presence  may  be  confirmed  by  in- 
einerating  the  paper,  and  fusing  the  ash  with  borax  under  the  blowpipe  fiam^,  when 
cobalt  forms  a  blue  glass.  Copper  may  be  detected  by  treating  the  paper  ash  with 
hot  hydrochloric  acid,  and  supersaturating  the  clear  filtered  solution  with  ammonia, 
when  if  copper  be  present,  a  blue  colour  is  produced. 


PECTOnS    SUBSTANCES. 

The  sabstances  comprised  under  this  name  are  generally  charaeterised  by  the 
formation  of  a  gelatinous  mass  or  viscous  solution  when  acted  upon  by  heat  and  dilute 
acids.  The  change  that  takes  place  in  the  ripening  of  fmit  is  to  a  great  extent  due 
to  the  modification  of  which  these  substances  are  susceptible. 

Pectous  substances  occur  in  the  intercellular  spaces  of  different  plants,  and  serre 
the  purpose  of  cementing  together  parenchymatous  cells.  In  order  to  see  ttda,  it  is 
only  necessary  to  cut  a  thin  slice  from  the  potato,  parsnip,  beet  root,  or  the  epidermal 
tissues  of  the  Ciictus.  The  slices  are  washed  with  distilled  water  so  long  as  tne  latter 
tiikes  up  soluble  matter  from  them,  they  are  then  digested  from  a  fortnight  to  a  month 
with  dilute  solution  of  hydrochloric  acid,  the  whole  being  kept  at  a  temperature  be- 
tween 15^  and  A0°,  and  finally  the  slices  are  taken  out  and  washed  with  pure  water. 
The  tissue  remains  after  this  treatment  quite  intact,  the  indiTidual  cells  remaining 
connected  together,  and  connected  with  the  bundle  of  vessels  which  cover  them,  as  weU 
as  with  the  epidermal  layer.  If  a  little  ammonia  be  added  to  the  water,  in  a  very  short 
time  the  pectic  acid  which  has  been  separated  from  its  calcium  salt  by  the  action  of 
the  hydrochloric  acid,  dissolves,  and  the  parenchyma  cells  separate  from  one  another 
on  the  slightest  touch,  while  the  cuticle  and  epidermis,  as  well  at  the  starch-beariog 
cells,  remain  entirely  imaltered.  This  experiment  proves  that  the  pectous  substances 
occur  as  intercellular  masses. 

Pbctase. — Together  with  the  pecious  substances  plants  contain  a  neutral  non- 
crystallisable  substance,  which  resembles  diastase  in  its  properties,  and  has  conse- 
quently received  the  name  of  pectase.  It  possesses  the  property  of  converting  a  sub- 
stance, pectose,  presently  to  be  described,  into  pectic  and  pectosic  acids.  Pectase 
occurs  in  a  soluble  and  insoluble  form. 

Pectase  is  dissolved  in  the  juice  of  turnips,  carrots,  and  other  roots,  for  this  juice 
possesses  the  property  of  converting  pectin  into  pectic  acid.  The  flesh  of  unripe 
apples  contains  pectase  in  the  insoluble  form,  and  when  reduced  to  a  pulp,  and  washed 
with  water  to  remove  all  the  juice,  the  washed  residue  is  capable  of  converting  pectin 
into  gelatinous  pectic  acid  and  pectosic  add. 

Soluble  pectase  is  precipitated  and  rendered  insoluble  by  alcohol.  The  washe'! 
precipitate  coagulates  pectin,  while  the  supernatant  liquid  exhibits  an  indifferent 
deportment.  Aqueous  solutions  of  pectase  decompose  easily,  a  mould  rapidly  forms 
upon  them,  and  they  lose  the  property  of  acting  upon  pectin ;  their  activity  is  also 
destroyed  by  boiling. 

Pectous  substances  are  noncrystallisable ;  man^  of  them,  such  as  pectic  add  and 
pectosic  acid,  gelatinise  and  retain  in  this  condition  a  very  large  amount  of  water. 
This  property  of  gelatinising  was  the  cause  of  attention  being  drawn  towards  these 
substances ;  it  is  also  presented  by  a  few  other  substances,  such  as  geloee  and  dialose. 
which  m  this  respect  resemble  pectous  substances. 

Pbctose. — This  substance  has  not  as  yet  been  isolated,  but  its  existence  is  inferred 
from  the  origin  of  the  other  pectous  compounds — ^pectin,  pectic  acid,  and  pectoeic  add 
— which  are  supposed  to  be  formed  from  it. 

Pectose  occurs  in  certain  roots,  such  as  carrots,  turnips,  etc.,  and  in  most  unripe 
fruits.  Under  the  joint  influence  of  acids  and  heat  it  is  dianged  into  pectin.  In  the 
cold  not  even  concentrated  sulphuric  acid  has  any  effect  upon  pectose,  a  mixture  of 
sulphuric  add  and  pectose  not  producing  pectin  even  after  standing  many  days ;  on 
the  other  hand,  when  pectose  is  boiled  for  a  short  time  with  water  slightly  acmulated 
the  change  takes  place  at  once.  The  hardness  of  unripe  fruit  is  due  to  peetoee,  and  the 
softening  of  fruit  when  it  ripens,  or  when  it  is  boiled,  is  owing  to  the  cosversion  of 
pectose  into  pectin. 

Pbctin. — This  substance  does  not  occur  in  unripe  fruit,  but  is  formed  when  the  fruit 
is  boiled,  by  the  action  of  malic  and  citric  acids  upon  pectose,  also  when  turnip  pulp  is 
boiled  with  slightly  addulated  water.  Pectin  i.s  most  easily  prepared  fitmi  mUy  ripe 
fruit,  such  as  juicy  pears  which  are  grated,  auvl  the  juice  pressed  out  and  illterea. 
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The  calcium  compounds  contained  in  the  juice  are  got  rid  of  b^  treating  the  juice  with 
oxalic  acid,  and  the  albumiu  is  separated  by  means  of  tannin.  The  clear  liquid  is 
then  mixed  with  alcohol,  which  precipitates  pectin  as  a  stringy,  doughy  mass,  which 
is  washed  with  alcohol,  again  dissolved  in  water,  and  once  more  precipitated  with 
alcohol,  these  operations  being  repeated  four  or  five  times,  until  the  liquid  when  tested 
ceases  to  give  indications  of  sugar. 

Pectin  can  be  easily  obtained  from  unripe  fruit  and  from  roots.  The  pulp  is 
washed  with  water,  pressed  out,  stirred  up  with  dilute  hydrochloric  acid,  and  the 
whole  then  digested  for  a  few  days  in  the  cold.  Pectin  is  then  precipitated  from  the 
expressed  liquid  by  adding  alcohol. 

The  composition  of  pure  pectin  may  be  represented  by  the  formula,  C„R^fi^AB.J^. 
It  is  a  colourless  nonciystallisable  body,  soluble  in  water,  and  is  precipitated  by 
alcohol  from  its  concentrated  solutions,  m  the  form  of  doughy  threads,  from  dilute 
solutions  as  a  gelatinous  mass.  Lead  acetate  gives  a  precipitate  only  with  parapectiu ; 
tribanc  lead  acetate,  precipitates  pectin  completely.  The  alkaline  bases,  lime  and 
magnesia,  combine  with  pectin,  forming  pectates,  which  are  decomposed  by  acids 
yielding  gelatinous  pectic  acid.  Pectin  does  not  influence  a  ray  of  polarised  light. 
When  heated  with  acids  pectin  is  changed  into  metapectic  acid.  By  the  action  of 
pectase  it  is  converted  into  pectic  acid  and  pectosic  acid. 

Pabafbctik. — Pectin  when  boiled  with  water,  loses  its  doughy  consistency,  and  is 
changed  into  parapectin.  The  new  compound  is  not  crystallisablo  ;  it  is  neutral,  and 
is  precipitated  from  its  solutions  by  alcohol  in  the  form  of  a  transparent  jelly.  Para- 
pectin may  be  distinguished  from  pectin  by  being  precipitated  from  its  solutions  by 
lead  acetate.  Parapectin  dried  at  a  temperature  of  100°  has  the  same  composition  as 
pectin  ;  at  1 40°  it  loses  water,  and  may  be  represented  by  the  formula,  Cj^H^^O,, ;  it 
has  then  the  same  composition  as  in  the  lead  oxide  compound.  Panipectin  when 
boiled  with  acids  is  changed  into  an  acid — parapectic  acid,  which  is  precipitable  by 
alcohol,  and  unites  with  alkaline  bases,  forming  compounds  which  are  isomeric  with 
the  compounds  of  pectin  and  parapectin,  but  arc  distinguishable  from  them  by  yields 
ing  a  precipitate  with  barium  chloride. 

Pbctosic  Acid. — This  acid  is  insoluble  in  the  presence  of  acids,  and  is  but  slightly 
soluble  in  pure  cold  water ;  it  dissolves,  however,  iu  boiling  water,  and  forms  a  jelly 
upon  cooling.  Boiling  water  converts  pectosic  acid  quickly  into  pectic  acid,  the  same 
effect  being  produced  in  the  cold  by  pectase,  and  an  excess  of  alkaline  bases. 

Pectosic  add  is  formed  by  acting  upon  pectin  with  cold  solutions  of  potash,  soda, 
or  their  carbonates,  or  ammonium  carbonate  ;  gelatinous  pectosates  are  thus  produced, 
which  yield  gelatinous  pectosic  acids  when  decomposed  with  acids.  Pectosic  acid  is 
also  formed  when  pectase  reacts  upon  a  solution  of  pectin.  Pectosic  acid  is  dibasic ; 
its  composition  may  be  represented  by  the  formula  C^H^sO,). 

Pkctic  Acid. — This  acid  occurs  abundantly  in  plants,  as  a  calcium  salt  forming  the 
intercellular  substance  of  a  number  of  tissues,  as  in  the  pith  of  Aralia  papyrifera. 
Pectic  acid  is  also  produced  by  the  action  of  soluble  or  insoluble  pectase  upon  aqueous 
solutions  of  pectin  at  a  temperature  of  30°. 

Gelatinous  pectic  acid  is  insoluble  in  cold  water,  and  but  slightly  soluble  in  boil- 
ing water.  If  it  be  boiled  for  a  long  time,  replacing  the  water  that  evaporates,  it  is 
changed  into  metapectic  acid,  a  deliquescent  and  non-gelatinous  substance.  An  excess 
of  caustic  alkalies,  or  their  carbonates,  transforms  pectic  acid  into  the  very  soluble 
metapectic  acid.  The  alkaline  pectates  when  treated  with  acids  yield  a  precipitate  of 
gelatinous  pectic  acid;  when  treated  with  calcium  chloride  they  yield  calcium 
pcctate. 

Pectic  add  is  obtained  by  boiling  crushed  carrots  with  a  very  dilute  solution  of 
alkaline  carbonate.  The  pectic  acid  is  in  this  case  formed  by  the  reaction  of  the 
alkalies  upon  pectose.  Aqueous  solutions  of  tJie  pectates  are  precipitated  by  calcium 
chloride,  and  the  calcium  pectate  formed,  washed  with  water,  decomposed  with  hydra- 
chloric  acid,  yields  pectic  acid. 

Pectic  acid,  when  boiled  with  alkalies,  soon  becomes  converted  into  easily  soluble 
metapectic  addL 

Pectic  acid  may  be  prepared  with  greater  facility  as  follows  :  Cactus  tissues,  that 
hare  been  previously  washed  with  water,  are  treated  for  a  few  days  with  dilute 
hydrochloric  acid  (1  part  acid,  9  parts  water).  The  calcium  pectate  of  the  inter- 
cellular substance  is  thus  decomposed,  and  the  pure  pectic  acid  remaining  may  then  be 
washed  out  from  the  tissues  completely  with  water  without  injuring  them  in  the  least, 
and  it  is  only  necessary  to  add  to  the  water  2  or  3  per  cent,  of  ammonia  in  order  to 
dissolve  the  pectic  add.  The  filtered  solution  decomposed  with  acid  yields  pure 
pectic  acid. 

Poetic  add  is  dibasic,  and  its  composition  is  represented  by  the  formula  Cg^H^^O^^ 
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It  18  diMolyed  by  mtcoaI  salts  of  the  alkalies,  forming  doable  salts  haying  an  add 
reaction,  which  when  dissolved  in  boiling  water  gelatinise  upon:  cooling. 

pARAFBcno  Acid. — This  acid  is  soluble  in  water ;  it  is  not  crystallisable.  It  is 
fosmed  by  prolonged  action  of  boiling  water  npon  pectic  acid.  The  soluble  and  in- 
soluble pectates  are  in  like  manner  converted  by  protracted  boiling  with  water  into 
parapectates. 

Farapectic  acid  has  a  very  acid  reaction;  it  combines  with  the  alkaline  bases, 
formine  soluble  salts ;  it  is  precipitated  from  its  aqueous  solutions  by  excess  of  baryta ; 
it  is  dibasic,  and  is  represented  ny  the  formula  CjiH^O,,. 

Mbtapbctic  Acid. — This  acid,  as  well  as  its  salts,  is  easily  soluble  in  water;  it  is  a 
non-ciystallisable  acid,  precipitable  from  its  solutions  by  basic  lead  acetate  in  presence 
of  ammonia.  The  metapectates  are  coloured  yellow  by  an  excess  of  bases ;  they  yield 
with  silver  nitrate  a  white  precipitate,  which  assumes  a  deep  brown  colour  when  boiled 
with  water. 

Metapectic add  is  formed  under  several  different  conditions:  1.  Spontaneously 
in  a  solution  of  pectin  in  the  course  of  a  few  days ;  more  easily  in  presence  of  peetase, 
the  solution  becoming  sour  and  then  no  longer  predpitable  by  alcohol.  2.  By  the  reaction 
ol  concentrated  acids  upon  pectin,  or  by  boiling  pectin  with  hydrochloric  add.  8.  By 
the  action  of  potash  or  soda  upon  pectin.  4.  From  pectic  add  when  suspended  in  water 
and  left  to  stand  two  or  three  months.  6.  Aqueous  solutions  of  parapectie  add  pass 
rapidly  into  metapectic  add.  6.  The  pectoee  of  the  intercellidar  substance  of  vanous 
fruits  and  roots  is  changed  by  the  action  of  lime  into  metapectic  add. 

Metapectic  add  is  also  dibadc,  and  has  a  constitution  represented  by  the  formula 

Scheibler  prepares  metapectic  add  by  heating  mangold-wurzel  pulp  witli  milk  of 
lime  on  a  water  bath,  decomposing  the  soluble  caldum  salt  with  ammonia,  and  pre- 
dpitating  the  solution  of  the  ammonia  salt — ^which  must  be  alkaline — with  basic  lead 
acetate.  The  lead  metapectate  is  then  decomposed  by  sulphuretted  hydrogen,  the 
free  acid  filtered  from  the  lead  sulphide,  and  decolorised  by  treating  it  with  animal 
charcoal. 

Metapectic  add  thus  obtained  is  a  colourless  liquid  with  very  acid  reaction ;  it  decom- 
poses carbonates.  Solutions  of  alkaline  metapectates  are  not  predpitated  by  solu- 
tions of  lime,  baryta,  strontia,  or  copper  salts.  The  acid  does  not  taste  sour,  although 
it  has  a  very  acid  reaction.  Metapectic  acid,  when  strongly  concentrated,  assumes  a 
viscous,  almost  doughy  consistency.  Solutions  of  the  add  have  the  same  spedfic 
gravity  as  sugar  solutions  of  the  same  concentration.  Metapectic  add  rotates  the 
plane  of  polarised  light  more  strongly  than  cane  sugar,  so  that  when  dextro-rotatory 
cane  sugar  and  metapectic  acid  occur  together,  as  is  the  case  in  the  sugar  juice  of  the 
factory,  1  '6  parts  of  the  cane  sugar  becomes  optically  inactive.  The  rotatory  power 
of  neutral  or  alkaline  solutions  of  metapectates  is  equal  to  that  of  the  add,  but  alters 
at  once  if  the  acid  be  heated  for  a  short  time  with  strong  inorganic  or  organic  adds. 
The  Isevo-rotatory  power  then  diminishes  rapidly  to  zero  and  passes  into  the  dextro- 
rotation, which  is  at  its  maximum  when  nearly  equal  to  the  original  Isevo-rotation. 
Metapectic  add,  when  treated  with  acids,  undergoes  a  complete  change  and  then  causes 
a  considerable  reduction  of  alkaline  solutions  of  copper.  Acids  convert  metapectic  add 
into  a  new  organic  acid  and  into  a  new  dextro-rotatory  sugar,  called  pectin  sugar. 
Metapectic  acid  belongs  accordingly  to  the  glucosides. 

Fbctuc  Sugah  ob  Psctinosb. — This  sugar  is  obtained  from  metapectic  acid  that 
has  been  altered  by  heating  for  some  time  over  the  water  bath  in  contact  with  sul- 
phuric add.  After  neutralising  with  barium  carbonate,  the  barium  sulphate  is  filtered 
off  and  the  filtrate  concentrated  by  evaporation  to  a  thin  syrup,  which  is  then  treated 
with  three  times  its  volume  of  90  per  cent,  alcohol,  which  predpitates  the  barium  salt  of 
the  new  acid  in  a  flocky  condition,  while  the  sugar  remains  dissolved,  but  upon  evapora- 
ting the  liquid  to  a  thin  eyrup  soon  crystallises  out.  Pectinose  is  easily  prepared 
direct  from  lead  metapectate  by  decomposing  this  salt  with  dilute  sulphuric  ada  iiwtesd 
of  with  sulphuretted  hydrogen  ;  after  filtration  of  the  lead  sulphate  a  small  quantity 
of  sulphuric  add  is  added,  and  the  whole  gently  heated  over  the  water  bath.  The 
liquid  is  then  treated  as  above.  The  first  crop  of  brownish  oystals  of  the  sugar  are 
crushed  in  the  mother  liquor  and  spread  upon  dry  bricks.  The  further  purification 
by  recrystallising  is  much  fadlitated  by  this  treatment 

Pectin  sugar  crystallises  in  long  colourless  shining  prisms. 

The  crystals  are  very  brittle ;  they  have  a  pleasant  taste,  but  are  not  so  sweet  is 
cane  sugar.  Boiling  water  dissolves  large  quantities  of  pectinose,  the  greater  part  of 
which  crystallises  out  upon  cooling.  Pectinose  melts  at  a  gentle  heat,  bat  deoomposei 
when  the  temperature  is  raised ;  yieldinjy^,  like  most  other  kinds  of  sugar,  a  veiy  diffl* 
ealtly  combustible  charcoal.    Upon  heating  with  nitric  add  pectinose  uoooTsited  into 
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ozalie  acid  without  the  production  of  mucic  acid.  Pectinose  dissolves  alkaliue  earths, 
forming  a  mucilaginous  liquid  which  becomes  yellow  upon  standing ;  this  liquid  is 
speedily  decomposed  by  heat,  behaving  in  this  respect  like  grape  sugar.  Its  com- 
position is  the  same  as  that  of  grape  sugar,  CisHj^Oi,;  in  its  other  properties,  however, 
it  is  entirely  different  from  grape  sugar. 

Pectinose  does  not  ferment  in  contact  with  yeast. 

Pectin,  which  occurs  in  much  abundance  in  the  juice  of  ripe  fruit,  is  probably 
formed  during  the  ripening  of  fruit  by  the  action  of  the  acids  of  the  fruit  upon  the 
pectose  existing  in  unripe  fruit ;  for  if  the  pulp  of  such  unripe  fruit  be  euiaust^d 
with  water  to  get  rid  of  all  acids,  no  pectin  is  produced  upon  boiling  it ;  pectin  is, 
however,  at  once  formed  upon  the  addition  of  an  acid. 

A  number  of  fruit  juices  after  boiling  gelatinise  upon  cooling.  These  jellies  may 
be  formed:  1.  By  the  reaction  of  pectase  upon  pectin  ;  pectic  acid  aud  pectosic  acid 
being  formed.  2.  By  the  solubility  of  pectic  acid  in  the  salts  of  the  alkalies  contained 
in  the  juice.  3.  By  a  possible  decomposition  of  the  pectates  by  the  free  acids  of  the 
juice.  The  action  of  pectase  upon  pectin  may  be  seen  by  mixing  the  juice  of  currants, 
which  is  poor  in  pectase,  with  the  juice  of  raspberries,  which  is  especially  rich  in 
pectase,  and  thus  produces  a  jelly  with  the  currant  juice. 

'Wlien  imperfectly  ripened  pears,  apples,  plums,  etc.,  are  slowly  heated,  different 
changes  take  place ;  the  acids  of  the  juice  (malic  and  citric  acids)  convert  the  pectose 
into  mucilaginous  pectin,  part  of  which  is  changed  by  the  action  of  pectase  into  pectic 
acid  and  pectosic  acid.  Pectase  would  not  be  able  to  effect  this  change  if  it  were  pre- 
viously coagulated  and  rendered  inactive  by  rapid  heating  up  to  the  boiling  point. 
The  change  of  the  pectous  substances  does  not  extend  to  the  cellulose  forming  the 
cell  walls ;  this  remains  entirely  unaltered. 

During  the  early  period  of  growth,  in  the  green  state,  fruit  behaves  just  like  the 
other  green  parts  of  plants,  decomposing  carbonic  dioxide  and  forming  new  organic 
material  (t^mnin,  adds,  sugar,  pectin,  and  gum).  During  the  second  period  of  actual 
ripening  it  behaves  in  an  exactly  opposite  manner ;  it  no  longer  assimilates  carbonic 
acid  from  the  air,  but  on  the  contrary  assimilates  oxygen,  decomposes  a  portion  of 
its  organic  substance,  forms  carbonic  acid,  and  changes  the  compounds  contained  in 
it  in  the  most  various  manner.     Sugar  resists  this  decomposition  the  longest. 

Gblosb. — In  the  beginning  of  the  year  1856  a  Frenchman  of  the  name  of 
De  Montravel  brought  back  fh>m  his  travels  a  substance  consisting  of  thin  white 
sheets  called  Chinese  moss,  and  much  used  by  the  natives  in  China  in  the  preparation 
of  edible  jellies.  This  Chinese  moss,  according  to  his  account,  was  prepared  from 
lichens  growing  on  certain  trees  in  South  China  and  the  Philippines.  Payen  submitted 
this  substance  to  examination,  and  found  it  to  contain  6  per  cent,  of  organic  substance 
soluble  in  water,  as  well  as  a  small  quantity  (0*7  per  cent.)  of  a  body  soluble  in 
alcohol.  The  greater  part  of  the  insoluble  substance  swells  up  in  water,  forming 
right-angled  prisms.  The  gelatinous  mass  dissolves  in  acetic  acid,  leaving  a  nitro- 
genous residue.  When  heated  with  water  the  gelatinous  substance  dissolves,  leaving 
the  nitrogenous  substance  and  traces  of  other  foreign  substances;  this  solution 
solidifies  upon  cooling  to  a  colourless  jelly,  which  contains  a  quantity  of  water,  equal 
to  about  500  times  the  weight  of  the  original  substance.  The  gelatinising  property 
of  Chinese  moss  is  therefore  about  ten  times  as  great  as  that  of  the  best  animal  gela- 
tine. The  jelly  when  again  dried  consists  of  a  peculiar  body  insoluble  in  dilute 
alkalies,  dilute  acids,  water,  alcohol,  ether,  and  ammonium  cuprate.  It  dissolves 
in  a  very  small  quantity  of  concentrated  sulphuric  acid,  or  hydrochloric  acid,  assuming 
a  brown  colour ;  the  solution  solidifies  after  a  time  to  a  mass  insoluble  in  water  and 
alkalies. 

Gelose  has  the  following  percentage  composition : — 

Carbon 42770 

Hydrogen 6'775 

Oxygen 51'455 

Up  to  the  present  time  no  compound  of  gelose  has  been  prepared  from  which  the 
chemical  constitution  of  gelose  might  be  ascertained.  According  to  recent  reports  of 
Champion,  the  riband-like  strips  of  the  substance  are  prepared  by  pouring  the  jelly 
forming  liquid  into  a  shallow  vessel,  allowing  it  to  solidify,  and  then  cutting  it  into 
even  prisms,  which  upon  drying  shrink  up  considerably,  forming  a  riband-like  mass. 
The  same  traveller  brought  with  him  specimens  of  the  plant  from  which  the  moss  is 
prepared.    According  to  Decaisne,  it  is  an  alga,  Gratdoupia  JUicina. 

Ckelose  has  a  general  importance,  inasmuch  as  it  can  be  used  with  advantage  in  the 
mparation  of  edible  jellies.  It  has  this  advantage  over  ordinary  gelatine  and 
isinglass,  that  it  is  entirely  odourless  and  very  durable. 

Attempts  made  to  prepare  gelose  from  different  kinds  of  lichens  have  been  hithecto 
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UDsacceBsful.  Pajen,  however,  succeeded  in  proviog  the  presence  of  gelose  in  largo 
qnanticies  in  two  marine  algse,  Gelidium  corneum  ^m  Java,  and  Plocaria  lichenoidu 
from  the  Mauritius. 

Gdidium  corneum  was  treated  successively  with  cold  dilute  hydrochloric  acid  (2 
per  cent.),  water,  and  ammonia ;  and  again  washed,  owing  to  the  extraction  of  different 
salts  and  organic  substances,  it  lost  53  per  cent,  in  weight.  After  boiling  the  residue 
with  water,  all  the  tissues  appeared  unaltered,  and  it  yielded  a  liquid  which  upon 
solidifying  formed  a  colourless  transparent  jolly,  which  was  proved  to  be  identical 
with  gelose. 

CuRiLosB,  BiALosK,  ApiiN. — To  substaucos  possessing  the  property  of  gelatinising, 
and  therefore  resembling  those  just  describea,  belong  the  three  oodles,  cubilose, 
dialose,  and  apiin.  The  first,  cubilose,  is  the  chief  constituent  of  the  East  India  birds' 
nests.  Many  opinions  have  been  expressed  concerning  itA  origin,  some  considering  it 
to  be  a  product  of  vegetable,  others  one  of  animal  origin.  According  to  the  latest 
researches  of  Payen,  it  appears  to  be  a  kind  of  slime  excreted  by  certain  birds  during 
the  pairing  period. 

Dialose  has  been  found  by  Payen  in  the  fruit  of  a  species  of  Dialium,  which  is  used 
in  China  for  washing  instead  of  soap.  Apiin  is  a  gelatinous  substance,  discovered  bj 
Braoonnot,  and  obtained  by  extraction  of  parsley  (Apium  petrotdinum),  its  oompoBition 
being  represented  by  the  formula  C^^Kifli^, 
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The  -various  sn^stances  which  i-esemble  the  albnmin  of  eggs  and  blood  occur  both 
in  plants  and  animals ;  they  all  contain  nitrogen,  and  from  a  chemical  point  of  yiew 
present  analogies  which  indicate  that  their  constitution  is  referable  to  a  common 
type.  In  the  natural  state  albuminous  substances  are  always  combined  with  water 
in  a  colloid  condition,  which  cannot  be  separated  by  squeezing,  but  only  under  condi- 
tions similar  to  those  by  which  hydrated  crystals  lose  water. 

In  its  best  known  form  albumin  occurs  as  white  of  egg,  and  as  the  cbief  consti- 
tuent of  the  serum  of  blood.    Other  forms  of  albumin  occur  in  the  juices  of  plants. 

Fibrin  forms  the  mass  of  muscular  tissue,  and  gluten  or  Testable  fibnn  occurs 
in  the  grain  of  wheat.  Fibroin  is  an  analogous  substance,  constituting  about  16  per 
cent  of  raw  silk.  Casein  occurs  in  milk.  Legu  min  is  the  name  given  to  the  albu- 
minous substance  found  in  the  seeds  of  leguminous  plants,  such  as  beans,  peas,  and  lentils. 

Olobulin  or  crystallin  is  an  albuminous  principle  occurring  in  the  ciTstal- 
line  lens,  while  yitellin  is  the  designation  of  tne  albuminoid  constituent  or  egg- 
yelks. 

Syntoninisan  albuminous  substance  derived  from  muscle-fibrin  by  treatment  with 
dilute  hydrochloric  add  and  precipitation  of  the  solution  with  ammonia. 

Gelatin  and  chondrinare  substances  obtained  from  bone,  cartilage  and  cer- 
tain other  animal  tissues ;  sericinisan  analogous  constituent  of  raw  silk. 

The  composition  of  various  albuminoid  substances  is  shown  by  the  £)llowing 
table : — 


c. 

Albcunin 

Macin 

Oclatin 

Cbondrin 

Fibrin 

Syntonin 

Lardacein 

Malder 

— 

— 

Mulder 

Mulder 

—  ■ 

— 

63-5 

62-4 

60-16 

49-97 

62-7 

541 

53-6 

H. 

7-0 

70 

6-60 

6-63 

6-9 

72 

70 

N. 

15-6 

12-8 

18-30 

14*44 

15-4 

16-1 

16-0 
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It  will  be  seen  that  GK)ble^  found  a  small  percentage  of  phosphorus  in  vitellin, 
and  other  observers  have  testified  to  the  presence  of  phosphoms  in  other  substances 
considered  to  be  albuminous ;  nevertheless,  phosphorus  is  no  a  normal  constituent  of 
any  form  of  albumin,  and  where  it  has  been  found  it  is  to  be  regarded  solely  as  an 
impurity  derived  from  the  association  of  a  trace  of  some  phosphorised  substance 
such  as  lecithin.  Thus  the  yelk  of  egg  contains  a  great  deal  of  lecithin,  and  the  sub- 
stance of  brain,  as  shown  by  Thudichum  and  others,  is  largely  composed  of  this  and 
allied  phosphorised  principles,  whoso  constitution  is  now  well  established.    Sulphur 
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18  not  a  ooDStADt  coDStitueDt,  and,  indeed,  there  is  some  little  doabt  wbether  it  really 
forms  part  of  the  albumin  molecule,  or  whether  it  is  only  present  by  accident.  How- 
ever this  may  be,  it  admits  of  removal  in  many  cases,  as,  for  instance,  b^  digestion 
with  alkalies.  The  compound  thus  formed,  termed  a  1  k  al  i -a  1  b  u m  i  n  a  te,  is  free  from 
sulphur.  Albumin  has  a  very  high  molecular  weight,  which  has  been  approximately 
determined  as  1612  by  two  methods,  namely,  by  analyses  of  the  potassic  and  platino- 
hydrocyanic  combinations. 

Regarding  sulphur  as  an  essential  constituent  of  albuminoids,  Lieberkuhn  pro- 
posed for  them  the  formula  CyjHufNi^Ojs ;  this  formula,  however,  must  only  be 
accepted  provisionally. 

All  albuminous  substances  give  up  their  sulphur  to  alkalies,  forming  sulphide 
and  hyposulphite  and  soluble  alkali-albuminate,  imich,  on  neutralisation  with  an  add, 
yields  a  substance  which  Mulder  termed  protein,  and  regarded  as  the  base  of  all 
albuminous  substances.  It  has,  however,  been  shown  since  then,  that  protein  still 
contains  sulphur  in  some  instances,  in  a  form  not  removable  by  alkalies. 

Liebig  viewed  albuminoid  substances  as  being  isomeric,  while  Steny-Hunt  con- 
sidered them  to  bo  amides  or  nitrites  of  cellulose,  dextrin,  gum,  or  sugar.  This  latter 
theory  is  not  consistent  with  facts  to  be  stated  hereafter. 

Berthelot  viewed  the  substances  under  description  as  complex  amides. 

Strcckcr  viewed  them  as  composed  of  a  great  number  of  radicles,  most  of  which 
are  common  to  all  forms,  while  a  few  are  peculiar  to  each  form ;  he  thus  accounted 
for  the  differences  to  be  observed  in  the  properties  of  albumin  in  its  various  states. 

Thus,  for  instance,  Thudichum  and  Kingzett  have  recently  shown  that  all  the  various 
phosphorised  substance^  derived  from  the  brain,  from  ydk  of  eggs,  or  from  blood- 
corpuscles,  etc.,  are  constructed  on  a  common  type.  When  decomposed  by  boiling 
witli  baryta  water,  dilute  adds,  or  other  hydrating  agents,  the  phosphorus  they  eon- 
tain  is  invariably  yielded  as  phoephoglyceric  acid  fC,H^O«) ;  the  nitrogen  is  always 
yielded  in  the  form  of  neurine,  oxyneurine,  or  choline  (C^HisNOx).  The  only  other 
products  of  decomposition  are  various  fatty  acids,  and  the  sums  of  the  decomposition 
products  give  the  same  formuln  as  those  obtained  by  analysis  of  various  compounds 
of  these  principles  themselves.  The  constitution  of  these  bodies  appears  therefore 
to  be  representable  by  a  common  formula,  which  is  that  of  glycerine  having  two 
hydroxyls  replaced  by  fat  acid  radicles,  and  the  third  by  phosphoryl ;  one  ci  the 
hydroxyls  of  the  phosphoryl  is  in  its  turn  replaced  by  the  nitrogemsed  nndeos.  Thus, 
the  formula  for  lecithin  is 

[CitH„0, 
CjH,  •  C,eH„0, 

I  (HO)  OPO  (C.H,.NO,)  =  C,AsNPO.. 

The  general  structure  of  all  similar  bodies  is  exhibited  by  glycerophosphoric  acid 
as  a  type: 

fHO 
C,H,     HO 

I  HO  (OPO)  (HO). 

As  albumin  occurs  in  nature  it  is  generally  associated  with  mineral  salts;  and 
from  tho  difficulty  experienced  in  ridding  it  entirely  of  these,  and  from  other  con- 
siderations, it  is  not  improbable  that  the  molecule  of  albumin  has  a  feeble  power  of 
combination  with  salts,  just  as  alkaloids  have.  In  fact,  tho  products  of  decomposi- 
tion of  albuminous  substances  support  this  view.  In  the  blood  and  all  serous  liquids, 
and  in  the  juices  of  vegetables  and  plants,  tho  albumin  exists  in  a  liquid  state,  and 
on  l>oiling  the  albuminous  liquids  tne  albumin  is  precipitated  in  a  coagulated  state. 
It  is  necessary  in  such  casos  to  have  the  solution  as  nearly  as  possible  neutral,  or 
coagulation  does  not  invariably  occur. 

Albumin  exists  in  two  states,  namely  soluble  and  insoluble,  and  the  second  of 
those  may  be  readily  produced  from  the  first  named,  although  the  immediate  causes 
underlying  the  transformation  are  unknown.  If  the  serum  of  blood  be  evaporated 
below  40°  C.  the  product  is  soluble  in  water,  but  if  a  higher  temperature  be  applied, 
tho  product  is  insoluble  in  water.  Again,  if  a  dilute  solution  of  white  of  egg  be  boiled, 
the  albumin  is  thrown  down  in  an  insoluble  condition ;  or  if  serum  of  bliwxL  be  sub- 
mitted to  a  current  of  air  in  the  presence  of  turpentine  at  normal  temperatures, 
poroxide  of  hydrogen  is  formed,  and  this  bleaches  the  solution,  which  then  yields  on 
evaporation  at  a  gentle  temperature  insoluble  albumin. 

Albuminous  solutions  are  precipitated  by  nitric  acid,  strong  alcohol,  corrosive 
sublimate,  phenol,  tannic  acid,  etc. 

Coagulated  albumin,  like  fibrin,  dissolves  in  concentrated  hydrochloric  acid, 
especially  with  the  aid  of  heat,  forming  a  blue  or  violet  solution,  which  examined 
spectroscopically  shows  an  absorption  band  in  the  yellow-green.    Coagulated  albumin 
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■1*0  diuolveB  in  BtniiiguitricBCii],gm[ig  a  yellow  BolnUon,  and  vhonaBmall  qnantitj 
of  marcoroiu  oitrata  is  added  and  the  miittue  boiled,  ft  crinuoa  pncipiUte  u 
piodooed. 

Albumitl  solntioat  grow  opaleicoDt  at  66°  C.,  and  at  80°  C.  the;  coagnlsta. 

Fibrin  naj  he  obUined  by  whipping  blood,  dnring  which  operation  it  adberei  to 
the  twigB  osed,  ]□  the  form  of  thnode.  Whoa  placed  in  peroxide  of  hydrogen,  it 
causes  tbe  erolution  of  ozyges. 

Albumin  derived  fnan  vhite  of  egg  in  designated  ovalbntnin;  and  tliat  from 
Eflnun  of  blood  is  termed  HeralbntDtn. 

White  of  egg  when  heated  in  a  »ealed  tube  at  160°  to  200°  C,  posses  flnt  into  sa 
ojoque  coagulum,  which  is  ofterwoids  tranaformed  into  a  reddish  troniparaDt  jelly, 
and  Bnally  into  a  reddish  liquid,  bebaring  with  roagetits  Ilka  ordinary  eolntions  of 
alhimun,  but  not  coBgnlaLle  by  heat.  When  white  of  egg  is  placed  ie  a  dialyser  over 
solutioiu  of  acids,  thrae  are  formed  upon  the  dialyser  what  O.  S.  Johnson  regoids  u 
compounds  of  albumin.  The  figures  he  obtained  from  a  detanninntion  of  the  acid 
contained  in  the  presumed  compounds,  lead  to  tbe  following  formulEe  for  them,  if 
Ueberkobn's  fonnDla  for  albumin  be  accepted  ;^ 

C„iIi,,N",.S0„'2HS0, 
C^n|„S„S0„-2HCl 

0|iH„^„80a-2H,C^H,0. 

C,^,,^,,SO..,IIC,li,0,. 
Although  the  existence  of  such  definite  compounds  hod  been  long  before  rendered 
almost  certain  by  the  investigatjoas  of  Lieberknha  and  others,  furUier  inTestigation 
and  the  oltimBte  analyses  of  the  substances  ore  to  be  desired,  befcere  the  formuhe 
assigned  to  them  can  be  accepted. 

In  addition  to  llieee  acid  compounds,  a  number  of  albtuuinatas  bare  been  described, 
■Ithongii  thefollowing  formulK  asogned  to  them  are  to  a  certain  extent  bypotbetical ; — 
Albuminate  of  Barium,  C^„^N,^„  +  H,0  (?) 
„  Copper,  C_H„.CnN„30„  +  H,0  (?) 
T, =__|j  c,^  XN„80n  +  H,0(?) 


„  Sodinm,  C„H„^»,N,^Ob  {f) 

„  Silver,  0,^„^,N,^0„  +  &,\>  [,c) 

„  Knc  C^„^n^,^Oa  +  H,0  (?) 


besides  the  albuminates  of  lead  and  mercoi?. 

Wben  albuminoid  substances  are  submitted  to  the  gradnol  oiidising  action  of  a 
mixture  of  potassic  dichromate  and  sulphuric  add,  or  a  mixtnni  of  manganic  dioxide 
and  sulphuric  add,  various  prodni^  ore  obtained.  Guckelborger  and  S«blieper  have 
both  fiMud,  among  the  products  of  oxidation,  the  fotloving : — 

Formic     acid  Acetic      aldehyde  Benzoic  acid. 

Acetic         „  Propionic      .,  Benzoyl  hydride. 

Propionic    „  Butyric        „  Hydrocyanic  acid. 

Butyric      „  Valeronitrite, 

Valeric       „ 

Caproic      „ 
Bichamp,  daring  the  oxidation  of  albumin  by  means  of  potaasio  permanganate, 
obserred  the  presence  of  a  email  qoantity  of  urea,  a  matter  of  extreme  importance 
when  conside»d  in  the  light  of  the  more  recent  researches  of  Schiltsenberger. 

In  1820,  Braconnot  obtained  glycocine  or  sugar  of  gelatin  (amido-acetic  acid)  by 
boiling  gelfttin  with  dilute  snlphoric  acid,  and  when  muscle  was  heated  in  a  similsj- 
manner  he  obtained  leucine  C,H,,NO,  (amido-caproic  acid).     Liebig  demonstrated  tbe 


tained  for  100  parts  of  dry  substaDCo — 


C^H^O,  from  coaglutin,  and  logumic  acid  C,B„fl,6,  from  legumin. 
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Schutzenberger  commenced  his  researches  with  the  idea  that  the  urea  gionp 
exists  in  albumin,  and  although  he  has  not  succeeded  in  isolating  this  substance,  he 
has  at  least  obtained  evidence  of  its  existence.  His  method  consists  in  boiling 
albumin  during  a  number  of  hours  with  a  solution  of  caustic  baryta,  a  process  which 
of  course  destroys  any  urea  that  might  be  formed.  Nevertheless,  he  has  obtained 
carbonic  acid  and  ammonia  in  the  exact  proportions  which  urea  would  yield,  and  he 
concludes  that  out  of  the  eighteen  atoms  of  nitrogen  in  the  molecule  of  adbumin,  four 
belong  to  the  urea  group. 

Besides  urea  and  tyrosine,  traces  of  sulphurous  acid  and  sulphuretted  hydrogen 
are  ibrmed,  and  oxalic  and  acetic  acids.  These  substances  are  accompanied  by  the 
amido-adds  of  the  series  CnH2n4.iN02,  corresponding  to  the  fat  acids  CaH^Oy 
from  amido-oenanthylic  acid  C,H,jNO^  to  amido-propionic  acid ;  leucine  CgHnNO, ; 
butalinine  CgHnNO) ;  and  amido-butyric  acid  C^H^NO,.  Besides  these,  one  or  two 
acids  allied  to  aspartic  acid  C^H^Of,  and  glutamic  acid  CfH, NO4,  are  produced,  and 
one  or  two  analogous  to  legumic  acid  Cfii^T^fi^.  Schiitzenberger  also  obtained  by 
decomposition  of  albumen  with  baryta,  a  small  quantity  of  a  dextrin-like  body  which 
was  resolved  by  boiling  in  acids  into  a  substance  like  sugar.  From  his  reseaiches 
he  regards  the  albuminoids  as  urea  and  amido-acid  combinations. 

It  should  be  observed  that  when  albumin  is  subjected  to  the  influence  of  caustic 
alkalies  melted  in  their  water  of  crystallisation  there  are  obtained  just  those  products 
which  might  bo  expected  from  a  further  action  upon  the  substances  yielded  by  the 
baryta  process. 

Thudichum  obtained  several  alkaloids  from  the  baryta  decomposition  of  albumin, 
and  among  them  one  of  the  formula  C|HcNO^. 

The  importance  of  the  results  here  briefly  described  will  be  seen  when  it  is 
considered  that  the  putrefaction  of  albuminoid  substances  gives  rise  to  the  production 
of  leucine,  tyrosine,  and  a  number  of  volatile  fat  acids  of  the  series  GnH^nO^  ammonia, 
and  a  number  of  compound  ammonias,  carbonic  dioxide,  sulphuretted  hydrogen, 
hydrogen  and  nitrogen. 

It  is  known  that  in  the  presence  of  putrefied  fibrin,  leucine  is  resolved  into  am- 
monia and  valerianic  add,  and  from  all  that  is  known  the  products  observed  during 
putrefiMStion  are  those  of  hydratation  modified  according  to  circumstances,  espedally 
by  contact  with  special  ferments  or  by  the  presence  of  air. 

By  the  further  prosecution  of  such  investigations  as  those  described,  it  may  be 
possible  to  hope  for  something  like  a  true  explanation  of  the  action  of  antiseptics 
and  disinfectants ;  for  the  power  of  an  antiseptic  is  undoubtedly  one  which  confers  upon 
the  molecule  of  albumin  increased  stability,  thus  rendering  the  attacks'  of  so-called 
germs  or  ferments  of  less  avail  in  splitting  up  the  molecule,  and  therefore  rendering 
them  powerless  to  reproduce  themselves  and  cause  simultaneously  putrefiiction  and 

Vses  of  Albmntn. — Albumin  occurs  in  commerce  in  several  forms,  differing  in 
purity  and  whiteness. 

White  of  egg  contains  12  per  cent,  of  albumin,  and  for  commercial  purposes  this 
is  dissolved  in  water  and  evaporated  in  thin  films  at  a  gentle  temperature  (40^  C), 
thus  forming  white  scales,  which  before  use  have  to  be  dissolved  in  water  again.  £gg 
albumin  is  used  by  calico  printers  for  fixing  the  better  and  lighter  sorts  of  colours ; 
it  is  also  used  for  photographic  purposes  on  account  of  its  whiteness  compared  with 
seralbumin.  Blood  contains  about  7  per  cent,  of  albumin,  and  it  is  frx)m  this  source 
that  most  of  the  albumin  used  in  the  arts  is  made.  The  blood  of  slaughtered  animals 
is  allowed  to  stand  in  shallow  vessels  until  the  fibrin  has  coagulated ;  during  this 
spontaneous  process  most  of  the  colouring  matter  of  the  blood  is  enveloped  m  the 
fibrinous  clot,  and  the  serum  is  drawn  off  and  evaporated  down  at  auntie  tempera- 
ture. 

An  inferior  sort  of  blood  albumin  is  prepared  by  beating  or  shaking  blood  in 
vessels  provided  with  staves ;  in  this  way  the  fibrin  is  coagulated,  but  most  of  the 
blood  corpuscles  remain  in  the  serum ;  hence  albumin  prepared  by  this  process  is 
not  so  good,  and  can  only  be  used  for  fixing  the  darker  colours  on  calico,  etc 

Albumin  in  a  state  of  solution  is  also  used  for  darifying  vinous  and  syrupy 
liquids,  inasmuch  as  when  boiled  with  them  it  coagulates  and  envelopes  the  substances 
which  it  is  desired  to  remove.   Thus  it  is  used  to  a  considerable  extent  in  sugar  refining. 

For  the  better  purposes,  as  already  stated,  it  is  necessary  to  use  egg  albu- 
min, and  this  is  not  only  soarce,  but  its  use  withdraws  a  large  amount  of  food 
AK)m  the  market.  Moreover  on  account  of  the  liability  of  albuminous  solutions  to 
decomposition,  albumin  is  only  met  with  in  commerce  in  the  dry  state.  Thus*  there 
is  the  'trouble  of  redissolving  the  albumin  for  use,  and,  since  the  whole  does  not 
redissolve,  there  is  always  some  loss.  « 
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Haring  regard  to  these  facts  Messrs.  Kingzett  and  Zingler  have  recently  intro- 
dnoed  a  method  which  consists  in  subjecting  serom  for  several  hours  to  a  current  of 
air  at  about  30-40°  C.  in  the  presence  of  about  10  per  cent,  turpentine.  In  this  way 
peroxide  of  hydrogen  and  camphoric  acid  are  produced  by  the  oxidation  of  the  turpen- 
tine. The  former  of  these  substances,  by  its  oxidising  action,  bleaches  the  serum  at 
once,  while  the  camphoric  acid  exercises  an  antiseptic  action,  so  that  the  albumin 
may  be  kept  indefinitely  in  the  state  of  solution.  Albumin  thus  prepared  admits  of 
the  fisng  of  some  colours  which  could  not  before  be  made  fast.  As  thus  prepared 
the  albumin  solution  contains  about  17  oz.  to  the  gallon. 


GELATIN,  ISINGLASS*  GLUE,  AND  SIZE. 

Gelatin  is  a  nitrogenous  substance  of  the  albuminous  class,  and  is  obtained 
from  white  fibrous  tissue^  cellular  tissue,  skin,  serous  membranes,  bones  and  other 
animal  tissues. 

It  may  be  prepared  by  various  methods,  of  which  the  following  will  serve  as 
illustrations. 

According  to  Nelson's  patent  method,  the  parings,  etc.  of  skins,  are  washed, 
their  surfaces  scored,  and  then  digested  in  a  dilute  caustic  ley  (soda)  during  about 
10  days.  After  this  they  are  removed  to  an  air-tight  vat  lined  with  cement,  and  kept 
at  a  temperature  of  21°,  after  which  they  are  exposed  to  a  current  of  sulphurous 
oxide  in  a  wooden  chamber.  The  moisture  is  next  expelled  by  pressure,  and  the  pro- 
duct heated  with  fresh  water  in  earthen  vessels  provided  with  a  steam  jacket.  In 
this  way  soluble  gelatin  is  prepared  and  may  be  purified  by  straining  it  at  a  tempo- 
rature  of  38°  to  49°. 

From  bones  this  substance  is  prepared  by  the  combined  action  of  steam  and  a 
current  of  water  which  is  allowed  to  trickle  over  the  broken  fragments  in  a  suitable 
apparatus.  Calf  s-foot  jelly  is  an  alimentary  article  consisting  of  gelatin,  while 
isinglass  contains  from  86  to  93  per  cent,  of  gelatin,  and  is  prepared  from  the  inner 
membrane  of  the  floating  bladder  of  sturgeons  and  other  fish. 

By  another  process  the  phosphates  of  calcium  contained  in  bones  are  dissolved 
out  by  dilute  hydrochloric  acid  or  sulphuric  acid,  and  the  gelatinous  residue,  on  boilinff 
with  water  under  pressure,  furnishes  a  kind  of  soup  which  is  said  to  be  nutritious  and 
has  been  used  in  foreign  hospitals,  etc. 

From  time  to  time  a  numbcor  of  modifications  have  been  introduced  into  the 
preparation  of  commercial  gelatin  with  the  view  of  improving  its  hardness  and  sizing 
quaJities. 

This  manufacture  of  gelatin  from  the  skins  of  animals  gives  rise  to  another 
branch  of  industry  of  some  importance,  namely,  the  manufacture  of  glue  and  size. 
Glue,  in  &ct,  is  the  crude  solid  form  of  gelatin,  whilst  size  is  a  semi-liquid  state  of 
the  same  substance. 

The  strongest  glue  is  furnished  by  the  parings  of  ox  hides ;  the  ears  and  refuse 
trimmings  of  thick  hides  yield  on  an  average  45  to  60  per  cent  glue. 

The  process  to  which  these  clippings  are  subjected  may  be  briefiy  described  as 
follows. 

They  are  first  steeped  in  lime  water,  to  remove  the  air  and  blood,  and  after 
washing  in  cold  water,  are  exposed  in  layers  to  the  air,  so  that  whatever  lime  is  left 
in  the  tissues  may  be  converted  into  carbonate.  After  this,  the  dippings  are  boiled 
in  water  contained  in  a  large  copper,  sometimes  being  first  enclosed  in  a  coarse  cloth 
to  prevent  the  adhesion  and  consequent  burning  of  any  gelatin  upon  the  bottom  of 
the  vessel.  It  is,  however,  preferred  to  boil  the  mixture  under  moderate  pressure, 
and  this  operation  is  continued  until  it  is  found  that  the  liquor  contains  so  much  dis- 
solved substance  that  it  gelatinises  on  cooling,  when  it  is  run  into  a  deep  vessel  and 
maintained  in  a  warm  state  to  allow  of  tiie  deposition  of  impurities,  etc.  Any 
animal  substance  left  undissolved  gives,  on  a  second  boiling,  an  inferior  kind  of  glue, 
and  if  there  be  any  third  quantity  it  constitutes  a  sort  of  size ;  the  ultimata  residue 
is  useful  as  manure.  The  solution  after  settling  is  run  into  wooden  boxes,  where  it 
cools,  and  gelatinises,  and  the  solid  mass  is  cut  up  into  blocks,  and  finally  into  slices, 
which  are  dried  by  exposing  them  to  a  free  current  of  air  upon  nets  placed  in  a 
wooden  frame.  Much  of  the  success  of  this  operation  depends  upon  atmospheric 
conditions ;  if  the  weather  be  hot,  there  is  a  danger  of  the  whole  liquefying ;  in  foggj 
weather  the  glue  is  apt  to  turn  mouldy,  and  fi^  has  a  tendency  to  make  it  crack 
into  fragments.  Spring  and  autumn  are  therefore  the  most  favourable  seasons  for 
the  performance  of  the  drying  operation.  Artificial  drying  now  commonly  resorted 
to,  and  this  obviates  the  difficulties  above  enumerated. 
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Properly-made  glue  is  a  hard,  brittle,  pale-brown,  glassy-looking  substance,  which 
swells  up,  but  does  not  dissolve  in  cold  water. 

Size  is  usually  made  from  the  thinner  kinds  of  skins  and  is  chiefly  used  in  the 
gelatinous  condition. 

« 

THE  MANUFACTURE  OF  LEATHER. 

Ox  hides  are  imported  from  the  plains  of  South  America  and  the  Gape  of  Qood 
Hope,  and  the  leather  prepared  from  them  is  chiefly  used  for  making  soles  of  boots 
and  shoes,  for  harness,  and  articles  in  which  strength  and  durability  are  the  requisite 
qualities. 

Calves'  and  seals*  skins  furnish  leather  for  the  uppers  of  boots  and  shoes,  while 
for  book-binding  and  more  general  articles,  sheep  skms  constitute  the  chief  material 
used. 

Some  hides  are  immensely  thick ;  for  instance,  that  of  the  hippopotamus  is  often  as 
much  as  two  inches  iu  thidmess. 

They  may  be  used  either  as  they  come  from  the  animals,  or  after  being  preserved, 
an  operation  which  is  necessary  when  the  hides  come  from  abroad.  This  preservation 
18  generally  carried  out  by  soaking  the  skins  in  a  strong  solution  of  salt,  but  various 
agents  are  now  employed  for  the  same  purpose. 

In  all  cases  where  it  is  intended  to  make  leather,  the  first  thing  necessary  is  to 
cleanse  the  skins  thoroughly  from  any  preservative  agent  that  may  have  been  used, 
blood,  and  other  matters.  This  is  done  by  washing  or  immersion  in  pits  containing 
frequently  renewed  water.  To  expedite  this  operation  the  hides  are  o^n  sent  to  the 
fulling  mills,  where  they  are  beaten  with  heavy  hammers  shod  with  iron,  and  in  this 
way  utey  are  also  rendered  supple.  After  trimming,  the  hides  are  then  freed  from. 
fatty  matters  and  the  hair  loosened  by  means  of  lime  water  or  a  weak  solution  of 
caustic  soda.  In  other  places  the  hides  are  exposed  in  a  warm  room  until  putrefac- 
tion begins,  and  in  this  way  the  hair  becomes  loosened  just  as  readily  as  lime  or  soda 
efidctsit 

To  remove  the  hair,  the  hides  are  next  placed  upon  tables  termed  *  beams,'  and 
while  stretched  out,  the  operator  shaves  the  skin  by  means  of  a  two-handled  knife 
which  is  worked  over  the  surface. 

Rinsing  is  then  resorted  to,  after  which  the  hides  are  immersed  for  a  number  of 
hours  in  a  very  dilute  bath  of  sulphuric  acid ;  this  removes  the  lime  or  soda,  makes 
the  skins  swell,  and  indeed  fits  them  for  the  tanning  process,  which  is  of  an  extremely 
slow  nature. 

During  a  period  of  about  six  weeks  the  hides  are  passed  through  a  series  of  wooden- 
lined  pits  containing  an  infusion  of  oak-bark  termed  ooze,  of  gradually  increasing 
strength,  and  are  fintdly  placed  in  other  pits  in  an  extended  state,  one  above  the  other, 
with  layers  of  powdered  oak  bark  between  each ;  these  pits  are  then  filled  up  with 
water,  and  in  this  state  the  hides  stay  for  three  months.  This  last  operation  is 
usually  repeated  a  second  time  or  even  a  third  time,  until  the  whole  texture  is 
tanned  throughout ;  this  is  evidenced  by  the  uniform  brown  colour  which  obtains. 
This  tanning  is  effected  Ir^  the  combination  of  the  vegetable  astringent  principles  of 
the  oak  bark  with  the  skms,  and  when  completed  the  hides  are  dried  in  Ions  fed 
with  a  good  current  of  air,  and  generally  warmed  by  steam  pipes ;  after  this  the  hides 
have  to  be  beaten  and  rolled. 

In  the  tanning  process  above  described,  it  is  the  tannic  acid  of  the  oak  bark 
which  by  its  combination  with  the  gelatinous  tissue  of  the  hides,  produces  the  sub- 
stance called  leather.  Other  substances  are  often  used,  but  generally  iu  combination 
with  oak- bark.  Thus  sumach  from  the  bark  of  Rhus  ootinus,  or  Rhus  coriaria ;  caUeku 
or  Terra  Japonica  which  is  furnished  by  various  species  of  acacia ;  cUvidifny  the  crushed 
pods  of  CsBsalpinia  coriaria ;  mimosa  from  the  bark  and  pods  of  several  kinds  of 
AxMopis ;  vaUmia,  the  acorn  of  the  prickly-cupped  oak  (Quercus  .^gdops) ;  and  nut- 
gaUst  are  all  used. 

In  the  process  called  Tawing,  which  is  only  applied  to  the  thinner  kinds  of  hides, 
such  as  those  of  sheep,  goats,  and  calves,  alum  and  common  salt  are  used,  and  are 
worked  with  some  oil^  matter  into  the  skins.  The  process  termed  Skamoying  consists 
essentially  in  combining  with  the  softer  part  of  the  hides  of  the  goat,  doe,  or  chamois, 
some  suitable  fatty  matter. 

Light  kinds  of  parchment  are  prepared  from  calf  or  sheep  skins,  by  the  use  of 
lime,  while  the  stronger  kinds  are  made  from  the  skins  of  asses  and  pigs. 

Altogether,  the  processes  used  in  the  preparation  of  leather  differ  according  to  the 
nature  of  the  skin,  and  the  kind  of  leather  it  is  proposed  to  make,  and  the  deieripttoo 
here  given  is  but  an  outline  of  some  of  the  most  important  methods  in  une. 


FAT  AND  OIL. 

Both  fkt  and  oil  occur  as  constituentfl  of  animals  as  well  as  of  plants.  Substances 
of  this  class  are  found  in  all  parts  of  plants,  especially  in  seeds  and  in  many  kinds  of 
fruit ;  whilst  in  animab  they  are  often  deposited  in  large  quantities  in  particular  tissues. 

diaittetars. — ^The  various  kinds  of  fat  occurring  in  vegetables  and  animala  are 
distinguished  as  well  by  their  physical  as  by  their  chemical  characters.  The  state 
of  aggregation  is  at  once  a  distinctive  feature,  and  many  kinds  of  fat  may  be  tiiufl 
distinguished.  Such  as  are  liquid  at  the  ordinary  temperature  are  termed  fat  oils ; 
whilst  those  which  have  a  soft  consistency  at  the  ordinarv  temperature  and  melt  at 
about  30^  are  classified  with  butter  or  lard.  Those  kinds  of  fat  which  melt  at 
higher  temperatures  and  are  solid  at  the  normal  temperature  are  termed  tallow. 
Most  kinds  of  fat  are  liquid  at  the  ordinary  temperature,  or  a  little  above  it.  In 
a  tnA.  condition  they  are  white  or  colourless,  or  sometimes  faintly  yellow;  they 
possess  but  a  slight  smell,  and  have  an  average  specific  gravity  of  0*9.  They  are 
insoluble  in  water,  but  form  with  it  or  with  mucilage  an  emulsion ;  they  dissolve  with 
difficulty  in  alcohol,  freely  in  ether,  in  carbon  bisulphide,  in  turpentine  and  in  other 
volatile  oils.  Most  of  them  leave  a  greasy  stain  upon  linen  and  paper,  thus  present- 
ing a  marked  distinction  from  ethereal  oils,  which  volatilise  completely ;  but  some 
fat  oils  dry  up  in  the  air  (by  absorption  of  oxygen)  to  such  an  extent  that  no  greasy 
stain  is  left  upon  the  paper.    These  latter  are  termed  dry i ng  oils. 

Heated  to  260  or  300°,  the  fats  are  decomposed,  gelding  free  volatile  adds  and 
products  of  disagreeable  odour,  viz.,  acrolein,  allylic  alcohol,  water,  etc.,  leaving 
a  carbonaceous  residue;  when  heated  in  sealed  vessels  to  a  red  heat  they  are  converted 
almost  entirely,  with  separation  of  carbon,  into  combustible  gas  consisting  of  marsh 
gas,  olefiant  gas,  acetylene,  carbonic  oxide  and  carbonic  anhy&de.  Most  fats  absorb 
oxygen  from  the  atmosphere,  becoming  viscid  and  acquiring  a  sharp  rancid  smell. 
As  oxygen  is  absorbed,  heat  is  generated,  and  if  this  takes  place  rapidly  the  mass 
may  take  fire,  especially  when  porous  bodies  like  wool,  cotton,  etc.,  saturated  with 
the  fatty  oils  are  exposed  in  such  a  manner  as  to  present  a  large  surface  to  the  air, 
thuB  giving  rise  to  the  danger  of  spontaneous  combustion ;  great  care,  therefore,  is 
required  where  such  material  accumulates,  as  in  turkey-red  dye  works  or  in  storing 
greasy  rags  from  machinery  use. 

Composttioiu — The  different  kinds  of  fat  must  be  regarded  as  acid  ethers  of  the 
tri-atomic  alcohol,  glycerin,  the  composition  of  which  is  represented  by  the  formula 

^*^|o,.    By  replacmg  the  typical  hydrogen  with  acid  radicles,  glyceridee  or  fats 

are  formed.    Stearin  consequently  is  represented  by  the  formula  oq^^  OC  ^**  ^' 

glyceryl  stearate.  The  term  feitty  acids  is  applied  to  the  great  number  of  like  acids 
forming  fats  with  glycerin. 

Stearic  Acid  ^i>^»^  ( 0  forms  a  chief  constituent  of  hard  fats.    In  a  pure  state 

it  is  white  and  crystalline,  insoluble  in  hot  and  in  cold  water,  but  soluble  in  alcohol. 
It  melts  at  69*9°  and  forms  salts  with  bases.  The  alkaline  stearates  are  soluble  in 
water,  the  ammonium  salt  particularly  so.  The  potash  or  soda  salts  are  separated 
firom  their  solutions  by  an  excess  of  alkali,  or  by  sodic  chloride.  On  this  latter 
property  depends  the  separation  of  soap— chiefly  an  alkaline  stearate — by  mixing 
the  soap  ley  with  common  salt  (sodic  chloride).  When  a  concentrated  solution  of 
an  alkaline  stearate  is  mixed  with  much  water,  a  turbidity  ensues,  due  to  the  pre- 
cipitation of  a  stearic  acid  compound  with  but  little  alkalr;  the  rest  of  the  alkali 
and  a  small  quantity  of  stearic  add  remain  dissolved.  The  stearates  of  the  alkaline 
earths  (lime,  baryta,  strontia,  magnesia),  are  insoluble  in  water,  consequently  when 
lime  or  biuryta  water  is  added  to  a  soap  solution,  a  calcium  or  barium  salt  of  the 
fatty  acid  is  precipitated.    It  is  for  this  reason  that  hard  waters,  or  waters  rich  in 
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lime  salts,  are  not  suitable  for  washing  purposes ;  the  stearates  of  the  heary  metals 
are  also  insolnble  in  water. 

Palmiiie  Acid    ^*^^^lO. — This  acid  resembles  stearic  acid  in  its  chemical 

properties.  At  ordinary  temperatures  it  is  hard  and  crystalline,  insoluble  in  water 
but  soluble  in  alcohol ;  with  bases  it  forms  soluble  and  insoluble  salts.  It  occurs 
in  nearly  all  fats,  but  in  less  quantity  than  stearic  acid ;  margaric  acid  C,yH,40» 
whose  existence  has  been  disputed,  theoretically  ranks  between  stearic  and  palmitic 
acids. 

OMo  Aoid  ^*^^|o  is  liquid  at  ordinary  temperatures,  solidifies  at  +4®,  and 

then  melts  at  +  14^.  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol,  in  ether, 
and  in  carbon  bisulphide.  The  solid  acid  undergoes  no  change  when  exposed  to  the 
air,  the  liquid  acid  is  assumed  to  absorb  oxygen  rapidly,  and  to  be  transformed  into 
several  oxidised  products.  The  acid  so  changed  remains  liquid  eyen  below  0**,  and 
possesses  a  rancia  odour  and  taste.  By  distillation,  the  acid  is  decomposed  into 
seyeral  gaseous  and  liquid  products,  amongst  which  is  sebacic  acid,  whilst  charcoal 
remains  behind. 

Nitric  acid  couTcrts  oleic  acid  into  suberic  acid,  pimelic  acid,  etc.,  with  a  great 
number  of  very  yolatile  acids  including  acetic,  butyric,  yaleric,  caproic,  and  capric 
adds.  In  general  the  oleates  resemble  the  stearates  and  palmitates.  Potassic 
oleate  is  solt^  attracts  water  readily,  dissolyes  in  2  or  3  parts  of  water,  but  is  less 
easily  decomposed  by  water  than  the  corresponding  stearate  and  palmitate.  Sodie  and 
potassic  chloride,  and  other  soluble  salts  separate  alkaline  oleates  from  their  aqueoviB 
solutions.  Sodic  oleate  is  harder  than  the  potassium  salt,  less  deliquescent,  and  more 
difKcultly  soluble.  The  remaining  salts  are  insoluble  in  water,  soluble  in  alcohol,  and 
in  oils,  and  fusible  by  gentle  heat.  Plumbic  oleate  is  the  basis  of  the  ordinary  lead 
plaster.  Nitrous  acid  in  the  cold  transforms  oleic  acid  into  a  solid  isomer,  elaidic 
add,  which  crystallises  from  alcohol  in  splendid  white  laminsB,  haying  the  same  com- 
position as  oleic  acid,  but  with  a  melting  point  of  45**. 

The  yarious  fats  comprise  a  great  number  of  acids  belonging  to  the  same  homo- 
logous series  as  stearic  acid,  difiering  only  in  their  composition  hy  the  group  OH,  or 
a  multiple  thereof.  Although  the  series  of  this  group  is  incomplete,  yet  yery  many, 
as  butyric,  valeric,  caproic,  and  cenantbylic  acids  are  found  in  the  various  kinds  of 
fats,  and  this  series,  beginning  with  formic  acid  {CEfi^)  and  ending  with  melissic 
acid  CmH^O^  forms  the  so-called  *  fat  acid '  series. 

Behaviour  of  Fats  tovKorda  Banc  Substances. — When  fats  are  heated  with  strong 
bases  such  as  potash,  soda,  baiyte^  lime,  etc,  in  the  presence  of  water,  they  are  de- 
composed, yielding  glycerin  and  soaps  or  combinations  of  the  fatty  acids  with  the 
base.  The  term  saponification  or  plasteriDg,  originally  used  to  express  the  process 
of  soap  and  plaster  making,  is  now  extended  to  these  reactions.  The  following 
equation  expresses  the  saponification  pf  glyceryl  oleate  or  olein  with  caustic  potash, 
and  serves  to  illustrate  the  saponification  of  fats  generally : 

Sulphuric  acid  decomposes  fatty  bodies  in  such  a  manner  that  by  the  addition  of 
water  tney  split  up  into  the  respective  fat  acid  and  glycerin :  it  is  evident,  theroforv, 
that  the  action  of  the  acid  differs  but  slightly  from  the  change  produced  by  saponifica- 
tion. A  recent  process,  wherein  fat  is  decomposed  by  superaeated  steam  into  glycerin 
and  fat  add,  is  being  largely  used  in  the  manufacture  of  stearic  acid.  The  change 
is  thus  expressed : 

S£b«0i0.  +  «0H,  =  8(C.A.O  jo)  ^   OAjo. 

Stearin  or  Glyceryl  Stearate  og  h^n [  ^i  ^^  found  in  animal  fat  generally,  but 

chiefly  in  beef  and  mutton  fat :  the  presence  of  stearin  increases  their  consistency. 
To  prepare  it  pure,  melted  tallow  is  recrystallised  several  times  from  ether  or  turpen- 
tine. So  prepared  it  is  white  and  crystalline,  insoluble  in  water,  difficultly  soluble  in 
hot  alcohol,  but  easily  soluble  in  ether.  From  the  fact  that  the  melting  point  ranges 
ftom  66^  to  71^  C,  its  permanent  point  (as  deduced  by  the  observations  of  Heints), 
there  appear  to  exist  several  modifications  of  stearin,  and  Duffy  has  confirmed  this 
presumption  by  the  description  of  a  modification  which  melts  at  63^. 

PalmiiiH,  oqv^  O  ( ^'  ^^  found  in  most  fats  and  can  be  obtained  from  palm  oil 
by  strong  pressuro ;  then  by  treating  the  residue  with  boiling  alcohol  and  reoTstal- 
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iifing  it  MTeial  times  from  ether,  it  is  obtained  white  and  crystalline,  soluble  with 
difficulty  in  boiling  alcohol,  but  easily  soluble  in  ether.  Its  melting  point  is  60°  and 
solidifying  point  46°. 

C  H         ) 
Olein  «g  H^o  ( ^i  ^  ^^  chief  constituent  of  the  liquid  non-dijing  oils,  but  is 

also  found  in  many  fats  of  the  animal  and  vegetable  kingdoms,  as  for  instance  mutton 
and  beef  fats  and  palm  oil.  In  order  to  separate  it  from  the  other  fats,  the  mixture 
is  gently  warmed  with  concentrated  potasn  ley,  whereby  only  stearin,  etc.,  becomes 
saponified,  allowing  the  olein  which  floats  on  the  alkaline  liquid  to  be  mechanically 
separated.  It  is  colourless,  liquid  below  0° ;  and  it  is  less  eanly  saponified  than  the 
other  glycerides,  but  oxidises  much  more  qmckl^  in  the  air.  By  acting  on  olein  with 
nitric  acid,  elaidin  is  produced.    All  the  glycendes  can  be  artificially  prepared. 

Tallow. — ^Tallow  consists  chiefiy  of  stearin  mixed  with  palmitin  and  olein.  It 
is  solid  at  12°  to  15°,  but  its  degree  of  solidity  depends  upon  several  conditions, 
such  as  the  kind  of  animal  it  is  obtained  fix>m,  upon  the  feed  of  the  animal,  etc. 
It  is  also  to  be  noticed  that  f&t  produced  in  summer  is  softer  than  winter  fat.  The 
fat  occurs  enveloped  in  very  thin  cellular  tissues  composed  of  nitrogenous  compounds, 
and  in  fresh  marrow  the  globular  cells  can  be  easily  separated  and  distinctly  recog- 
nised under  the  microscope.  In  consequence  of  moist  membrane  and  other  easily 
decomposed  substances  bemg  mingled  with  the  fat,  it  readily  undergoes  change  in  the 
air,  therefore  it  is-necessaiy,  especially  in  summer,  either  to  keep  it  in  a  cool  and  airy 
place,  or  at  once  to  separate  it  from  the  membranes  by  melting. 

Tallow  melting, — The  tallow  is  first  cut  up  and  hacked  into  pieces  by  knives, 
in  order  to  facilitate  the  melting  out  of  the  fat  from  the  cells,  l^e  finely-divided 
tallow  is  placed  in  a  copper  or  brass  vessel,  and  is  heated,  either  over  an  open  fire, 
or  by  means  of  steam,  wnich  is  better.  By  gentle  stirring,  the  mass  is  melted  with 
very  little  heat,  which  causes  the  membrane  to  contract,  and  the  albuminous  portions 
to  shrivel  up,  at  the  same  time  allowing  the  tallow  to  fiow  out.  The  mass  is 
allowed  to  settle  and  is  afterwards  drawn  off  by  a  tap.  Having  been  strained,  it  is 
mixed  with  from  four  to  five  parts  of  alum  per  thousand,  which  easily  and  com- 
pletely separates  the  remaining  impurities.  After  six  to  seven  hours'  standing,  the 
clarified  fat  is  racked  off  into  conical  wooden  casks,  where  it  is  allowed  to  cool.  The 
residue  or  refuse  left  in  the  copper  vessel  is  scooped  out  and  placed  in  a  screw  press, 
to  extract  more  of  the  fat;  and  the  pressed  cake,  consisting  of  the  animal  membrane, 
the  fat  tissues,  muscle,  blood  corpuscles,  particles  of  bone,  and  other  impurities, 
together  with  10  or  15  per  cent,  of  unexpressed  iaX,  is  used  under  the  name  of  greaves 
for  manure  and  as  dog-feed. 

TreatmeiU  of  Tallow  with  Acid, — Darcet  has  proposed  the  use  of  sulphuric  acid 
to  fiftdlitate  the  extraction  from  the  raw  material.  On  the  large  scale  a  copper 
Teaeel,  which  can  be  heated  with  steam,  and  of  about  1,200  litres  capacity,  is  em- 
plcnred,  60  kilograms  of  the  muddy  acid  liquors  from  a  previous  operation  are 
added,  together  with  four  successive  portions  of  250  kilograms  each  of  chopped  fat, 
and  5  kilograms  of  sulphuric  acid  (r846  sp.  gr.)in  150  litres  of  water.  The  vessel  is 
covered  and  heated  for  2|  hours  at  105°  to  110°C.  At  this  temperature  the  sul- 
phuric acid  acts  on  the  skin,  allowing  the  fat  to  melt  out  freely,  and  when  this  process 
IS  used  an  unimportant  amount  of  fat  is  left  in  the  refuse.  The  liquid  fat  is  now  run 
off  and  mixed  with  a  solution  of  1^  to  2  kilograms  of  alum  in  20  litres  of  water. 
The  mass  is  allowed  to  settle  during  8  to  10  hours,  and  afterwards  the  fat,  now 
fioHting  in  a  clear  condition  on  the  surface,  is  placed  in  casks.  By  the  acid  treatment 
83  to  85  per  cent,  of  tallow  is  obtained,  whilst  by  the  ordinaiy  method  it  is 
only  possible  to  get  80  to  82  per  cent.  On  the  other  hand,  the  last  method  yields,  as 
above  mentioned,  a  refuse  having  a  market  value  of  12  to  15  francs  per  100  kilo- 
grams. The  tallow  prepared  with  acid  is  in  winter  hard  and  white,  but  in  summer 
a  liquid  fat  settles  out,  whilst  the  other  kind  of  tallow  is  more  uniform.  At  this 
period  of  the  year  the  candle  makers  prefer  to  use  the  tallow  which  has  been  puri- 
fied without  acid.  It  appears  that  the  acid  separates  some  of  the  olein  from  the 
stearin,  and  causes  the  formation  of  a  certain  amount  of  free  fatty  acid,  which  sepa- 
rates out  by  the  slow  cooling  of  the  fat  (a  process  necessary  in  the  hot  seasons  of  the 
year),  and  renders  the  product  less  homogeneous  than  otherwise. 

The  method  adopted  by  Evrard  at  Douai  is  as  follows : — 

The  crude  fat»  in  the  same  condition  as  taken  from  the  animal,  without  having 
been  cut  up  or  freed  from  fiesh,  etc.,  is  treated  with  a  dilute  solution  of  caustic  soda. 
The  soda  ley  by  penetrating  the  membrane,  infiates  and  dissolves  it,  allowing  the  fat 
easily  to  flow  from  its  skin  envelope.  In  addition  to  fixing  the  offtosive  smelling 
fiitty  acids  by  their  combination  with  the  alkali,  it  has  the  advantage  over  any 
other  method  of  producing  after  once  washing  with  water  a  very  white  inodorous 
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tat;  BOd  u  Um  tanparatim  of  100°  is  nerec  ueaeded,  Umtb  ia  nopoHibility  tilomt' 
bakting.  BOO  kilogiBma  of  tallow  can  be  melted  per  <3aj  b;  Uie  following  •nmngB- 
mant: — lOallMt-iloiicjliiiden.eacliof  1  inetTeiii  diomater,  uid  1  meUs2G  iiiillillllilm 
deep,  ftad  ftiniidied,  17  ceDtimetna  abote  Che  gtonnd,  with  a  falaa  bottom,  Iwn^ 
peiTOratuHia  of  3  millimstrea  each  is  diameter,  are  pUcad  aide  by  aide.  Steam  <mii 
M  OMidnetod  under  ttu  falaa  bottom  bj  meana  of  a  parfomtad  ateun  ^pe.  Tlma 
hectolitna  of  aoda  la;,  of  Rieciflc  gravitr  1-26,  are  mixed  in  each  tabhI  with  400 
kilogiama  of  fat,  and  heated  with  a  jet  of  steam  ;  and  that  the  fat  ma;  be  qnit«  iM- 
nerwd  in  the  alkali,  a  aecond  perforated  plate  ia  placed  on  the  tap  ot  Ihs  miztafai 
Thia  TO^  npoD  veitiaal  mds,  in  aueh  a  wa^  that  it  fall*  of  ita  own  wei^t,  or  it 
ma;  be  preaaed  down  bj  th«  band.  The  fot  ria«  above  the  periocated  plate  aa  aotm 
aa  the  gJkaline  aolation  haa  penetrated  and  disaolved  the  membiBDB.  Aftai  aboat 
three  honra'  boiling  the  two  platea  almost  toneh  each  othsr,  leaving  bnt  a  modicnm  of  fat 
with  the  akin  refuse  betweea  the  two  ptatca.  The  eteam  la  then  tamed  tJC,  and  tha 
aoda  liqnor  drawn  off  b;  a  lower  tap,  and  dean  water  having  been  mo  in  for  a  ahart 
tine,  the  veaael  is  again  heated  with  ateam.  After  the  oontenta  of  the  cylinder  hare 
been  allowed  to  aettle.  dla  fat  is  nin  off  from  the  aqaeoas  eolation  into  ooppv 
Teaaela  1  metre  in  length  with  a  diameter  of  7S  centimetroa,  and  two  of  thwe  aM 
required  for  each  of  Uie  larger  vessela.  Theee  twenty  cylinders  are  heated  in  ona 
lai^  watar  bath.  After  standing  twelve  honra  tLe  tallow  is  dphoned  into  »  oopptt 
cooler,  and  afterwards  placed  in  casks  to  give  it  the  commercial  form ;  m'  it  ij  at  onaa 
worked  np  into  candlea.  The  alkalioe  and  aqneous  Uqnids  are  poured  into  aheet-iioi 
veaaela  worked  on  the  Floruitine  primuple,  in  which  Che  exit  tube  Irom  the  bottom  «f 
the  first  loada  into  the  upper  part  of  the  second  vessel,  and  ao  on  thnmgbont  tba 
series,  and  in  this  manner  the  fat  collects  on  the  surface,  allowing  the  liqnid  undet^ 
neath  to  Sow  out.  The  alkaline  liquid  that  separates,  xtill  containing  the  odooaa 
fatty  acids  which  have  been  dissolved  bv  the  soda,  ia  decomposed  in  wooden  Tata  with 
dilute  sulphuric  acid,  and  the  fhtCy  acid  rising  to  the  surface  is  aepamted  trooi  tha 
saline  solution  in  the  way  just  described. 

The  fatty  miitnra  ao  obtained,  conaiating  of  offensive-smelling  and  coloond 
&tty  acida  with  i  to  1  {  per  cent,  by  weight  of  pure  fat,  ts  used  in  Uie  manufkctva 

Hanj  plans  have  been  aaggeBted  to  prevent  the  offensive  odonra  alwaji  ariiiK 
in  tallow  melting.  Amongst  those  plana  in  which  the  melting  pota  are  providea 
with  covara  through  which  the  gases  are  conducted  into  a  flue  or  are  prsvionarr  burnt, 
Che  following  is  ahnost  the  only  one  which  anawen  successfully.    Pig.  44S  repreaents 


H.  Vohl's  covered  apparatus  for  tallow  maldng.  a  ia  a  cast-iron  vuael,  lined  with 
sheet  lead,  with  a  riddled  bottom  dd;  a  ia  a  tap  to  draw  off  the  aqveoua  liqnid  j  6  is 
the  tap  through  which  the  fat  is  drawn, p  ia  the  fire-gt«te.  b  ia  a  caat-inmrimwi^ 
door  T  for  filling  tba  put,  e  the  cover,  with  a  mica  plate  s  a.  lu  tlia  door  r  ia  ^ 
an  apartare  covered  with  mica  for  the  purpose  of  aeeing  into  the  intarior;  D  ia  the 
veaed  into  which  the  gases  given  off  in  the  melting  prooasa  an  puaad  ij 
the  tube  w;  y  ia  a  cover  with  sand  joinU  r  r;   poxlered  lima  ia  plaMd  IB  Hi 
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inside  of  d  on  oblique  shelves  to  retain  the  offensive  smelling  products.  The  tondensed 
liquid  floMTs  off  through  the  pipe  (A),  and  the  gases  and  steam  pass  through  into  the 
condenser  (b),  which  contains  coke  moistened  with  sulphuric  acid.  The  liquid  which 
is  here  condensed,  passes  through  the  pipes  (z  and  x),  whilst  the  gas  passes  from  g 
along  the  tube  p  into  the  ash  pit  (o)  under  the  furnace,  o  is  enclosed  by  an  iron  door, 
through  which  a  powerful  draught  of  air  can  be  sent,  carrying  with  it  all  the  gas 
from  the  apparatus  into  the  fomace.  The  waste  gas  from  the  fornaoe  passes  out  at  o. 
In  the  manufactory  of  Arlot  and  Co.  at  La  Villette,  the  fat  is  melted  in  pear-shaped 
and  perpendicular  cauldrons  placed  directly  over  the  firo.  The  manhole  is  closely 
fastened  during  the  working,  and  the  gases  force  their  way  through  another  opening 
to  a  channel  'vdiich  is  common  to  16  cauldrons.  The  mixed  gases  before  reaching 
the  large  furnace  aro  carried  over  the  grate  of  a  second  or  auxiliary  furnace  which  is 
kept  in  a  red-hot  state  by  a  separate  fire,  so  that  the  gases  may  be  completely  con- 
sumed beforo  passing  into  the  chimney.  It  has  not  been  found  sadsfactory  to  lead  the 
vapours  direct  to  t£e  cauldron  furnace,  in  consequence  of  the  draught  being  so 
diminished  as  to  be  insufficient  to  support  the  heat  necessary  for  the  melting  opera- 
tion. A  better  combustion  of  the  gases  ensues  if  they  aro  carried  over  the  hottest 
part  of  the  fmnaoe. 

Stein  has  proposed  to  absorb  the  noxious  vapours  and  to  ronder  them  innocuous, 
beforo  allowing  them  to  escape  into  the  atmosphero,  by  a  layer  of  wood  charcoal  and 
lime  placed  to  the  depth  of  3  to  4  inches  on  a  perforated  plate  over  each  cauldron. 

In  addition  to  the  disadvantage  arising  from  the  necessity  of  using  a  fresh  layer 
of  deodorising  material  at  every  melting,  the  cauldron  must  be  fitted  with  special 
contrivances  (such  as  a  false  bottom,  steam  heat,  etc.)  made  necessary  by  the  stirring 
required  during  the  melting  operation. 

The  different  kinds  of  fat  and  oil  derived  from  plants  are  generally  extracted  by 
a  simple  mechanical  operation  of  pressing  the  seeds  and  other  parts  of  the  plants 
which  contain  these  substances  in  large  proportion.  Heat  is  sometimes  applied  to 
facilitate  the  extraction  of  the  oil ;  but  the  product  thus  obtained  is  almost  invari- 
ably inferior  to  that  extracted  without  heat,  or  as  it  is  termed  cold  drawn.  Oil 
is  extracted  fix>m  the  livers  and  other  parts  of  fish  in  tlie  same  manner,  as  well  as 
from  various  marine  animals,  such  as  the  whale,  seals,  etc. 

Of  the  Principal  Kinds  of  Oil  that  are  Liquid  at  the  ordinary  Temperature, — O  live 
oil  is  obtained  by  pressing  the  fruit  of  the  olive  troe  {Olea  europaa)t  a  native  of 
Asia,  g^wing  luxunantly  in  the  south  of  Europe.  Oil  of  almonds  is  the  fixed 
oil  obtained  by  expression  from  the  fruit  of  the  almond  tree  {Amygdalus  communis). 
Rape  or  colza  oil  is  expressed  firom  the  seeds  of  various  species  of  Brasicoa,  and 
nut  oil  from  the  fruit  of  the  ground  nut  (Arachis  hypogaa).  Linseed  oil  is  ex- 
pressed from  the  seeds  of  the  common  HaxCLinum  usHatissimum)^  and  cotton  seed 
oil  from  the  seeds  of  the  cotton  plant  (Gossypium  harbadense^  and  other  species): 
these  two  oils  have  siccative  properties.  Train  oil  is  obtained  by  boiling  the  blubber 
of  various  species  of  whales,  especially  Bakena  mysticetus^  but  the  sperm  whale 
{Pkyseta  maerocephalus)  yields  sperm  oiL  Cod  liver  oil  is  obtained  principally  from 
livers  of  the  common  cod  {Gadus  Morrhua\  the  best  quality  being  extracted  without 
heat  and  the  commoner  kinds  by  heat  and  pressuro ;  seal  oil  is  obtained  similarly 
from  the  fsX  of  differont  species  of  seals.  JLard  oil  is  the  liquid  oil  that  separates 
when  pig's  &t  is  subjected  to  prossure. 

Of  the  Principal  8oUi  Fats. — Palm  oil  is  obtained  by  bruising  and  boiling  with 
water  the  fruit  ca  a  palm  {EUds  yuianensis)  growing  in  Western  Afnca.  Cocoa  nut 
oil  is  obtained  by  prossing  or  boiling  the  kernel  of  the  fruit  of  the  cocoa  nut  palm 
[Coeos  nucifera).  Cacao  butter  is  obtained  by  expression  from  the  seeds  of  the 
l%eobro7na  Cacao.  Butter  is  the  fat  separated  by  churning  from  coVs  milk.  Lard 
is  prepared  by  melting  the  fiit  of  pigs,  and  separated  from  the  membranes  by 
stnoning. 

Purification  of  Fish  Oil. — ^For  some  time  past  Payen  has  recommended  the  purifica- 
tion of  fish  oil  by  warming  it  in  deep  copper  vessels,  placed  in  a  water  bath ;  and 
then  in  the  same  vessels,  allowing  the  oil  to  cool  very  slowly  to  a  temperaturo  of  12** 
to  16^.  A  viscid  but  somewhat  firm  fat  remains  at  the  bottom,  whilst  the  oil  can  be 
separated  by  decantation.  The  residue  is  mixed  with  others  of  a  like  naturo  in  a 
copper  vessel,  whero,  after  some  time,  a  further  decantation  of  oil  is  possible,  and  it  can 
thus  be  very  completely  separated.  The  further  clearing  of  both  products  is  carried  out 
in  the  following  manner :  the  firm  fat,  about  5  to  10  per  cent,  of  the  whole,  is  melted 
in  a  wooden  vat  by  allowing  steam  to  enter  freely.  At  the  temperature  of  ]  00°,  1  to 
2  per  cent,  of  muriatic  acid  or  tartaric  acid  is  added.  The  mass  having  been  well 
stored  is  allowed  to  cool  as  slowly  as  possible,  which  is  attained  by  wrapping  a  non- 
oonducting  material  round  the  melting  tub.    The  fat  will  now  be  found  to  be  much 
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fizmer  and  whiter,  as  a  eoiuiiderable  quantity  of  the  impurity  has  been  either 
destroyed  or  retained  by  the  acid.  The  liquid  oil  thus  separated  is  heated  to  lOO*',  thai 
violently  stirred  after  mixing  with  it  1  per  cent,  by  volume  of  a  saturated  solution  of 
caustic  potash  (1*453  sp.  gr.),  which  saponifies  the  noxious  port  of  the  oil,  whilst  the  oil 
itself  is  Ic^  dear  and  colourless.  As  a  final  operation  the  oil  is  filtered  throng  woollen 
bags.  The  soap  residue  is  dissolyed  in  water,  and  the  fatty  acids  precipitated  from 
their  potash  compounds.  In  the  purification  of  the  much  darker  oil  obtained  firom 
some  kinds  of  fish  it  is  preferable  to  use  1  per  cent,  by  volume  of  soda  lay. 


MANUFACTURE  OF  SOAP. 

It  has  been  already  explained  that  when  fi&tty  acids  or  the  neutral  fitts  aio  heated 
with  alkaline  or  other  bases,  combination  or  decomposition  occurs,  and  that  salts  of 
the  &tty  acids  are  formed.  The  commercial  production  of  these  salts,  or  '  soaps,'  as 
they  are  termed,  constitutes  an  immense  industry,  the  consumption  of  soap  as  a 
deansing  agent  increasing  with  advance  in  civilisation.  Chemically  speaking,  any  salt  of 
a  fatty  acid  is  a  soap;  industrially,  the  term  soap  signifies  an  alkaline  ssit  of  a  hXtj 
add.  On  treatment  with  water,  these  salts  liberate  alkali,  and  it  is  the  alkali  thus 
liberated  which,  by  its  action  upon  fatty  and  other  impurities,  renders  them  soluble  in 
water,  and  thus  produces  the  cleansing  effect.  The  liberation  of  free  alkali  ftom  soap 
by  water  is  due  to  the  fiict  of  their  being  split  up  into  free  alkali,  and  a  more  aod 
combination  than  the  original  soap.  Thus,  when  ordinary  hard  soap  is  used  to 
washing,  the  water  decomposes  it,  resolving  it  into  soluble  free  soda  and  curds ; 
these  curds  or  insoluble  fiocks,  which  fioat  on  the  surface  of  the  water,  consist  of  the 
sodium  salt  of  a  fatty  add ;  but  it  is  a  combination  of  an  add  character,  in  which  the 
fiitty  acid  is  not  combined  with  soda  to  its  fullest  possible  extent.  It  is  not  unl&dy 
that  in  the  future  fatty  adds  will  be  replaced  in  the  manufacture  of  soap  by  other 
cheaper  acids — such  as  silica,  a  substance  capable  of  forming  soluble  salts  with 
alkaline  bases,  which  is,  indeed,  already  Icurgely  employed  in  the  production  of  what 
is  termed  silicated  soap. 

Without  repeating  what  has  been  described  in  another  place  (see  p.  664)  regardiqg 
saponification,  it  is  suffident  here  to  point  out  that  fats  and  fatty  acids  give  rise  to 
soaps  when  acted  upon  by  alkalies,  as  represented  by  the  two  following  equaUons: 

CwHmO,  +  NaHO  =  C,.H„NaO,  +  H,0. 
C,H48C,.H^0,  +   SNaHO  «  ^'Hi^'  "*"   SCi-HuNaO^ 

The  latter  equation  serves  to  represent  the  manner  in  which  all  fats  or  glyoeridei 
decompose  when  saponified  with  basic  oxides.  Ordinary  fats  (including  fibted  dls) 
are  constituted  of  glycerin — a  triatomic  alcohol — (C3H53HO),  in  which  three 
hydroxyls  are  substituted  by  the  residues  of  fatty  adds.     Thus,  in  the  instance  re- 

E resented  above,  tri-stearin  or  glyceryl  tri-stearate  is  taken.  Other  combinations 
owever  are  known,  and,  indeed,  a  few  are  actually  used  in  soap  making,  which  difler 
somewhat  from  ordinary  neutral  fats.  This  will  be  seen  in  a  better  way  by  writing 
the  typical  formulae  of  glycerin  and  an  ordinary  fat  dde  by  side : — 

Glyoearine.  Tri«gteariiie. 

(HO  (C,.H„0, 

C,H,   HO  C,H.   C„H,.0, 

iHO  ^C,.H„0, 

It  is  posnble  to  substitute  one  hydroxyl  in  glycerin  by  a  radical,  not  of  a  htJtj 
add  nature,  for  instance  phosphoryl,  which  would  yield  glycerophosphoric  add : 

HO 
HO 
HO(OPO)HO  or  CA^O. 

From  this  substance  others  of  a  more  complex  nature  may  be  obtained,  and  many  are 
known,  being  mainly  of  animal  origin.  Thus  the  two  residual  hydroxyls  may  be  re- 
placed by  two  molecules  of  the  same  fatty  add,  or  by  two  distinct  adds ;  thus  with 
palmitic  and  stearic  acids,  the  following  compound  would  result : 

Ci.H„0, 

c,n,c„H„o, 

OH(OPO)OH 


c,hJ: 

i 


Still  greater  variations  maj  be  effected,  and  still  more  complex  bodies  remit.    For 
instance,  one  of  the  subsidiary  hydroxyls  in  the  gronp,  phoepnoiyl,  may  be  aabatitated 
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b^  the  reddne  of  any  amine,  and,  in  fact,  oompoundB  are  obtained  from  the  brain  and 
bile  which  hare  this  oonstitntion : — 

f  C,tH„0, 

cya.  C„H„0, 

iOH(OPO)C4H„NO 

Many  Budh  substances  have  been  described  by  Strecker,  Thndichom,  and  Kingzett, 
and  they  are  saponiflable  by  alkalies  in  the  same  kind  of  way  as  ordinary  fats.  Thus 
the  body  above  represented  has  a  total  formula  of  C42HMNPO8,  and  decomposes  by 
boiling  with  alkaline  bases  into  oleate,  palmitate,  and  glycerophosphate  of  the  base 
employed,  and  the  nitrogenous  compound  C,5H,|N0. 

The  yelk  of  eggs,  formerly  used  in  soap  making,  being  obtained  from  the  print 
works  where  only  the  albumin  is  used,  contains  a  compound  similar  to  that  just  de- 
scribed, and,  indeed,  its  soap-making  qualities  are  divided  between  this  substance 
and  the  neutral  tri-olein  also  contained  m  it. 

Thedi£ferent  kinds  of  soap  in  common  use  are  classified  as  hard,  soft,  and  silicated. 

Hard  9oap  is  made  wiui  soda,  and  its  hardness  depends  in  a  great  degree 
upon  the  amount  of  stearic  and  palmitic  acids  contained  in  the  lat  which  is 
employed ;  the  combination  of  these  acids  with  bases  being  firmer  in  consistency  than 
the  corresponding  oleates. 

The  kinds  of  fat  usually  employed  in  making  hard  soaps  are  tallow,  palm  oil, 
cocoa-nut  oil,  etc. ;  in  southern  countries,  coarse  olive  oil  is  also  employed.  Ordinaiy 
resin  is  often  used  in  addition  to  these  fSeits.  The  use  of  resin  in  soap  making,  in  the 
proportion  of  about  one  fourth  of  the  tallow  emploved,  modifies  the  hardness  of  the 
0oap,  and  increases  its  solubility.  The  use  of  resin  in  making,  both  hard  and  soft 
soaps  may  be  at  once  explained ;  it  consists  of  pinic,  sylvic,  and  colophonic  acids,  or 
oxidised  products  of  turpentine,  considerable  (quantities  of  which  are  obtained  in  the 
distillation  of  crude  turpentine,  etc.  The  resm  is  first  purified  and  freed  from  colour 
by  distillation  in  steam,  after  which  it  may  be  used  for  making  soap  either  alone  or  in 
mixture  with  fat.  The  acids  of  resin  are  strong  enough  to  decompose  sodic  carbonate, 
and  their  combinations  with  fixed  alkaline  bases  are  soaps,  in  the  sense  that  on  treat- 
ment with  water  they  liberate  alkali. 

The  pans,  or  coppers  as  they  are  termed,  used  in  soap  making  are  of  various  sizes, 
the  larser  ones  being  about  Id  feet  in  diameter  and  as  many  feet  in  depth,  and  con- 
structed of  wrought-iron  plates  ri  vetted  together.  Such  coppers  can  turn  out  from  25 
to  80  tons  of  soap  in  one  operation.  Heat  may  be  applied  in  several  ways ;  in  some 
instances  the  contents  of  the  coppers  are  heated  by  a  steam  pipe  passing  into  them ; 
in  other  cases  a  steam  jacket  is  used,  while  yet  other  manufacturers  heat  their  pans  by 
fire.  These  pans  are  first  charged  by  the  fat  or  oil,  and  resin  (if  it  be  desired  to  use 
it),  and  then  to  the  mass  is  added  a  weak  caustic  soda  ley  of  1*05  specific  gravity,  and 
the  whole  boiled  and  stirred  ;  saponification  gradually  ensues,  or  if  it  does  not  take 
place  properly,  the  evil  is  remedied  by  the  further  addition  of  soda  ley.  From  time 
to  time  stronger  leys  are  run  in,  but  these  never  exceed  a  gravity  of  about  I '09. 
When  the  alkali  is  in  excess,  a  further  quantity  of  fat  or  oil  is  added,  then  more  soda, 
then  fiit  again,  and  so  on,  finally  adjusting  and  completing  the  saponification  in  the 
pans  by  the  time  they  are  nearly  filled.  A  precaution  which  is  always  observed  is 
that  finally  there  is  no  considerable  excess  of  alkali  present. 

The  soap  thus  produced  has  next  to  be  separated  in  a  solid  form  from  its  solution, 
and  this  is  effected  by  the  addition  of  common  salt  to  the  mixture ;  soaps  being 
insoluble  in  a  strong  solution  of  salt.  About  10  lbs  of  salt  are  used  to  every  100  lbs. 
of  fatty  material  employed.  The  soap  thus  precipitated  fioats  in  the  state  of  a 
granular  mass  or  curd,  from  which  the  spent  ley  containing  the  glycerin  is  run  oS,  and 
Uie  soap  itself  is  boiled  again  with  fresh  weak  ley,  until  a '  close '  state  or  homogeneous 
mixture  is  obtained.  The  details  of  further  operations  now  depend  upon  the  kind  of 
soap  it  is  desired  to  turn  out,  but  these  are  of  a  simple  kind  and  need  not  be  entered 
into  particularly.  The  soap  curd  is  allowed  to  remain  quiescent  for  some  hours,  or 
a  period  ranging  up  to  two  days  :  in  this  way  the  ley  subsides  and  the  soap  may  be 
ladled  from  the  top  and  transferred  to  cast-iron  frames,  where  by  cooling  it  solidifies. 
The  final  operation  consists  in  cutting  up  the  soap  into  slabs  or  bars  by  means  of  wires. 

Soft  soap  is  made  for  the  most  part  from  whale,  seal,  and  linseed  oils,  tallow 
and  resin  in  this  country ;  hemp,  linseed,  and  poppy,  and  other  dr3ring  oils,  as  well  as 
rape  and  train  oils,  are  also  used  on  the  Continent.  The  manufacture  resembles  in  all 
important  points  that  of  hard  soap,  with  the  difference  that  potash  ley  is  used  in- 
stead of  s<xia.  The  potash  solution  ^of  from  0^  to  1 10^  B.,  specific  gravity  from  1*06 
to  1*08),  is  made  from  pearlashes  and  American  potashes.  The  boiling  of  the  oil  or 
fiitty  material  with  the  weaker  ley  is  continued,  until  the  mixture  becomes  of  a  streaky 
appearanoe,  when  the  stronger  alkali  is  added  to  effect  clarification,  and  the  boiling 
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continued  with  continmd  «tirriug.  After  a  time  the  soap  bej^ns  to  '  talk,'  as  the 
soap  makers  term  the  noise  of  the  bursting  bubbles,  and  when  this  happens,  the  heat- 
ing is  discontinued,  and  the  soap  is  ready  to  pack  in  casks  on  cooling. 

Mottled  soap  is  often  produced  by  the  addition  to  the  nearly  finished  soap  of 
crude  soda  liquor,  containing  in  solution  the  double  sulphide  of  iron  and  sodium.  As 
it  falls  through  the  soap,  the  iron  is  precipitated  as  oxide  in  veins,  thus  giving  rise  to 
the  appearance  of  marble.  At  times  other  reagents,  such  as  prussian  blue,  are  used 
with  tne  same  olject.  Mottling  is  merely  a  trade  practice,  and  serves  no  useful 
purpose. 

Hard  soap  differs  in  composition,  and  contains  Arom  20  to  30  per  cent,  water,  70  to 
60  per  cent,  of  fatty  acids,  and  8  to  10  per  cent,  alkaline  base ;  while  soft  soap  oontaiiis 
from  40  to  60  per  cent,  water,  with  60  to  40  per  cent,  fatty  acid,  and  from  10  to  12 
per  cent,  potash. 

Toilet  toap  is  produced  by  dissolving  ordinary  curd  soap,  and  incorporating  irith  it 
perfumes  or  particular  substances,  the  addition  of  which  determines  the  name  and 
character  of  the  soap  to  be  produced. 

Silicated  soap  is  now  produced  on  a  large  scale,  in  particular  by  Messrs.  W.  Gossage 
and  Sons,  and  it  represents  the  most  recent  advance  in  soap  making. 

Silicated  soap  is  a  mixture  of  ordinary  soap  and  soluble  glass  or  alkaline  ffi1ifmt4W^ 
which  latter  substances  are  possessed  of  detergent  power,  from  the  fact  that  by  tzeat- 
ment  with  water  they  liberate  alkaU.  Silicated  soap  is  cheaper  than  oidiBazy  soap, 
and  besides  its  domestic  employment,  it  admits,  therefore,  of  use  in  certain  mamO&e- 
turing  processes — such  as  the  f^ng  of  woollen  goods — when  operations  of  <*l<»Mi>m>g 
are  involved. 

The  soluble  elass  is  first  made  by  melting  9  parts  of  soda  ash  (of  60  per  cent 
caustic  soda)  with  11  parts  of  dean  sand;  whSe  when  soft  soaps  are  required,  eaual 
weights  of  carbonate  of  potash  and  sand  are  taken.  The  melted  glass  is  ground,  Umb 
dissolved  by  boiling  in  water  rendered  alkaline,  and  the  solution  thus  obtained  if 
mixed  with  the  ormnary  soap  by  a  mechanical  stirring  apparatus. 

In  1862  Qre&t  Britain  produced  83,200  tons,  about  one-half  of  which  was  made  in 
Lancashire.  In  1870  Lancashire  alone  produced  as  much  as  the  -whole  of  Great  Biifami 
had  produced  in  1862. 

ARTIFICIAL  LIGHT  AND  LIGHTING  MATERIAL. 

One  of  the  most  important  applications  of  fat  and  oil  is  that  of  burning  for  the 
production  of  light.  Towards  the  end  of  the  eighteenth  century  animal  fat,  such  as 
tallow  and  several  kinds  of  oil  obtained  from  fish,  were  the  only  materials  used  in  this 
way,  the  former  being  used  as  candles,  the  latter  for  burning  in  lamps.  Since  that 
time  other  kinds  of  oil  derived  from  plants  have  been  introduced  into  U8«  for  this 
purpose,  and  considerable  improvements  have  been  made  in  the  preparation  of  thi^ 
material  for  candles.  Combustible  substances  of  mineral  origin  have  also  been  brouglit 
into  extensive  use  as  light-producing  materials.  In  burning  any  of  these  substancsi 
either  in  a  lamp  or  in  the  form  of  a  candle,  they  undergo  decomposition  of  such  a 
nature  as  to  produce  combustible  gas,  and  in  both  cases  it  is  the  combustion  of  this 
gas,  as  it  is  formed,  that  gives  rise  to  the  luminous  fiame.  The  special  production  of 
gas  suitable  for  burning  in  this  way,  and  capable  of  being  stored  up  fDr  use  when  re- 
quired or  transported  to  considerable  distances,  is  another  improvement  in  the  art  of 
artificial  lighting,  beside  which  all  others  sink  into  comparative  insignificance.  The 
material  employed  for  this  purpose  is  coal,  and  the  process  b^  which  combustible  gas  is 
obtained  from  it  is  essentially  the  same  as  that  taking  place  m  the  flame  of  a  canme  or 
a  lamp,  except  that  the  gas  produced  is  not  immediately  consumed  as  in  these  oasM» 
but  is  first  conveyed  in  pipes  to  the  place  where  it  is  to  be  burnt. 

The  industrial  operations  connected  with  the  preparation  of  materials  for  artificial 
lighting  may  therefore  be  treated  of  under  three  heads — viz.,  the  treatment  of  natural 
oil  and  fat,  so  as  to  ronder  them  suitable  for  burning  in  lamps,  and  for  the  manufK- 
ture  of  candles ;  t^e  extraction  of  liquid  and  solid  materials  from  petroleum  as  well  as 
the  production  of  analogous  materials  ^m  bituminous  minerals  by  destructive  dis- 
tillation ;  and,  lastly,  the  production  of  gas  from  coal. 

Prefabation  of  Oil  ob  Fat  for  Bubnino. — The  kinds  of  oil  now  chiefly  used 
for  burning  in  lamps  are  sperm  oil  and  rape  or  colza  oil,  and  the  preparation  they 
undergo  for  the  purpose  is  intended  only  to  separate  admixturos  of  mucus  and  other 
substances,  which  would  give  rise  to  incrustation  of  the  wick  with  carbon. 

The  treatment  to  which  tallow  and  other  kinds  of  solid  fat  are  sulgecled,  in  order 
to  propare  them  for  making  candles,  is  intended  chiefly  to  increase  the  ooooisteiiey  of 
the  various  materials  and  reduce  their  fusibility.    These  objects  aro,  to  sonie  extent» 
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attained  br  pressing  the  flat,  so  as  to  separate  the  olein  or  liquid  portion  fix>m  the 
solid  constituents,  stearin  and  palmitin.  But  the  most  effectual  method  is  to  decom- 
pose the  fats  by  saponification,  and  then,  after  removing  the  glycerin,  to  separate  the 
fatty  acids  by  pressure.  By  this  means  also  a  candle  material  is  obtained  which  is  not 
liable  to  become  rancid  like  natural  fat.  The  separation  of  the  fatty  acids  can  bo  carried 
out  in  several  ways:  e.g.  1.  By  saponifying  the  fat  with  lime  and  decomposing  the 
lime  salt  with  acid.  2.  By  the  use  of  very  little  lime  simultaneously  with  high- 
pressure  steam.  3.  By  decomposition  with  sulphuric  acid.  4.  By  means  of  superheated 
steam.  Beef  and  mutton  tallow,  and  latterly  also  palm  oil,  chiefly  serve  as  the  raw 
material  for  the  preparation  of  stearic  acid.  Mutton  tallow  contains  the  most  stearic 
acid,  but  the  other  fats,  palm  oil  especially,  are  generally  much  cheaper,  and  these  are 
now  being  more  largely  employed  for  this  purpose. 

8ajf(m\fioation  with  Lime. — The  lime  used  must  be  as  pure  as  possible.  It  is 
mixed  with  10  times  its  weight  of  water,  and  then  passed  through  a  fine  wire  sieve. 
1000  kilograms  of  tallow  are  mixed  with  1,600  kilograms  of  water,  in  a  wide  wooden 
vat  lined  with  sheet  lead,  of  4,000  litres  capacity.  This  vessel  is  heated  by  means  of 
■team  so  as  to  melt  the  fat,  and  milk  of  lime  containing  140  kilograms  of  burnt  lime 
is  added.  In  order  to  facilitate  the  action  of  the  lime  the  mixture  must  be  kept 
stirred  either  by  manual  or  by  mechanical  appliances.  A  hard  insoluble  lime  soap  is 
formed,  and  the  water  holdst  he  glycerin  dissolved.  The  whole  of  the  fat  is  saponified 
after  6  to  8  hours  heating,  and  the  aqueous  solution  is  separated.  In  many 
manufactories,  in  order  to  save  time,  the  still  warm  and  consequently  soft  soap  ia 
mixed  in  the  same  vat  with  sulphuric  acid.  In  other  works,  on  the  contrary,  the  cold 
soap  ia  pulverised  and  sifted,  then  decomposed  with  sulphuric  acid  in  a  fresh  vessel 
of  the  same  form  and  capacity  as  the  first.  Ordinary  chamber  acid  or  concentrated 
acid  of  1'846  sp.  gr.  will  decompose  the  lime  soap,  although  it  is  preferable  to  use  acid 
of  1*21  sp.  gr.  140  parts  by  weight  of  lime  theoretically  require  245  parts  of  sulphuric 
acid,  but  to  ensure  a  successful  operation  it  is  usual  to  employ  274  parts  of  sulphuric 
acid  for  every  140  parts  of  lime  used.  About  three  hours  are  occupied  to  effect  the 
decomposition,  which  results  in  the  formation  of  stearic  acid  and  sulphate  of  lime. 
At  the  termination  of  the  operation  the  sulphate  of  lime  is  deposited  at  the  bottom 
of  the  vat,  whilst  the  fatty  acids  swim  as  an  oily  layer  on  the  top  of  the  acid  liquid. 

Washing  the  fatty  acid, — The  fatty  acids  are  brought  into  a  vessel  of  the  same 
shape  and  arrangement  as  the  one  used  in  decomposing  the  soap,  and  then  to 
remove  the  last  traces  of  lime  it  is  warmed  with  sulphuric  acid  of  1*001  sp.  gr.  As  a 
final  operation  to  remove  the  excess  of  acid  it  is  once  washed  into  water.  The  washing 
processes  are  conducted  at  a  temperature  of  100^.  The  yield  of  fatty  acids  of  course 
varies  with  the  kind  and  the  purity  of  the  fat  employed.  According  to  K.  Wagner, 
tallow  gives  94*4  per  cent,  of  fatty  acids,  which  contain  about  46  per  cent,  of  solid 
acid  as  stearic  acid  and  palmitic  acid. 

Crystallisation. — The  washed  fatty  acids  are  placed  in  moulds  made  of  tin  plate 
somewhat  wide  and  of  a  capacity  of  3^  litres  each  :  here  by  cooling  the  mass  solidifies 
to  slightly  coloured  cakes,  each  of  which  weighs  about  2  kilograms.  To  separate  the 
impure  and  coloured  oleic  acid  the  solid  cakes  are  pressed  first  cold  and  finely  hot. 

Cold  pressure. — Each  cake  of  fatty  acids  is  wrapped  in  wooUon  cloths  and  placed 
under  an  ordinary  hydraulic  press  in  alternate  layers  of  press  bags  and  zinc  plates, 
to  the  height  of  one  metre,  and  in  this  way  subjected  to  a  gradual  and  increasing 
pressure  for  from  5  to  6  hours.  By  this  means  the  greater  part  of  the  oleic  acid  is 
expressed,  but  by  cold  pressure  it  is  impossible  to  get  rid  of  the  last  portions ;  it  has 
therefore  to  bo  subjected  to  hot  pressure  at  about  40°. 

Hot  pressing. — The  cakes  to  be  pressed  are  wrapped  in  horso-hair  cloths,  and 
placed  between  hot  iron  plates  in  an  hydraulic  press  arranged  so  that  the  whole  can 
be  heated  by  steam.  The  expressed  oleic  acid  is  run  off  into  a  reservoir  where,  by  slow 
cooling,  more  solid  acid  separates  and  is  recovered  by  cold  pressing,  and  afterwards 
added  to  a  laigo  batch  for  hot  pressing. 

The  solid  cakes  of  fatty  acids  after  hot  pressure  have  once  more  to  be  refined  is 
order  to  eliminate  the  last  portions  of  lime.  For  this  purpose  they  are  molted  with  hot 
dilute  sulphuric  acid  of  1*022  sp.  gr.,  in  a  large  vat :  the  mass  washed  with  hot  water, 
then  clarified  with  albumin.  In  this  way  stearic  acid  is  completely  purified,  and  is  ready 
for  the  market,  either  as  cakes  or  in  candles.  To  prevent  the  loss  of  sulphuric 
acid  in  the  form  of  gypsum,  it  has  been  proposed  to  use  baryta,  or  alumina  in  the  form 
of  sodic  aluminate,  instead  of  lime  for  the  saponification ;  these  would,  by  the  after 
process  with  acid,  become  respectively  sulphate  of  baryta  and  sulphates  of  soda  and 
alumina.  But  neither  method  has  been  much  used,  partly  on  account  of  the  heavy 
mass  of  baryta  required,  but  also  because  lately  in  large  manufaictories  quite  a  diffd- 
rant  process  has  been  carried  on. 
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StmonificaHon  with  very  little  Lime,  with  the  simultaneous  employment  o/Biak-preS' 
sure  Steam, — Be  MiUy  has  fonnd  that  the  decompoBition  of  the  tallow  can  be  oom- 
pleted  by  using  3  per  cent,  of  lime  instead  of  14  per  cent,  by  weighty  but  inereasinff 
the  temperature  in  an  enclosed  vessel  by  means  of  nigh-pressure  steam  to  172^f  whi^ 
answers  to  «ght  atmospheres.  The  chief  advantage  presented  by  this  process  is  of 
course  in  using  less  lime,  thereby  preventing  expenmture  of  smphurie  acid.  The 
reason  of  so  little  lime  doing  the  work  lies  in  the  fact  that  hi^-pressure  steam  bj 
itself,  as  fully  described  before  (p.  664),  splits  up  the  &tty  bodies  into  glycerin  and 
fatty  acids.  The  small  (quantity  of  lime  serves  a  suboroinate  part,  by  preventing 
the  re-formation  of  glycendes  by  the  action  of  the  free  acids  and  glycerin  on  one 
another.    The  starting  of  the  process  is  also  due  to  the  lime. 

The  apparatus  devised  by  Be  Milly  consists  of  a  vertical  vessel  of  stronff  copper 
or  iron  sheeting  lined  with  lead,  of  two  metres  in  height  and  one  metre  in  £ameter. 
The  melted  tallow  is  poured  from  a  reservoir  into  the  vessel  throu^  a  narrow  tube, 
and  a  second  tube  serves  as  an  exit  passage  for  the  vapours,  ^ere  is  also  a  third 
pipe  passing  through  the  middle  and  reaching  almost  to  the  bottom,  which  serves  for 
emptying  the  vessel ;  the  cylinder  is  provided  in  addition  with  a  man-hole  at  tlie  side 
for  the  introduction  of  the  lime,  and  with  a  thermometer,  a  manometer,  and  with  a 
safety  valve  to  resist  a  pressure  of  ten  atmospheres. 

2,300  parts  by  weight  of  tallow  are  placed  in  the  melting  pot  and  mixed  with 
2,000  parts  of  milk  of  lime  (containing  69  parts  of  lime)  having  been  previously  made 
hot  by  steam.  Steam  under  a  pressure  of  10  atmospheres  is  then  idlowed  to  enter 
by  the  steam  cock,  from  the  lower  part  of  the  vessel,  and  exerts  a  pressure  of  about  8 
atmospheres,  which  is  equivalent  to  a  temperature  of  172^.  High-pressure  steam  cor- 
responds to  the  following  temperatures : — 

5  atmospheres 152^ 

6 160*> 

7  », 166^ 

8  , 1720 

9 177«» 

10 1820 

The  decomposition  is  accomplished  in  7  hours ';  the  steam  cock  is  then  closed  and 
the  temperature  lowered  to  130**  for  30  to  40  minutes.  The  aqueous  liquid  con- 
taining uie  glycerin  is  drawn  off,  and  can  be  used  at  the  next  operation  instead  of 
water.  In  Uiis  way  the  glycerin  is  incidentally  concentrated.  The  mixture  of  the 
fatty  acids  and  soap  floating  on  the  surface  having  been  separated  from  the  lower 
liquids  is  decomposed  in  a  vat  lined  with  lead,  bv  means  of  sulphuric  acid,  in  a 
manner  similar  to  that  explained  above  for  the  ola  process.  As  nero,  however,  the 
chief  part  of  t^e  fatty  body  consists  of  free  acid  with  only  a  small  quantity  of  lime 
soap,  just  sufficient  sulphuric  acid  and  no  more  is  used  for  the  decomposition 
(namely  133  parts),  nor  is  it  necessary  to  pulverise  the  soap  as  it  lies  finely  divided 
in  the  fatty  acids.  All  the  principal  operations  of  washing,  etc.,  to  be  carried  oat 
with  the  fatty  acids  are  the  same  as  in  the  old  method. 

Decomposition  of  the  Fatty  Bodies  by  Sulphuric  Acid  with  subsequent  JHstiUatum,—' 
According  to  the  observations  of  Fremy,  fatty  bodies  are  split  up  by  concentrated 
sulphuric  acid  into  sulpho-glyceric  acid  and  the  sulpho-fatty  acids.  These  com- 
pounds are  decomposed  by  treatment  with  boiling  water  into  free  glycerine  and  sul- 
phuric acid,  which  are  dissolved,  and  into  the  insoluble  fatty  acids.  On  this  reaction 
IS  based  a  new  method  of  separation,  which  is  specially  tidapted  for  impure  tslttj 
bodies  such  as  kitchen  refuse,  butcher's  offal,  and  the  like,  but  more  particularly  for 
palm  oil,  as  the  fat  acid  separated  in  this  way  is  afterwards  subjected  to  distillation. 

There  is  a  groat  variation  observed  in  factories  working  the  methods  of  Gwyne, 
Wilson,  and  Coley  Jones,  in  the  strength  of  the  sulphuric  acid,  in  the  temperature  em- 
ployed, and  in  the  time  occupied  for  the  operation.  Usually  12  to  16  per  cent,  bj 
weight  of  concentrated  sulphuric  acid  serves  for  tallow,  10  to  13  per  cent,  for  fat  refose, 
and  8  to  9  per  cent,  for  palm  oil.  The  temperature  is  raised  or  the  time  of  open- 
ing is  lengthened  as  the  proportion  of  sulphuric  acid  is  lowered.  Fatty  refute 
requires  a  special  process  of  purification.  Soap  waste,  from  the  washing  of  fleeces 
for  wool  spinning,  is  treated  with  sulphuric  acid,  and  the  floating  fatty  layer  having 
been  skimmed  off  by  wooden  spoons,  is  molted  down  on  the  water  bath  and  clarified. 
The  oil  which  hero  separates  is  decanted  off,  and  the  solid  dirty  sediment  is  placed  in 
linen  bags  and  pressed.  If  the  soap  waste  is  largely  contaminated  with  extraneous 
substances,  such  as  wool  cuttings,  earth,  etc.,  it  must  first  be  cold  pressed  to  remove 
the  water,  and  afterwards  hot  pressed  for  the  fat,  which  is  then  further  operated 
with  in  the  manner  above  described.   In  order  to  extract  the  last  portion  of  fiit  in  the 
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itua)  nuxad  -with  boiling  wstar.  hikI  thtn  n(piin  prowed 

4  thT^^^I^T^^r""^  the  impure  organic  «aUt.Q«eZ  di««.lvod. 
d  th«  K»p  nndiuo  bscome  decompowd.    The  «,p«ration  of  the  iretor  from  the 

^    .  ""'t*  ?"'  "  '«B'voi™  fitl«l  on  tho  Florentine  ej.ten.. 

iMgaertB  ttethoii  consiete  in  decomposing  iho  »oap  wstep  »ilh  mnrifttie  acid   il,fi> 


->  add,  acrolein,  etc.. 
e'tber  vitli  (nipended  par- 
ateotftt,  over  the  CMt-iron 
wn  1  into   the  ash   pit  h.  Fm.  4  43. 

t  i«  s  itirrar  ending  in  a  perforim>-i    (ilnk    ami   i 

wwuili  and  forward*  by  means  of  the  uccBQtpic  j  [..  

A»  already  stat«d  above,  the  qnantity  of  eulphuric  acid  taken  varioB  with  the 
w  of  fat  that  ia  to  be  refined.  The  temporawro  of  the  miiture  is  raised  from 
"  to  116°,  and  the  operation  is  continued  for  twelve  to  oighwcu  Iiours.  From 
>•  to  time  a  nmplo  is  takon  from  the  melting  pot,  and  when  this  eolidifieg  to  a 
^  *^.  and  the  riolet  colour  which  appears  at  the  commence mont  of  Iho  opora- 
*  kn  diaappeared,  the  action  ie  completal. 


"■?*  ■^'appeared,  the  a 
tfaiUtg  tie  erode  fatti 


coinplBt»il. 

—When  the  decomposition  ia  aufflcionCly  ailvu 

»  or  three  hours,  and  while  still  liquid  in  dran 


*,  flg.   m,  which 


^Vtture  being  raised  to 
V^Uia  decompoaitian  of 
5*SljcBric  and  and  tho 
^'^^Ml.tj  acids  into  glyce- 
"^pliaric  add,  and  the 
r,*^  commences.    The 

?th«i  pones  under  the  diridlng  wall  into  a 
^■^tlire  is  also  kept  at  100°  by  tho  steam  i 
^tiir  c  aerrea  the  same  pnrpoae,  ateam  enlering 
^Jlowi  under  a  third  dividing  wall  ii 
^**  Bora  similar  receptaclex. 
^  tlUB  washing  sppaistns  the  fatty  ac 
l^afieaUy  heaTJer  watery  liquid  Howi 
^*  snlphoric  add  treatment  and  th 
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leoond  reaervoir  B,  where  Iho 
iming  in  through  b.  Tho  rliinl 
it  i;.     From  the  last  receiver  the 


main  behind  in  the  separators,  while 

ir  the  pBjtitiona. 

iseqnent  washing  affect  the  melting 


^ttfthe  fatty  bodies! 
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The  vufasd  fattj  teidi  in  the  trtt  icurmi  a  ue  diKTU  off  abore  the  vain  leral 
flinnigb  tbe  cock  a^  and  are  traced  in  tb«  genorml  noBTcr  mdj  fir  the  diitilling 
appazabu.  Tlie  bttj  aeida  of  the  Kcoud  asd  thiid  renptadcs  s  aod  c  an  ponnd 
buk  into  tha  Gnt  aiid  vaahed  irith  a  fnab  portioD.  After  enrj  va^hiag  opantion, 
there  i>  taken  from  the  bottom  (tfthe  reMTTOiF(A]  a  Uack  depont  of  a  raaiDoaa  eoaaiB- 
tenej,  unotmling  to  about  4  to  10  per  cent,  of  ibe  anginal  maLeriaJ-  IRia  applies 
tion  at  thia  naidne  ii  described  id  detail  afterwarda. 

Inotead  at  nlpboric  acid,  latterly,  cbloride  of  zine  has  been  reeomiaendBd  fbc  the 
deoompontion  of  the  fat.  bnt  it  ban  cot  beeo  spprored  of  in  pnctice. 

The  pUu  of  Knab  differa  eBsentiall;  A«ai  t^e  one  jut  deeeribed.  ioannnch  aa  the 
tat  prenonalj  heated  it  mixed  -irith  bot  acid,  and  the  miitore  after  bnng  allmrBd  lo 
act  for  a  ghort  time  ii  poured  into  water.  The  deecmpoeitioD  thenbj  proeeedi 
quicker,  aod  in  eonaeqnence  of  the  tbort  digestion  irith  anlpliiiric  aeid  mneh  fever 
prodaeta  of deeompoaition  are  formed,  asid  the  jield  of  fattj  aeida  ii  iucreaaed  aecoid- 

The  fat  ia  heated  intn  concentnted  snlphnrie  add  id  a  hoiuootal  iron  ^Imder, 
and  kept  eontianallj  a^taled.  The  DiiztDre  Horn  throng  the  q^iaiKtiu  with  aiifB- 
cient  npidity  to  paaa  in  abont  tiro  minutes  from  one  end  to  the  other.  ItiithcD 
mn  into  a  rat  vhich  ia  thrrr  fjnnrtnr  petta  ffllod  with  btriliDg  water,  and  the  fettj 
adds  floating  on  the  mrfsee  tan  be  KpsiBted. 

The  add  naidne  is  so  pnre  that  Uiere  ia  no  need  to  distil,  bnt  merdr  to  melt  it 
in  the  ordioair  maDner,  and  then  subjeet  it  to  coid  and  hot  prening.  "the  qnaotitj 
of  add  D»d  in  Knab'e  process  raogea  in  different  mannfactoiiea  from  4  to  IS  pw 
cent.,  the  smaller  the  proportion  of  aeid  the  hieber  most  the  temperature  be  railed. 
It  ia  poaaiblB  lo  obtain  b^  tbis  method  aboot  SO  to  96  per  cent,  ot  adds,  whilst  the 
older  process  wilt  ooly  peld  87  per  cent. 

I}uliUaiiim.—A.i  the  fatt;  acids  became  contaminated  dnring  the  snlphniic  acid 
treatment  with  the  black  resinona  anbet&nee  before  mentioned,  they  mnat  be  sub- 
mitted to  distillatioD  ;  aa  the  temperatme  required  ia  very  high,  it  ia  Decesasty  to  nta 
hi^-preaanre  ateam  to  prevent  decomposition  and  an  impore  distillate.  Bj  the  nsa 
of  Steam,  the  distillation  will  proceed  between  170°  and  230°,  bat  in  practice  a  higher 
temperature  is  geuerallj  used. 

The  fatty  adds  are  placed  in  a  Teaasl  and  heated  by  an  arrangement  of  mUr 
bath  in  which  the  water  flowa  back  to  the  fteam  generator  and  keeps  the  tempen- 
ture  round  the  crude  sdde  at  abont  4S°  to  60°.  At  this  gentle  heat  the  rest  of  tha 
water  and  a  few  other  impurities  are  separated  bj  decaoiation.  The  liquid  is  atUr- 
wards  heated  in  a  square  pan,  d,  fig.  446,  haTing  sides  S^  feet  in  lengUi ;  orer  tbt 


pu  ia  a  vaulted  cover  from  which  the  condensed  watsr  trickles  round  and  fimna  a 
luting  to  the  cover.  The  heat  ia  obtained  from  a  fire  which  passes  f^om  the  ftamtcs 
1  into  the  flues  A  and  ■',  containing  etjtam  worms  into  which  ateam  ia  introdnced 
by  tho  tube  p  from  the  steam  boiler,  and  can  be  heated  to  300°.  In  the  disdlling 
operation  this  steam  ia  led  by  the  cock  k  into  the  retort  A. 

The  retort  is  of  sheet-copper,  atiout  3i  feet  in  diameter  and  6  feet  in  haiglit; 
the  lop  B  is  rivetted  on  so  aa  to  bo  air-tight.  The  Mty  adda  are  admitted  thioigh 
the  tubes  e,  by  opening  ths  cocks  (f.  The  retort  is  heated  by  means  of  a  lud  bath 
of  cast  iron  placed  at  an  interval  of  abont  on  inch,  and  reaching  up  to  about  f  of  the 
height  of  the  retort.  On  ths  cover  b  is  the  man-hols,  and  above  aJl  is  the  corar  ptats 
H*  b'  of  aheet  iron  filled  in  with  ashet  to  Iteep  in  the  heat     As  aoon  as  the  tsmpcnr 
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)  of  !t60°  IB  Tsaehsd,  known  iij  means  of  thBTmomsten  placed  in  die  ntort,  ths 
UB  ccck  X  »  opuigd,  uid  ateam  led  in  at  the  temperature  ot  about  SeO°  to  300°. 
>  (taBm  tube  ends  in  a  circle  /  from  which  the  iteun  iaaoing  fiam  a  great  number 
nksll  bolaa  ia  ilzongl;  forced  into  Che  liquid  fatty  addi.  The  temperature  of  tlia 
im  ia  obMmd  from  n  tJiariDometer  placed  near  Che  at^am  eock  x. 
Tb»  Bteam  earriaa  OTr>r  the  fatty  acida  b;  the  connecting  tube  i,  through  the 
idle  TSMel  M,  into  the  double  worm  o  o.  The  receiver  M  aenea  to  arreat  the  first 
iDetc,  which  conainCa  of  impurities,  nnd  cnn  be  drawn  oiTat  once.  The  fatty  acida 
r  into  Ibe  worm  o  o,  thence  by  the  pipe  p  into  the  recaicer  o,  ftrranged  on  the 
rantiiM  ajBtem. 

lb*  lighter  £itty  scida  swim  on  the  surface  of  the  water  in  the  fint  dirinoD  of 
MedTar,  and  the  wat«r  forcea  itself  under  the  partition  into  the  aeeoDil  dJTiaion. 
I  (Utj  aeida  are  drawn  off  at  r  and  the  water  at  a.  The  conpoeidon  of  the  adda 
eaWTely  diitillHl  dependa  on  the  time  occupied  in  the  diatJlling  proceaa  as  well 
in  the  qnalily  of  the  raw  material. 
Tlie  (toUowiag  table  ahowa  the  melting  poitfa  of  tie  diatilUtea ; — 

_ Falmoa 

1st  product  . 


2nd 
3rd 


Sth 

7th 


41" 


iS" 


The  qnanti^  of  audi  naunll;  aabmitted 
■  iboTa  desciibed  ia  aboot  one  ton,  and  the  ti 
about  twain 


62° 


0  diatillatioti  ia  nn  npporatua  of  the 
ipied  in  dietilling  this  qnaiitlty 
o  fifteen  houra.  The  residue  left  in  t£e  retort  ia  of  a  brown  larrj' 
am,  ana  is  mii  off  by  opening  the  Talre  t,  tlirough  the  tnbe  x,  into  a  receiver, 
Wra,  on  cooliag.  it  Bolidifics  to  ad  aaphalt«-  or  biCumitiouB-like  body,  equal  in  amoDBt 
kbotlt  S  or  7  per  cenL  of  the  crude  bona  fat  employed. 

100  parta  palm  oil  of  the  consistency  of  butter  sire  7S  to  80  parts  of  distillec! 
^  aeioB — a  yield  equal  t«  00  to  62  parts  of  preasea  aeida. 

ApfanUu  /or  CbnfiflHoiM  DiAtillation. — An  engraving  of  such  bd  appoiatiu  ia 
>vii  in  figs.  116  and  147.  It  consiats  uf  an  horixontal  cylinder  u.  which  la  heated 
a  lead  bath  a  a.  An  ordiaajy  man-hole  permita  access  1o  the  interior  of  the 
lindar.  The  &tty  acids,  in  a  melted  condition,  flow  in  a  thin  continuous  atream 
KRq^  the  funnel  c  frtaa  a  tap  above  it,  the  quantity  being  regulated  by  a  float,  in 
awction  with  the  tap,  abutting  or  opening  it  by  its  rise  and  iail,  according  to  the 
"■l  in  the  cylinder  b.  Aa  loau  as  the  fktty  acids  in  the  cylinder  reach  the  tempera- 
M  etiOO"  a  stream  of  steam  ia  sent  in  through  d  d.  The  mixture  of  acida  and 
it  tbiongb  the  discharge  pipe  (f)  into  the  condenaer.  The  intervening 
I-,!  »».;-  ti>.  _.t»  condenaing  in  the  conduit  tubs  from  the  ingiesaing 


I  of  Muplojing  atcamat  the  normal  temperaturo.  which  is  barelv  100°, 
nperhoated  al«un  at  250°  haa  been  osed,  and  the  atsam  pipe  d  has  also  be«n 
dTbociiDtitkUj  on  the  bottom  of  n  and  furnished  with  many  small  holes  for  the 
^  to  pMi  npwRlda  through  the  molted  mass.  After  three  to  four  days'  working 
4diw  wOl  fakve  oolleeted  in  great  qunnti^  in  n,  and  must  be  dnwc  off  by  an  ar- 
^Mnt  similar  to  tbot  of  t  (fig.  Hfi). 


%, 
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There  has  eIbo  been  &  still  constnicted  in  which  the  fatty  acids  are  heated  withoat 
the  intervention  of  a  bath,  by  means  of  hot  air  from  the  fomace  used  for  the  pro- 
duction of  the  steam  necessazy  in  the  distillation.  Masse  and  Tribonillet  hare  intro- 
duced a  still  of  this  description  into  their  manufactory  at  NeuiUy. 

Presnnff  and  Pur\fication. — The  distilled  products  are  separated  according  to  their 
different  degrees  of  purity.  The  first  distillate  with  a  melting  point  of  between  64*6^ 
and  66^  can  at  once  be  used  for  candle  making,  but  the  after  distillates,  containing 
liquid  and  coloured  acids,  must  be  first  cold  pressed  and  then  hot  pressed. 

The  pressed  cakes  are  melted  in  large  tubs  with  water,  which  has  had  the  lime 
previously  precipitated  with  oxalic  acid. 

The  following  table  gives  the  quantity  obtainable  from  the  raw  material  by  the 
sulphuric  acid  treatment : — 

Soap  suds  obtained  by  wool  washing  from  Hheims    .        .  50-65  per  cent. 

„  „  „  from  Tourcoing         .  47-50       „ 

Thick  olive  oil 55-60       „ 

Palm  oil 75-80       „ 

Fat  from  slaughter  houses 60-66       „ 

Oleic  acid  from  stearin  works 25-30       „ 

Decomposition  of  Fat  by  Superheated  Steam. — After  Tilghmann  had  found  that 
fatty  bodies  could  be  decomposed  by  superheated  steam,  various  pieces  of  apparatus  were 
devised  wherein  this  action  was  technically  employed.  Tilghmann  subjects  a  mixture 
of  the  fatty  bo<ly  and  water,  circulatini^  in  a  system  of  tubes,  to  a  heat  of  from  830^ 
to  350°.  The  decomposed  liquid  is  then  passed  through  a  spiral  cooler,  where  it  b 
cooled  to  100° ;  thence  it  passes  to  a  receiver  in  which  the  two  layers — aqueous  and 
fatty — can  be  separated. 

Wilson  and  Gwyne  heat  the  fatty  bodies  in  retorts  to  290°  to  315°  and  then 
pass,  for  twenty-four  to  thirty  hours,  steam  heated  to  315°.  The  escaping  vapoun 
are  condensed  in  a  worm.    This  method  is  used  in  England  and  in  Russia. 

One  hundred  pounds  of  talluw  should  give  sixty-six  pounds  of  stearic  acid,  against 
45  to  50  per  cent,  by  the  older  process. 

Manufacture  of  Candles. — The  operations  merely  consist  in  melting  and  shaping  the 
material  of  which  the  candles  are  to  be  made,  and  at  the  same  time  inserting  a  cotton 
wick  in  the  centre  of  the  candle.  Besides  tallow  and  the  fats  prepared  in  the  manner 
already  described,  several  other  materials  are  used  for  making  candles,  such  as  wax, 
spermaceti,  paraffin,  etc. 

Dipped  Candles. — 15  to  20  wicks  suspended  from  a  thin  stick  of  light  wood  are 
dipped  all  together  into  tallow  which  is  just  at  the  point  of  solidification.  The  wicks 
with  adhering  tallow  are  brought  out  and  cooled  and  the  operation  of  redipping  and 
cooling  is  successively  performed  until  each  candle  is  considered  to  be  of  sufficient 
thickness  and  of  the  required  weight.  Dipped  candles  are  conical  in  shape,  and 
are  thinner  at  the  top  than  at  the  bottom.  They  are  cheap  and  in  some  places  still 
preferred. 

Moulded  Candles. — A  very  gentle  heat  is  sufficient  to  melt  the  tallow  which  is  used 
for  this  purpose.  The  moulds  are  prepared,  slightly  conical  in  form,  from  an  alloy  of 
one  part  tin  and  two  parts  lead.  Through  each  mould  passes  a  wick  of  twisted 
cotton  thread,  which,  in  order  to  keep  it  in  position,  is  fastened  to  a  cross  bar  above 
and  below  to  a  plug,  which  at  the  same  time  serves  as  a  stopper  to  the  aperture. 
The  moulds  are  suspended  in  great  numbers  from  a  frame,  and  the  tallow,  in  not  too 
hot  a  condition,  is  run  in  through  a  fimnel  at  the  top.  The  tallow  having  cooled, 
the  candle  is  removed  from  the  mould  and  the  funnel-shaped  head  is  cut  off.  The 
candles  are  now  ready  to  be  packed,  and  in  such  a  way  that  from  6  to  12  equal  a 
pound.  The  weight  of  cotton  used  is  in  the  proportion  of  1  part  of  cotton  to  100 
parts  of  tallow. 

Stearin  Candles. — The  wicks  used  in  these  candles  are  generally  made  of  twisted 
or  plaited  cotton  threads,  but  sometimes,  though  seldom,  of  flax  or  hemp.  The 
twisted  wick  is  merely  a  screw-like  thread,  but  in  the  plaited  wick  the  separata 
threads  twine  through  each  other.  Cambac^res  devised  a  method  in  which  the  wick 
was  thin  and  so  strongly  plaited,  that  the  tip  of  the  wick  turned  to  the  outside  of  the 
flame  and  was  consumed  as  the  candln  burnt  down,  so  that  it  was  not  necessary  to 
cut  off  the  wick  from  time  to  time,  as  is  required  with  the  old  twitted  wicks,  to 
prevent  the  obscuration  of  the  flame  by  the  deposition  of  soot.  That  the  wicks  may 
burn  quickly  and  completely,  they  are  dipped  in  an  oxidising  material  sach  as  salt- 
petre, chlorate  of  potash,  etc. ;  also  to  prevent  the  inflation  of  the  carbonised  wick^, 
they  are  treated  with  such  substances  as  boric  acid,  borax,  sal  ammoniac,  phosphate 
and  borate  of  ammonia,  which  melt  with  the  ashes  and  fall  aside  from  time  to  time. 
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It  >■  MBBDtJal  that  tbetbickneu  of  the  wick  shoald  b«  in  the  right  proportion  to 
the  tJiidmcM  of  tha  eaodle.  If  it  be  too  thin,  a  highdr  rim  of  UDtnultod  tallow  is 
formed  ronnd  th«  csndlg :  if  it  be  too  thick,  do  rim  is  formed  at  all,  but  the  tallow 
coatinnallj  gattere. 

Vol  candle  making  the  atearie  acid  is  melted  on  the  water  bath,  and  mixed  with 
1  to  6  per  cent,  of  wai,  or  with  paraffin  in  qanntities  up  to  20  per  cent.  The  farther 
addition  of  Bach  poieonona  componnde  as  anrnioDS  acid— a  plan  fonnerlj  adopted  — 
bae  now  been  abandoned.  The  object  of  adding  wax  and  paraffin  is  to  destroy  the 
crystalline  stmctnre  of  the  atsaric  acid,  and  thus  to  render  the  candles  leas  brittle  and 
C&pable  of  bnming  more  evenly.  The  stearic  acid  before  being  cast  into  the  monlda 
ii  bronght  into  a  semi-solid  condition  which  prevente  in  some  degree  a  crystalline 
■olidiflcation  of  the  masa. 

The  monlds  (Sg.  449)  with  the  exception  of  having  a  larger  fnnnel  are  similar  to 

those  used  for  tallow  caadlea  ;  a  new  form  of  mould  recently  in  use  has  one  fnnnelfor 

tbirl?  candles  f6ge,  460  and  i&l).   In  the  npper  part  of  each  mould  ia  a  email  disk,  a  a' 

(flg.  448),  with  a  centre  hole  through  which  the  wick  ia  drawn  and  fastened  there  by 

being  tied  in  a  knot ;  at  the  bottom  the  wick  is  keptin  its  place  by  a  email  peg; 

mvtead  of  using  the  perforated  plate  at  the  t«p,  the  wick  is  sornetimoa 

But.  448.    fastened  to  a  small  holiifaitt.     In  order  to  obtain  well-madB  candles,  it 

■^       is  essential  that  the  wicks  should  be  held  accurately  in  tbe  axes  of  the 

^S)       moulds  while  thej  are  being  filled  with  the  melted  fat,  so  that  after  its 

^^       solidification  the  wicks  of  the  candles  are  in  the  centre  througbont  (be 

whole  length. 
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Fia.  4fi0. 


Fio.  461. 


Before  fixing  the  wicks,  it  is  neeesaary  to  steep  them  in  the  aolutiona  which  shall 
serve  the  object  of  causing  a  steady  combustion ;  and  of  llie  substances  prerionely 
mentioned  as  serring  this  purpose,  it  is  the  custom  to  ose  boric  acid. 

The  moulds  with  the  wicks  fastened  in  them  are  placed  in  a  cast-iroo  vessel  which 
can  be  so  arranged  as  to  be  heated  lo  100°  with  water  or  with  steam  from  the  outside. 
To  this  end  a  great  number  of  such  vessels  are  placed  air  tight  in  a  large  wooden  vat 
in  which  Bleam  can  play  round  Che  cast-iron  vessel  (e  c,  figs.  490  and  461).  The  fatty 
acids  are  run  in  as  soon  as  the  air  bath  is  at  45°.  The  tap  r  allows  the  air  to  escape, 
and  r'  the  condensation  watfr. 

Instead  of  uinng  steam  in  this  way,  the  moulds  may  be  heated  in  a  water  bath  or 
in  an  air  bath  heated  by  hot  pipes. 

After  being  cooled  the  pegs  are  taken  from  the  bottom  of  the  moulds,  and  the  wicks 
CDt  off  underneath  the  disk  a  n.  The  waste  cuttings,  etc,,  are  melted  with  tartaric 
add  either  in  a  silvei^plated  or  in  a  porcelain  vessel  and  utilised  at  the  next  moulding. 
Should  the  candles  adhere  to  the  moulds,  bat  water  must  be  applied  externally. 

The  very  short  thick  candlas  called  night  lights  are  made  by  ruiining  melted 
fat  into  metal  moulds,  or  into  paper  cases  of  the  requisite  size,  and,  after  the  fat  has 
■olidifled,  the  wicks,  previously  soaked  in  wax,  are  passed  through  the  centre. 

Moulding  machines  are  now  generally  in  use  in  stearin  canille  factories.  One 
of  this  kind,  [he  machine  of  Cshuuet  and  Morgane,  is  shown  in  fig.  452.  a  A  is  the 
mould  frame  for  200  candles,  having  one  filling  fonufil  for  every  20  moulds.  The 
separate  moulds  are  fixed  between  the  plates  a  a  and  h  b.  At  the  bottom  of  the 
machine  are  rools  for  unwinding  aicke,  which  are  fastened  above  the  plate  o  a  by 
means  of  two  rails  pre«ecd  together,  and  capable  of  being  drawn  apwards  by  the 
lever  arrangement  h  k  od  the  stHtid  K,  which  can  be  set  in  operation  by  the  rai^  and 
pinion  t.  In  the  filling  operation,  the  wicks  are  held  and  stretched  above  the  moulds 
by  the  iron  rails.    By  opening  ihe  cocks//,  steam  passes  from  the  main  pipe  e  into 
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the  monldi.  Th«  iteun  is  first  puwd  in  to  nrm  ihe  moulds,  than,  tittt  tuning 
it  off.  [he  stearic  acid  is  run  into  tbo  moulda.  Oilil  air  ia  passed  thioiigh  from 
the  rentitator^  in  order  mots  qnicklj  to  coot  tlio  muul^U.    Afler  romplote  adidiflea- 


.   the   wicks  i 

e  necMsai; 

vicks  for  the  nest  catting  are  drawn  throngh.    There  only  tomaine  the  final  opeta- 
tion  of  catting  off  the  wicks  above  the  rails  and  the  tops  of  thu  candlsi. 

Of  the  msaj  other  mai^hiaea  for  this  purpose  it  will  inffice  here  to  nuntioo  the 
American  moolding  machine  of  Francis  Saaae.  The  essential  parts  are  dta  nine  as 
in  the  machine  prerioaaly  douribed,  except  that  the  finished  candle  ia  not  remorsd 
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from  the  mould  bj  the  wick,  bnt  is  pushed  out  by  a  peculiar  contrivance,  worked 
from  below,  consisting  of  a  short  metal  barrel  that  also  serves  to  conduct  the  wick 
from  the  reel  to  the  mould,  and  having  on  the  upper  end  a  tin  cone  which  exactly 
fits  the  mould  and  forms  the  bottom.  After  the  solidification  of  the  stearic  acid  the 
metal  pipe  is  pushed  upwards  by  a  mechanical  movement  carrying  with  it  the  moulded 
candle  now  ready  for  removaL  With  the  machine  of  Cakouet  and  Morgane,  two 
persons  are  required,  and  can  turn  out  600  candles  per  hour,  whilst  one  man  can 
work  four  machines  of  Saase*s  and  mould  1,200  candles  per  hour. 

The  candles  are  sometimes  bleached  by  exposure  to  air  and  light,  but  this  is  an 
operation  not  always  carried  out. 

Fig.  453  represents  a  machine  for  cutting  and  polishing.  The  candles  having 
been  placed  in  parallel  layers  in  the  box  a,  fall  one  after  another  into  the  gutter  of 
the  cylinder  b,  immediately  under  the  circular  saw  c,  which  cuts  off  the  ends :  they 
then  fall  upon  the  woollen  cloth  dra^Ti  over  the  rollers  o  o  o  o  and  H  h.  The  three 
large  (flinders  d  d'  d"',  also  covered  with  woollen  cloths,  revolve  in  an  opposite  direction 
to  o,  at  the  same  time  moving  quickly  backwards  and  forwards  in  the  direction  of 
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their  longitudinal  axes.  In  this  way  the  candles  passing  between  two  friction  cloths 
and  being  rubbed  lengthways  by  the  roller  o,  now  fall  quite  polished  and  ready  for 
packing  into  the  box  i. 

The  Various  Kinds  of  Candles.  Coloured  Candles. — The  dyeing  material  is  placed 
in  the  melted  fatty  body  before  the  moulding  process.  According  to  Vohl,  the  follow- 
ing compounds  are  the  pigments  used.  For  red,  cinnabar,  minium,  dragon's  blood, 
and  alkanet  root ;  for  rose  colour,  madder  lake  and  madder ;  for  yellow,  chromate  of 
lead,  sulphide  of  arsenic,  chromate  of  zinc  and  turmeric ;  for  green,  Schweinfurt 
green,  stearato  of  copper,  verdigris,  and  a  mixture  of  Berlin  blue  and  chrome  yellow  ; 
for  blue,  ultramarine.  Amongst  those  named  are  some  poisonous  compounds,  such 
as  cinnabar,  sulphide  of  arsenic,  Schweinfurt  green,  and  the  use  of  them  should  be 

avoided. 

The  names  *  Star,*  *  Milly '  and  *  Apollo,'  applied  to  stearin  candles,  have  been 
derived  from  the  Barri&re  d'£toile,  Paris,  where  De  Milly  started  the  first  stearin 
candle  works,  and  from  the  'Apollo  Company,'  Vienna. 

Palm  candles  are  made  of  the  fat  acids  prepared  from  palm  oil. 
The  English  composite  candle  is  made  from  a  mixture  of  stearic  add  and  cocoa- 
nut  stearin ;  it  has  the  lowest  melting  point  of  any  kind  of  stearin  candle. 

PkUed  Tallow  Candles. — These  are  not  moulded  but  dipped,  as  in  the  ordinary 
dipping  process,  successively  in  three  mixtures  wherein  the  proportion  of  tallow  de- 
creases as  the  stearic  acid  increases,  by  which  means  a  core  of  easily  melting  material 
is  coated  by  a  less  fusible  substance.     Composition  of  the  three  mixtures : — 

13  8 

Stearic  acid 50  70  90 

Tallow  . 44  24  6 

Dammara  resin 1  1  — 

White  resin 2  —  — 

White  wax —  2  2 

Camphor 3  8  8 
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Another  method  consists  in  filling  moulds  with  stearic  acid  and  allowing  it  to 
remain  there  sufficiently  long  to  form  a  hard  coating  ;  then  the  nnsolidified  portion 
is  turned  out  and  its  place  filled  with  melted  tallow. 

IVeatment  of  the  UndiatiUed  Residues. — The  brown  tarry  retort  residues  obtained 
in  the  distillation  after  the  sulphuric  acid  treatment  can  be  used  for  the  manufaetuie 
of  illuminating  eas ;  for  this  purpose,  according  to  Payen,  it  is  mixed  with  sawdust 
impregnated  with  the  residue  from  the  purification  of  rape  oil.  The  residue  without 
doubt  could  be  used  in  the  manufacture  of  common  soap  or  as  a  japan  for  leather. 
If  the  dried  residue  be  mixed  with  sawdust,  and  then  extracted  with  carbon  bisul- 
phide, an  appreciable  quantity  of  fatty  acids  is  obtained  after  distilling  off  the 
carbon  bisulpnide  at  48''  or  60^ ;  the  fatty  acids  can  be  then  easily  distilled  by  super- 
heated steam. 

The  liquid  oil  obtained  by  cold  pressure  from  crude  fatty  acids  consists  essentially 
of  oleic  add,  and  can  be  used,  partly  as  burning  oil,  partly  for  soap  making.  It  is 
worthy  of  remark  that  for  these  purposes  the  oil  obtained  by  the  lime  process  is 
preferable  to  that  which  is  prepared  by  the  decomposition  of  the  fatty  \x)dy  with 
sulphuric  acid. 

Estimation  of  Paraffin  in  Stearin  Candles. — As  it  is  now  the  custom  to  a  reiy 
large  extent  to  mix  paraffin  with  stearic  acid,  it  is  imjportant  to  have  the  means  of 
qualitatively  and  quantitatively  estimating  both.  K.  Wagner  has  a  qualitative 
method,  in  which  the  mixed  bodies  are  dissolved  in  alcohol,  heated  to  boiling,  and 
mixed  with  an  alcoholic  solution  of  neutral  acetate  of  lead.  The  presence  of  stearic 
acid  is  indicated  by  a  fiocculent  precipitate,  whilst  pure  paraffin  gives  no  precipitate. 
Unfortunately,  as  a  practical  method,  this  is  of  but  little  use,  as  it  is  much  more 
requisite  to  detect  the  presence  of  paraffin  in  stearin  than  of  stearin  in  paraffin. 

Hock  gives  the  following  method  (Wagner's  Jahresber.  1871,  p.  BbSJ  for  the 
qualitative  and  quantitative  determination  of  paraffin  in  stearin.  5  grams  of  the 
mixture  are  saponified  by  potash  ley  of  tolerable  strength ;  the  soap  and  the  paraffin 
are  precipitated  by  a  concentrated  solution  of  common  salt,  filtered,  and  the  residue 
washed  with  cold  water  or  with  very  dilute  aloohoL  The  common  salt  and  the  soao 
are  in  solution  whilst  the  paraffin  remains  behind  on  the  filter.  It  is  dried  at  8(r 
to  40^,  and  then  dissolved  in  ether,  filtered,  and  the  ether  evaporated  in  a  poioelain 
capsule.  The  weight  of  the  residue  expresses  the  quantity  of  paraffin  in  5  grams 
of  the  substance ;  the  amount  of  stearic  acid  is  obtained  by  difference. 

Wax  Candles. — The  kinds  of  wax  occurring  in  commerce  are  of  various  origin  and 
diffiar  in  their  composition  as  well  as  in  their  physical  and  chemical  properties.  The 
most  important  are  the  following : — 

Bees'  Wax. — This  is  formed  in  the  pUnt  from  which  it  is  collected  by  the  bees 

and  stored  in  the  honeycomb.    From  the  comb  the  wax  is  separated  by  a  simple 

melting  operation.     Native  wax,  especially  that  produced  by  young  bees,  is  of  a  light 

yellow  colour,  but  the  foreign  sort  is  of  a  darker  hue.     It  is  brittle  and  granular ;  it 

begins  to  soften  at  30°  and  melts  at  62°  to  63°.    In  ether,  carbon  bisulphide,  beoiol, 

fatty  oils  and  in  fats  it  is  easily  soluble ;  alcohol  dissolves  only  a  part,  vix.,  cerotie 

C   H  O ) 
acid,    ^    ^Hl^'  formerly  called  cerin,  with  some  palmitic  acid  ;  the  insoluble  part 

C  H  O) 

consists  essentially  of  myricylic  palmitate,     V^  li    [0.     There  is  a  third  constituent 

.  ^«o"«i ) 
existing  to  a  small  extent,  but  of  a  composition  still  less  understood.    The  varying 

quantity  of  the  different  constituents  in  wax  of  course  affects  the  melting  point.    The 

best  European  bees'  wax  comes  from  Turkey  and  the  Danube  (Moldavia,  Wallachia. 

Hungaiy,  etc.)    North  Germany  produces  very  good  wax,  but  that  from  South  Ger- 

many,  Spain,  and  from  France  is  very  little  valued.    America,  Asia  Minor,  E^pt, 

Morocco,  and  Barbary  also  supply  very  good  wax. 

Chinese  Wax^  or,  Pe  La  wax,  is  collected  by  the  wax  insect  {Coccus  cer\ferus\  and 
deposited  upon  certain  trees  {Rhus  succedanea).  It  is  white  in  colour,  hard  and 
crystalline  in  fracture,  and  melts  at  82° ;  it  is  soluble  in  ether.    It  essentially  consists 

of  cerotylic  cerotate,     n  §    [  0* 

Japanese  Wax  (also  called  American)  occurs  in  round  disks  ;  it  is  whit«  and  brittle, 
soluble  in  boiling  alcohol,  and  melts  at  42°.  It  is  probably  a  glyceride  (glyoerilie 
palmitate  ?)  Another  kind  of  vegetable  wax  is  obtained  from  the  rind  of  the  froit 
kernels  of  various  trees,  called  by  the  Japanese  lacquer  trees.  Sometimes  the  rind 
is  removed  from  the  kernels  and  steamed  and  pressed  separately;  sometimes  the 
whole  kernel  is  so  treated.  The  wax  separates  as  a  bluish-green  mass,  which  if 
purified  by  boiling  it  with  alkali  and  then  pouring  it  into  cold  water,  when  the  wax 
separates  from  the  impurities  and  floats  on  the  top  of  the  water.    It  is  then  Ueaehsd 
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by  exposure  to  the  sun,  and  the  resulting  white  powder  is  melted  to  form  a  hom<y- 
geneoas  mass. 

Camaiiba  and  Oevha  Wax  both  come  from  Brazil.  The  first  forms  a  coating  on  the 
leaves  of  a  kind  of  palm  (Corppha  ceri/era).  In  consequence  of  its  high  melting  point 
(835^)  it  is  used  to  raise  the  fiisibility  of  a  low-melting  wax. 

Ocuba  wax  oocnrs  in  the  nut  of  a  shrub  growing  on  the  banks  of  the  Amazon  in 
the  province  of  Para  ;  it  is  green  in  colour  and  melts  at  36^  to  48®. 

Myrtle  Wax  is  extracted  by  boiling,  from  the  berry  of  Myrica  cerifera  occurring  in 
the  Southern  States  of  North  America.     Its  melting  point  is  46°. 

Palm  Wax  is  scraped  from  the  bark  of  a  palm  {Ceroxylon  andicola)  found  growing 
on  the  Cordilleras.    It  melts  at  83®  to  86®. 

Andaquies  Wax  somewhat  resembles  bees*  wax ;  it  is  produced  by  an  insect  met 
with  on  the  banks  of  the  rivers  Orinoco,  Amazon  and  Magdalene.  Its  melting  point 
is  about  77®,  and  it  therefore  offers  a  very  good  candle-making  material. 

Wax  Boning. — The  object  to  attain  is  the  separation  of  mechanical  impurities. 
For  this  purpose  the  wax  is  melted  in  hot  water,  to  which  is  added  ^  per  cent,  of  alum 
or  tartar,  and  occasionally  sulphuric  acid.  The  mixture  is  allowed  to  settle,  when  the 
impurities  fall  to  the  bottom  and  the  wax  floats  on  the  surface ;  after  cooling  it  may 
either  be  remelted  or  at  once  bleached. 

Wax  Bleaching, — The  primitive  method  of  sun -bleaching  is  still  in  use  by  prefer- 
ence over  any  artificial  process. 

In  order  that  a  large  surface  may  be  exposed  to  the  sun,  it  is  usual  to  roll  the 
wax  in  thin  sheets,  ana  for  this  purpose  the  melted  wax  is  poured  through  a  vessel 
having  fine  slits  in  the  bottom  on  to  a  moistened  roller  on  which  it  immediately  solidifies 
in  the  form  of  bands,  and  thence  falls  into  a  vessel  of  water  placed  underneath.  In 
this  form  the  wax  is  exposed  on  linen  sheets  to  the  sun,  and  once  daily  sprinkled  with 
water.  As  only  the  surfuce  exposed  to  the  sun  is  bleached,  it  is  necessary  to  re-melt 
the  wax,  and  go  once  or  twice  through  the  operation.  In  20  to  40  days,  according  to 
the  weather,  the  bleaching  is  completed.  The  wax  is  then  melted,  passed  through  a 
hair  sieve,  and  cast  into  the  required  form.  The  loss  in  refining  and  bleaching  by 
the  process  described  varies  from  2  to  10  per  cent. 

Many  ways  have  been  suggested  for  artificial  bleaching,  but  as  yet  they  have  not 
been  able  to  supersede  the  old  method.  Chlorine,  bleaching  powder,  etc.  cannot  be 
employed,  as  they  all  tend  to  the  decomposition  of  the  wax.  The  best  method,  how- 
ever, IS  by  means  of  hydrogen  peroxide,  which  is  developed  by  melting  the  wax  with 
oil  of  turpentine,  rolling  as  be^re,  and  then  exposing  to  the  air.  Other  processes, 
such  as  the  use  of  sulphuric  acid  and  bichromate  of  potash  or  permanganate  of  potash, 
give  but  unsatisfactory  results. 

Wax  Candlen  can  be  prepared  by  (1)  pouring  the  wax  on  the  wicks,  (2)  by 
drawing  the  wicks  through  the  wax,  (3)  by  moulding,  (4)  by  pressing  the  wax 
through  a  mould. 

The  Pouring-on  Process. — The  wicks  are  suspended  by  hooks  from  arevolving 
ring,  and  the  molted  wax  is  poured  on  by  a  ladle  from  the  top  and  allowed  to  solidify 
on  the  wicks.  To  ensure  the  uniform  thickness  of  the  candles  the  wicks  are  turned 
and  the  pouring  on  commenced  again,  until  the  candle  is  sufficiently  thick.  Fre- 
quently to  save  time  and  labour  the  wax  is  poured  on  at  one  operation,  but  great  skill 
is  necessary  to  do  this.  That  the  wicks  may  remain  free  at  the  '  burning-end,'  they 
are  fixed  in  small  tin-plate  caps.  The  still  warm  candle  is  now  rolled  until  smooth 
between  woollen  cloths  on  a  marble  slab  table  by  means  of  smooth  boards.  Having 
been  so  polished  they  are  then  bleached  by  exposure  to  air  and  light. 

The  drawingprocessis  used  for  the  most  part  for  wax  tapers  and  festival  candles, 
and  for  these  purposes  the  wax  is  almost  always  mixed  with  resin  and  turpentine, 
or  with  tallow.  The  wick  is  wound  from  a  roller  through  melted  wax  contained  in  s 
heated  copper  vessel,  thence  through  the  hole  of  a  horse-shoe-shaped  drawing-plate, 
containing  larger  holes,  on  to  another  cylinder  placed  on  the  opposite  side  to  the  first. 
From  the  drawing-plate  it  again  passes  through  the  wax  bath,  and  a  larger  hole  of  the 
horse-shoe  on  the  first  cylinder,  and  so  on  until  the  end  of  the  operation. 

The  moulding  of  wax  candles,  an  operation  similar  to  that  described  for  tallow 
and  stearine  candles  (p.  677)  is  accompanied  by  the  disadvantage  of  the  wax 
shrinking;  in  consequence,  hollow  places  are  liable  to  form  near  the  wick,  and  the  wax 
clings  to  the  mould.  This  can  be  prevented  to  some  extent  by  first  dipping  the 
wiclu  in  wax  and  also  by  using  glass  moulds. 

The  method  of  enwrapping  the  wick  with  bands  of  wax  is  still  generally  em- 
ployed for  the  manufacture  of  large  candles.  Soft  wax  is  made  in  long  strips  on 
which  the  wick  is  placed  lengthways  ;  the  wick,  having  been  covered  with  wax,  the 
mass  is  then  rolled  on  the  marble-topped  table  until  it  has  acquired  the  cyhndrioal 
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&IIIII.     AnothdT  method  is  to  take  the  cylinder  of  wu  and  to  nuke  &  hola  tlmaglt 

the  mEddle,  than  pua  the  wiek  through  and  fill  in  with  melted  wax. 

Wax  Candle  Pmtiag. — The  macliiDS  devised  bj  Biess  for  this  pnTpoea  is  afaovn  in 
flg.  404.  It  coiuiatA  of  a  jacketed  chamber  Ik),  with  a  bent  tabs  (t)  for  canTUu  the 
wicks  ;  L,  the  tnbe  for  pasiinft  steam  to  the  jai±Bt  (j)  of  the  press  cyliader  ;  ■  u  tha 
pipe  tai  efflux  of  fODdaiwaCioii  water ;  i  ia  the  mould.  The  kneaded  ni  is  poured 
from  the  side  into  the  press  chamber  a,  where  it  is  muds  hotbj  the  siirronDding  staam 
and  preued  by  meons  of  a  piston  through 
the  conical  end  of  Cbe  preaaing  chamber. 
SimultaneouslT  with  the  wax  the  wick  is 
drawn  through  t  into  the  mould  (j,),anl  en- 
veloped by  tbe  wax  from  t  by  a  concentric ; 
the  strongly  pressed  candle  roll  ia  then 
passed  over  a  roller,  through  cold  water,  to 
cool  it.  Other  sized  moathpieeea  can  be 
screwed  on  at  t  in  order  to  vaty  t^  mate 
of  candles.  This  apparatus  is  speciallj 
adapted  for  the  mannbctDre  of  wax 
tapen,  and  snrpasses  the  older  procaaa 
above  describeil,  bjtho  prodnction  of  four 

Wax  is  frequently  adnlterated  with 
cheap  materials,  as  roain,  paraffin,  talknr, 
stearic  add.  Japanese  wax,  etc  Fcr  ths 
deCectJon  of  paraffin.  Londolt  baa  joDpoaed 
a  plan  l»8ed  on  the  decomposition  of  wax  by  faming  Bolphuric  acid,  and  on  the 
panffln  being  unaltered  by  this  treatment ;  tbe  plan  it  only  a  qnalitative  lest  for  tbe 
deteclJon  of  alarge  quantity  of  paroffln. 

Donath  recammends  the  following  melhod  for  tbe  detection  of  impurities  in  wax. 
A  piece  of  the  wax,  about  the  size  of  a  nut,  is  boiled  for  five  minutes  with  n  concco- 
Inted  solution  of  carbonate  of  soda.  Thereupon  one  of  two  things  may  occor :  either 
(A}ati  emulsion  is  formed  remaining  when  cooled,  and  giving  evidence  of  the  presence 
of  rosia,  tallow,  stearic  acid,  or  Japanese  wax ;  or  (x)  tbe  wax  swims  compFetaly  as 
a  fatty  l»yer  on  the  nurface  of  thn  liquid,  which  is  only  somewhat  yellow  in  eofonr, 
showing  the  wax  to  be  pure  or  adulterated  only  with  pataffln. 

To  determine  the  point  {±)  the  suspected  wax  is  boiled  for  a  minute  or  so.  with 
moderately  etroug  potash  ley,  aflerworda  adding  common  salt.  If  a  complete  ttoc- 
culent  seporatian  of  snap  (a)  is  producod.  it  is  shown  that  all  the  sobstances  under  (i) 
excepting  Japanese  wni  may  bo  present;  (b)  a  fine  granular  magma  shows  the  pre- 
sence of  Japantee  wax.  (b)  the  detection  of  paraffin  is  It^t  determined  according  to 
K.  Wagner,  by  taking  the  Bpooific  gravity  of  tfie  wax.  If  it  Ikj  bo  low  as  0-96,  it  con 
be  asaamMl,  in  onjunction  with  the  evidence  given  by  the  car)>uDate  of  soda  trratmeot, 
that  pnniffin  is  present,  and  in  such  a  case  an  estimate  of  the  quantity  of  paraffin  can 
be  formed.  On  this  principle  R,  Wagner  has  tabulated  results  of  such  admixlurca 
dsdoced  from  tbe  specific  gravity. 

^WTOMwtt  Candlti. — Spermaceti  occurs  in  the  bone  cavities  in  the  bead  of  the 
whale,  under  its  skin  from  tbe  head  to  the  tail,  and  in  tbe  flesh  and  blabber.  It 
remains  dissolved  in  the  oil  by  the  natural  heat  of  the  whole,  but  separatee  oiit  when 
life  is  extinct.  The  crude  solid  spormaceti  is  purifiod  by  pressing  away  the  oil  and 
treating  the  residue  with  eoln  or  potash  ley,  which  saponifies  an;  remaining  oil.  ix 
is  then  washed  with  water,  aud  the  now  purified  B]»riaaceti  solidifies  on  cooling; 
About  five  Ions  of  oil  are  obtained  from  one  whale,  and  this  jielda  30  to  10  ewt.  c^ 
BoUd  spermaceti. 

Par«  spermaceti  is  white  and  ciyatalliseB  in  lamime,  having  a  motlMir..<^-pMri  ap- 
p<ai«nce  with  a  fattj  feel.  It  melts  at  48°  and  distils  almost  unchanged  at  SSo'; 
It  is  soluble  in  slcokd.  In  its  chemical  composition  it  is  cetylic  palmitate,  having 
ths  formola  {'^J  [  ^i  Ixit  it  also  contains  a  small  quantity  of  anathar  &t  add 
eUier,  with  more  carbon  atoma, 

Monl/tmg  Sptrmaaii  CanMii. — The  operation  ia  somswhat  similar  to  that  followed 
with  st«arinB  candles,  except  in  this  case  it  is  necessary  Co  afterward*  run  in  spermaceti 
in  the  cavities  round  tlie  wick,  in  consequence  of  the  great  contraction  of  spem"'' 
The  caodlea  are  taksn  &om  the  moulds  and  polished  by  hand  friction, 
'x  about  S  per  cant,  of  wax  or  staaric  acid  i '  ' 
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destroy  its  crystalline  texture.  Spermaceti  candles  are  very  dear,  bnt  surpass  all  others 
by  their  alabaster  appearance.  They  are  used  in  large  quantities,  especially  in 
KngUnfl,  by  the  wealthy  classes. 

Paraffin  Candles. — The  material  known  in  commerce  by  the  name  of  paraffin, 
and  used  for  making  candles  on  account  of  its  similarity  to  wax  and  spermaceti  in 
physical  characters,  consists  of  carbon  and  hydrogen  combined  in  nearly  the  same  pro- 
portions as  in  olefiant  gas ;  but  it  is  probably  a  mixture  of  several  distinct  hydrocar- 
bons belonging  to  the  marsh  gas  series,  differing  from  the  liquid  and  gaseous  members 
of  that  series  only  in  state  of  aggregation,  and  in  the  number  of  atomic  proportions  of 
carbon  and  hydrogen  in  the  molecules,  after  the  manner  of  homologous  substances  gener- 
ally. The  term '  paraffin '  is  therefore  now  employed  by  chemists  as  a  generic  designation 
of  all  the  substances  belonging  to  the  marsh  gas  series,  and  it  is  only  in  regard  to  the 
technical  application  of  those  which  are  solid  within  the  ordinary  range  of  temperature, 
as  candle  material,  that  the  name  has  a  limited  significance ;  in  Uie  same  manner, 
since  some  of  the  liquid  paraffins  are  used  for  burning  in  lamps,  or  for  lubricating 
machinery,  etc,  they  are  also  called  paraffin  oil. 

Solid  paraffins  occur  naturally  as  the  minerals  ozokerite  or  earth  wax,  and 
associated  with  liquid  paraffins,  as  constituents  of  the  various  kinds  of  petroleum, 
and  probably  also  as  constituents  of  the  volatile  oils  obtained  from  some  plants. 
These  substances  also  exist  among  the  products  obtained  by  the  action  of  heat  upon 
substances  of  organic  origin,  such  as  wood,  and  consequently  they  are  present  together 
with  liquid  parc^&ns,  etc.,  in  the  tar  resulting  from  the  destructive  distillation  of 
peat,  coal,  bituminous  shale,  etc.  The  crude  solid  paraffin  obtained  from  any  of  these 
sources  often  varies  considerably  in  hardness  and  fiisibility ;  and  for  making  candles  it 
requires  to  have  the  softer  and  more  fusible  portions  separated.  Its  preparation  forms 
a  part  of  the  hydrocarbon  oil  manu&cture  described  below. 

Candle  paraffin  is  a  colourless  or  bluish-white  translucent  substance,  destitute  of 
smell  or  taste;  when  warmed  it  softens  and  then  melts,  at  temperatures  ranging  from 
30°  to  60°  according  to  the  source  from  which  it  has  been  obtained  and  the  extent  to 
which  the  more  fusible  portions  have  been  separated.  The  specific  gravity  varies  from 
*870  to  *912.  Paraffin  is  insoluble  in  water,  and  but  sparingly  soluble  in  cold 
idcohol,  but  it  is  copiously  soluble  in  ether,  turpentine,  carbon  disulphide,  and  hot 
alcohol.  At  ordinary  temperatures  it  is  not  acted  upon  by  concentrated  acids  or  alka- 
lies ;  it  boils  at  a  temperature  above  300°,  and  is  partially  decomposed  when  distilled. 

Htdbocabbox  Oils  ;  Paraffin,  etc. — ^Materials  of  this  kind,  obtained  either  by 
the  rectification  of  natural  petroleum,  or  by  the  destructive  distillation  of  wood,  peat,  or 
bituminous  minerals,  are  now  largely  used  as  substitutes  for  candles,  and  for  the  differ- 
ent kinds  of  tut  oils  which  were  formerly  the  only  source  of  artificial  light. 

The  first  impulse  was  given  to  this  industry  by  Reichenbach,  who,  in  1830,  pre- 
pared from  beechwood  tar  both  solid  paraffin  and  an  oil  that  could  be  burnt  in 
suitably  constructed  lamps.  But,  owing  to  the  small  amounts  in  which  these  products 
were  obtainable  from  tar  or  from  the  bituminous  minerals  then  known,  the  various 
attempts  made  to  bring  them  into  practical  application  proved  unsuccessful,  until 
materials  capable  of  yielding  a  larger  amount  of  oily  products  were  discovered. 
Among  these  the  principal  were  a  remarkable  bituminous  mineral,  occurring  in  the 
coal  measures  at  Boghead,  in  Scotland,  and  the  tertiary  coal  or  lignite  occurring  in 
several  parts  of  Germany. 

Not  long  after  the  industrial  production  of  these  hydrocarbon  oils,  ete.,  from  bitumi- 
nous minerals  had  become  established,  a  further  source  of  supply  was  famished  by 
the  discovery  of  the  vast  deposits  of  petroleum  in  America,  ana  at  the  present  time, 
the  liquid  hydrocarbons  analogous  to  paraffin,  and  associated  with  it  in  petroleum,  as 
well  as  in  the  products  of  distillation,  are  very  largely  used  for  burning  m  lamps. 

Petroleum  or  mineral  oil  occurs  in  many  parts  of  the  earth  as  a  dark-coloured  in- 
flammable liquid,  possessing  a  bituminous  smell  and  various  degrees  of  density,  from 
0*7  to  1*1.  Some  kinds  that  are  thin  and  but  slightly  coloured,  are  known  by  the  name 
of  n  aphtha,  while  other  kinds  that  are  viscid  and  almost  black  are  termed  mineral 
tar.  These  different  kmds  of  mineral  oil  occur  chiefly  in  North  America,  Persia,  the 
Oaucasus,  Georgia,  Burmah,  the  CarpAthians,  Italy,  some  parts  of  Germany,  and 
Switzerland,  as  well  as  in  Fnince  and  England  to  some  extent. 

The  petroleum  of  Pennsylvania  is  a  dark  brownish-coloured  mobile  liquid  having  a 
spedflc  gravity  varying  from  *782  to  '820,  and  a  peculiar  greenish  fluorescence.  Some 
of  the  petroleum  occurring  in  America  has  a  greater  density ;  for  instance,  that  known 
as  Mecca  oil,  which  is  a  thick  viscid  liquid  having  a  specific  gravity  of  from  *860  to 
'910,  and  some  of  the  Califomian  petroleum  has  a  specific  gravity  of  '927.  The 
petroleum  of  Canada  has  a  very  offensive  odour,  owing  to  the  presence  of  sulphuretted 
compounds  which  render  its  purification  difficult. 

In  America  petroleum  is  obtained  by  boring  deep  wells,  constructed  in  the  same 
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naiuMr  mm  •rtenan  v«lli,  nntal  a  deposit  of  petroleom  is  tapped,  and  then  tt  mther 
nMm  to  the  gurlaet  and  ikrvs  oat  in  intermittent  gushes,  connitcting  what  is  termed 
a  Hoving  w^ll,  or  the  peCnienm  has  to  be  raised  to  the  surface  bj  means  of  a  pomp. 
Hie  qnantitj  obtained  from  these  wells  is  sometimes  rery  large.  One  of  the  great 
flowing  wells  at  Enniakillen  yielded  as  mndi  as  600.000  gallons  when  first  <^ned, 
hot  it  was  soon  ezhansted,  and  the  greater  number  of  weUs  yield  only  from  400  to 
800  gallons  daily,  though  some  few  hare  yiel-Ied  as  much  as  4000  gallons  a  day. 

In  WalUchia  perroleom  is  obtained  from  strata  abon:  thirty  feet  below  thesnr&ee, 
and  the  wells  are  made  by  dnking  square  shafts  lined  with  timber  like  rode  water 
wells,  and  fitted  with  a  windlass  abore,  by  means  of  which  the  petroleum  gradually 
ooadng  into  the  well  from  the  adjoining  strata  is  &om  time  to  time  taken  out  by 
buckets  attached  to  a  rope  wound  upon  the  windlass.  Petroleum  is  also  obtained  in 
this  way  in  MoldaTia  and  Galicia  along  the  entire  range  of  the  Carpathians.  Thst 
best  suited  for  refining  has  a  specific  grarity  of  about  803,  but  some  kinds  are  thick 
and  much  denser,  and  they  are  used  <&efiy  for  greasing  cart-wheels,  etc 

Qiemically,  the  materials  known  as  naphtha,  petroleum,  etc.,  aro  all  rexy  closely 
allied,  inasmuch  as  they  consist  for  the  most  part  of  homologous  liquid  aiod  solid 
hydrocarbons,  differing  chiefiy  in  density  and  Tolatility.  The  petroleum  of  Amnica, 
as  well  as  that  of  the  Carpathians,  consists  chiefiy  of  sul'Stances  homologous  with 
marsh  gas,  and  those  which  hare  been  isolated  present  the  following  characters : — 


Formula           .  Spedllo  grsTity 

Boiling  point 

Vapour  density 

Aothoritj 

BlarshgasCH. 

^ 

C,H.         gas 
C,H, 

eons. 

_^ 

• 

Ronalds. 

C,H,.          0 

600 

00-4° 

2110- 

C»H„  1 

'628 

30° 

2-6381 

C«H„  1 

-669 

68° 

3050 

CtH|«    : 

699 

92°-94° 

3-616 

C,H,,  : 

•726 

116°-118° 

4009 

C»H^  ! 

741 

136°- 138° 

4-541 

Pelouze 

C|«Ha 

767 

160°- 162° 

5040 

. 

and 

C„iJ24  - 

•766 

180°-184° 

6468 

Cahours. 

CijHj, 

776 

196°-200° 

6-972 

^ijHj, 

792 

2160-218° 

6-669 

Ci|H,e 

236°-240° 

7-019 

Ci»H„ 

— 

256°-260° 

7-623J 

The  various  kinds  of  petroleum  also  contain  other  liquid  substances  of  higher 
boiling  point,  and  of  a  specific  gravity  sometimes  exceeding  -900.  They  likewise 
contain  id  most  instances  solid  hydrocarbons,  varying  in  amount  from  2  to  10  per 
cent,  and  upwards,  together  with  pitchy  and  resinous  substances. 

The  dark  coloured  oily  product  obtained  by  the  destmctive  distillation  of  wood, 
peat,  or  coal  and  other  bituminous  minerals  and  commonly  called  tar,  contains  sub- 
stances identical  with  those  existing  in  petroleum,  together  with  resinous  and  pitchy 
substances,  carbolic  acid,  creasote,  nitrogenous  bases,  etc.,  the  naturo  and  relative 
proportion  of  those  constituents  varying  with  the  kind  of  material  submitted  to 
distillation,  and  the  temperature  at  which  this  operation  is  carried  out.  The  amount 
of  tar  obtainable  by  destructive  distillation  depends  largely  upon  the  amount  ot 
hydrogen  in  the  material  operated  upon,  the  relative  proportion  it  bears  to  the  carbon, 
and  the  amount  of  oxygen  present.  The  laiger  the  proportion  of  hydrogen  to  carbon 
and  the  smaller  the  amount  of  oxygen,  the  greater  as  a  rule  is  the  yield  of  tar,  and 
distillation  at  a  moderate  heat  only  just  sufificient  for  decomposition  gives  a  laiger 
amotmt  of  tar  than  is  obtained  at  a  higher  temperature,  which  has  the  effect  of  de- 
composing the  oily  products  to  some  extent  and  converting  them  into  permanent  gas, 
while  at  the  same  time  furnishing  tar  of  a  very  different  character.  Thus  in  the 
manu&cture  of  illuminating  gas  by  distilling  coal  at  a  very  high  temperature  so  as  to 
obtain  the  largest  possible  amount  of  gas,  the  tar  obtained  is  of  a  totally  different 
nature  from  that  produced  at  a  lower  heat,  and  at  the  same  time  a  very  much 
smaller  amount  is  obtained. 

In  the  manufacture  of  hydrocarbon  oils,  etc.,  from  petroleum,  this  material  is  at 
once  submitted  to  distillation  for  the  purposp  of  separating  the  most  volatile  and  the 
least  volatile  portions  of  the  petroleum  from  that  portion  of  the  oil  which  is  suitable 
for  burning  in  lamps;  but  in  manufacturing  these  products  from  Oituminoos minerals 
it  is  first  necessary  to  submit  the  material  to  destructive  distillation  and  then  to 
oner.ite  upon  the  oily  tar  thuA  obtained. 
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It  is  of  coTine  essential  that  the  materials  employed  for  producing  the  tar  or  crude 
oil  should  he  capable  of  yielding  it  in  sufficient  amount.  The  most  productive  minerals 
are  can nel  coal,  and  some  kinds  of  bituminous  shale  and  lignite.  Pi-at  has 
also  been  used  for  the  purpose,  but  generally  speaking  it  yields  too  little  to  l>e  worth 
working.  The  tar  obtained  by  distilling  wood  is  not  suitable  for  the  manufacture  of 
hydrocarbon  oils,  etc.,  for  though  it  contains  these  substances  together  with  solid 
paraffin,  they  are  associated  with  a  very  large  proportion  of  resinous  impurities  that 
are*difficult  to  separiite. 

Several  varieties  of  Scotch  cannel  coal  yield  a  fair  amount  of  crude  oil  by  distilla- 
tion, but  it  is  chiefly  in  North  Wales  that  cannel  coal  has  been  used  for  this  purpose. 
That  occurring  in  Flintshire  is  of  three  kinds :  the  curly  cannel,  which  yields  about 
30  per  cent,  of  crude  oil,  having  a  specific  gravity  ranging  from  '875  to  '800,  smooth 
cannel,  and  bastard  cannel,  which  is  more  of  the  nature  of  shale.  The  second  yields 
alx)ut  16  per  cent,  of  crude  oil,  of  a  specific  gravity  from  '926  to  '940.  and  the  thinl, 
which  is  now  most  used  for  distillation,  yields  from  12  to  15  per  cent,  of  crude  oil, 
having  a  specific  gravity  of  about  '000  In  Scotland  extensive  be<ls  of  bituminous 
shale  occur,  associated  with  coal,  and  this  mineral  is  largely  used  for  the  production 
of  crude  oiL  The  Boghead  coal  or  Torbanehill  mineral  formerly  used  for  this  purpose 
is  now  worked  out. 

These  minerals  appear  to  differ  from  coal  chiefly  in  regard  to  the  proportion  of 
earthy  material  according  to  which  the  applicability  of  bituminous  minerals  as  fuel  is 
mainly  determined. 

Lignite  or  brown  coal  ofton  yields  a  considerable  amount  of  tar  or  crude  oil  by 
distillHtion,  especially  those  kinds  in  which  the  ligneous  tissues  of  the  plants  they 
originated  from  have  been  very  considerably  altered.  On  the  contrary,  those  kinds 
of  lignite  which  have  undergone  but  little  alteration  yield  on  distillation  products 
analogous  to  those  obtained  from  wood. 

The  lignite,  or  brown  coal,  most  suitable  for  the  production  of  oil  tar  by  distilla- 
tion, occurs  in  Saxony,  and  l>eds  varying  from  half  a  fathom  to  four  fothoms  in  thick- 
ness extend  from  the  neighbourhood  of  Woissenfels  as  far  as  2jatz.  Inferior  varieties 
of  the  same  mineral  are  obtained  also  in  some  other  localities. 

As  regards  the  chemical  composition  of  this  mineral,  it  is  distinguished  by  the 
high  percentage  of  hydrogen  it  contains,  amounting  sometimes  to  1 1  per  cent.,  while 
ordinary  brown  coal  does  not  cont^iin  above  6  per  cent.  The  flnest  kind,  which  is 
termed  pyro  pis  site,  is  characterised  by  a  smeary  consist43nce  and  pale  vellow 
colour ;  in  the  fresh  state  it  contains  as  much  as  70  per  cent,  of  water,  ana  when 
dried  it  is  almost  white,  earthy,  and  of  light  density.  This  material  melts  at  150^  or 
200^  to  a  black  vesicular  mass ;  it  readily  takes  flre,  and  bums  with  a  white  smoky 
flame,  emitting  a  slightly  empyreumatic  odour  ;  on  distillation  it  yield.s  from  18  to  26 
per  cent,  of  an  almost  colourless  oil,  that  can  easily  l>e  worked  up  into  marketable 
products.  Generally,  the  material  submitted  to  distillation  for  producing  oil  is  less 
productive,  yielding  only  from  9  to  18  per  cent,  of  oily  tar,  which  contains  resinous 
substances,  carbolic  acid,  crcasote,  etc. 

Peat  has  been  used  in  several  places  as  a  material  for  the  production  of  hydro- 
ex  rl  on  oils  and  paraffin  by  destructive  distillation,  but  generally  the  amount  of  oil  tar 
obtainable  is  so  small  that  the  working  of  this  material  can  only  be  carried  on  under 
exceptionally  favourable  circumstiinces.  The  best  kinds  of  dense  peat,  which  approxi- 
mate in  composition  to  lignite,  will  yield  from  5  to  8  or  even  10  per  cent  of  tar  when 
carefully  distilled ;  but  those  kinds  which  are  light  and  spongy,  and  in  which  the 
woody  tissue  of  the  mosses  they  consist  of  has  undergone  but  little  alteration,  yield 
very  much  less  tar  by  distillation. 

0  z o  k  e  r  i  t  e  or  enrth  wax  occurs  in  various  places,  associated  with  coal,  but  geneniUy 
in  small  quantity.  In  Galicia  and  in  Moldavia  there  are  extensive  deposits  that  are 
worked  as  raw  material  for  the  manufacture  of  paraffin  and  hydrocarbon  oils.  The 
colour  and  other  external  characters  of  the  mineral  vary  somewhat,  but  it  is  generally 
brown  and  compact,  less  frequently  yellow  or  quite  black,  an  i  sometimes  it  has  a 
fibrous  or  laminated  texture.  The  melting  point  ranges  from  60^  to  80^.  Another 
kind  is  of  buttery  consistence,  and  has  a  greenish  brown  colour. 

Preparation  of  the  Tar  or  Crude  Oil.  --This  is  the  most  important  operation  in  the 
manufacture  of  mineral  oil  and  paraffin  from  coal,  shale,  peat,  or  similar  materials, 
and  though  the  process  of  destructive  distillation  appears  to  be  very  simple,  it  is  in 
reality  a  matter  of  some  considerable  difficulty  to  conduct  it  in  such  a  manner  as  to 
prevent  the  overheating  and  decomposition  of  the  oil  vapour.  A  great  number  of 
different  forms  of  apparatus  have  been  devise<l  for  this  purp<^)se. 

The  construction  and  arrangement  of  the  horizontal  retorts  are  represented  by 
figs.  455  and  456.  The  retorts  are  made  of  cast  iron,  they  are  about  8  or  10  feet 
long,  from  28  to  34  inches  wide,  and  from  9  to  14  inches  deep.    At  the  end  where 
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tha  ehargs  is  iotradiicad  aod  the  charred  refidne  remored  there  ia  ■  corer  (b  b,  tg, 
ttSi  flUed  Ml  w  t«  ba  cloaed  air-tigbt  while  the  diatilktion  ii  going  oil    At  tha 


Fia.  466. 
other  end  is  a  pipe  (c)  for  ctirjiog  off  the  produet  of  dinitlation  to  a  Uigar  pipe  ((Q 
eommsnicating  TJth  the  conduuer. 

A  namber  of  thena  ratort«  are  set  leather  is  a  row,  as  ehown  on  a  emallar  seal* 
in  flg.  tSS.  witji  a  foruace  («)  at  one  end,  and  flnea  (gofff  eitending  beneatli  the 
■atorta,  whila  the  tipper  parte  of  the  retorts  are  covered  with  biickwoik  {kki),  tr 


prevent  the  oil  Tepoor  from  being  decomposad  b;  the  heat  of  the  waste  Aunace  gu 
pHBaJDg  to  the  cbimna;^  throngh  the  dna  aboTe  the  retorbi. 


coaled  by  means  of  a  stream  of  water  rnoning  OTer  them,  so  ae'  to  condenae  the  oil 
which  then  ruii«  into  a  reserToic  while  tha  uneondeosed  gas  ia  discbat^  throngh  eo 
outlet  in  the  system  of  condpnaing  pipee.  In  some  works  thia  gaa  le  need  as  fnri, 
or  bnnit  for  prodncing  light. 

The  retorts  are  charged  throngh  tha  opening  (A  A),  and  the  material  to  be  dislillad 
is  ipreod  over  the  bottom  of  each  retort  in  a  Isjer  abont  two  inches  thick.  While  the 
ratorte  are  being  charged  cnre  must  be  taken  to  prarent  explosions  Irom  taking 
place,  in  conseqaeace  of  the  mixture  of  almoipheric  air  with  the  combostible  gas 
and  vapool  giren  off.  Steam  is  sometimes  driven  into  the  retorts  vbile  tha  diitiuv 
tion  is  going  on,  and  this  practice  has  the  advantage  of  drivine  the  oil  vaponr  more 
qnicklv  oat  of  the  retorte  into  the  condenser,  bat  it  is  donbtFul  if  the  expense 
attending  the  ose  of  Bl«am  is  not  out  of  proportion  t«  the  benefit  realised. 

The  vertical  retorts  are  formed  of  cast-iron  cflindere,  set  npright  in  brickwork,  l* 
shown  in  fig,  4S7.  The;  are  from  12  to  16  fbet  high,  and  from  3  to  S  feet  wide.  In 
some  cases  these  retorte  are  fitted  inaide  with  a  ajatem  of  rings  (a  aa),  arranged  in 
soch  a  manner  that  the  coal  or  other  material  to  be  distilled  is  made  to  fall  down 
between  the  edges  of  thaso  rings  nnd  the  inside  of  the  cylinder  forming  the  retort 
which  is  heated  hj  the  fines  (eeee)  eitendins  rennd  it  and  communicating  with  [he 
furnace  (i).  At  the  lower  end  of  the  cylinder  itia  connected  with  a  conical  fitting  (ts) 
into  which  the  exhausted  coal  fulls  down  from  the  lings  (a  a).  The  bottom  irf  this 
cona  is  connected  with  the  cylindrical  box  (d),  having  a  damper  both  at  the  top  and 
bottom,  eo  that  tlie  oihaaBted  coal  can  be  let  down  into  tJie  box  and,  aftar  dosing 
the  damper  at  a,  discliarged  &om  the  box  by  opening  tha  lower  damper.    Tb*  T^Kmr 


OIL  FROM  COAL,  SHALE, 


ETC. 
«.  (ro)  i 
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a^lMawleoitoTtsroIitnin(!df^i>mbiti]tninoi]iB!iiileorcaTinc1  coal  issdnrk-toloQred 
T^  liquid  of  dingreeoble  amokj  odour,  and  having  a  ipecific  graiily  nnging  hrtta 
*"  to  'MO ;  that  bMt  saitAd  for  refining  haa  a  graTity  of  nbont  SSO. 
^he  Ur  frooi  brown  coal  is  Tellovieh  brown,  turing  ths  coDaiatanec  of  bntt«r  at 
'  Vvdinaij  tsmpontore,  and  melting  at  from  86°  to  40°  into  a  brown  liqnid,  wfaieh 
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h'lirinir  '^il 28  to  35  p*?  «ii 

H»:>»w  7.11 10  to  15       .. 

Puriffi.ii  •  •  •         15  to  17        - 

The  tir  ■.•r*'iin»-'l  rV^m  f*r;it  is  almo**.  Hi-^k,  and  h:is  a  ruagest  d:*vzT£*ai .* s=rL . 
at  thf  oriiiiiiry  tcmi'-rratun-  it  is  soliti,  aui  has  a  buttcrv  ooiiiistciCc  o»iii  ^j  "ir 
large  amount  of  ^<'llili  p.irarfin  it  contains. 

The  character  of  the  tar  or  cniii*-  oil  froiucfi  V.y  destm^tiTe  di»t:lUdoi  dip^si* 
not  only  up«jn  th^j  rature  of  the  miiterial  from  which  it  i-s  cbr^iined.  tut  also  to  *".ii 
extent  up-^a  ti.e  »*  '-!•.;  i:;  which  :hfc  (i:stiil;rion  is  coniacted.  It  U  ther«fcr«  nectaarr 
to  a- '.apt  the  re.  •  t  ■  the  kin  I  of  rnatenil  to  It?  worke-i  accoriiag'.v.  Th*  as  — ' 
lurr-ishe-l  1  y  any  jrivt-:!  material  is  preatf-r  when  the  distiilarion  is  »?osd7^«ud  eliwi; 
at  a  low  tcmperarure  than  when  :h*»  ^ame  ina' trial  isexf^-srd  to  a  higher  ttcpear:?!. 
The  tar  :  :  ^L.*e<i  in  rcrti'.'al  cvl:nd«rrs  tV^m  which  thtr  air  is  exjlade<i  :"»  'uzi'k. 
cleanf-r.  a^  *  jren^rally  of  '  v'ter  quality  *;.  that  m^e  in  horiajLLil  petortf.  liiV^ 
a  larger  yield  is  obtained  wit!i  hurizonti..  .et'..'e,  and  the  amount  of  pmfin  ii  *^t 
tar  is  lar^rer. 

For  t:.'-;  i'Urj-»?*e  'f  prt»parincr  oil  suitiMe  fjr  Vumina:.  etc..  the  iLinirml  peanli^ 
or  thf  t;:r  '^r  orvie  oil  oVtaiii'.-i  l-y  distillati-^n  of  C'jal.  liamite,  shalr.  -.r  z'Zr- 
materials,  is  first  ,subni:tt»-d  to  dirtillatii^n,  which  has  the  effrot  o:*  sct^Jitii*:  * 
grv.i:  fXt*^n:  the  piteLyar.d  rt'sirj^u*  «ulj5taa''r9  that  Br:vet«.  the  m^tenjIsiE  their r:::: 
frt-ite  a  'i.irk  colour,  ti.ick  •■•orifcisjtence.  ar.ti  «.iffc:;s;ve  smd:. 


rt-iiiains  in  the  ^till.  which  itf  run  out  and  u«ed  for  makinjr  wa«zgon  gieai^.  I- ^* 
un-le-irar.'le  to  continue  the  «listil!ation  ur.:il  ti.t:  rcsMuv  in  the  still  b-ecom**  chir?-*- 
since  that  cause«  injury  to  th^-  still  bottom,  and  trouble  in  removinj  the  cokrfo»«J- 

The  rvlative  density  of  the  several  substances  present  in  petroleum  or  sliais  c-- 
etc.  jreritrally  l-ears  an  invi  rse  proportion  t«j  their  volatility,  thos^  oi  le«ff^  deis^ 
beir.j  the  nio<t  vulatile.  This  relation  varie*  s-^mewhiit  for  different  kind*  of  m*:*.'^ 
but  .-inco  in  all  cases  the  specific  gravity  of  each  suco- strive  p<-r:ion  of  the  cil  disiilia 
over  is  ur^ater  a*  the  operation  advacvres.  this  chanicter  affords  a  mean«  '.>f  aseau-i^ 
the  poinr^at  which  the  distillate  should  l>i>  coUec'.ed  apart  from  that  vhiohhu  iln*-.' 
pas^evi  over. 

The  oil  subJ6i?te<i  to  distillation  is  thus  separated  into  portions  differing  iniic^ 
o:  volatility,  der.sity,  etc.,  an-lon  this  account  the  op-erati-jn  is  termed  f  racti-.^nii  i:^ 
t illation.  The  most  volatile  conatitut-nts  pass  over  at  the  oommrr.cemcs*.  *3u 
since  their  pri="5er:ce  in  thu  burning  oil  would  render  it  1-jo  readily  infiammabU  •  •' 
burning  in  lamps  with  sAtVty.  this  p-^rtioa  -.f  thr  distillate  is  rejected  until  it  JW" 


produt  rexj: 

oil  distilling  over  after  this  p^^jint  ha-  1  een  fyts**--!  is  then  ma  into  another  'f^-^ 
ar.d  the  distillation  is  continue  i  until  the  jraiuallv  iccrejisine  densitv  of  tbr  X'jSx-^ 
has  again  reaohe<i  a  pxjint  which  iudicat'^s  that  all  the  oil  which  cm  be  ::»• '^ 
burning  in  lamps  has  pa^sed  over.  What  then  remains  in  the  still  is  in  ma:.^^^'^ 
drawn  off  into  tanks  and  distille 
tinue>i  until  the  s'jlidil 
for  coUfccting  the  remai 
ahow  signs  ol*  solidifying,  the  water  ii:  tl>^  ciDndenser  tank  is  allowe>l  to  l-ec-iK^^ 
or.  if  neeessanr.  it  is  heated  bv  a  iet  of  steam  suficiently  to  keep  the  di^tillAttrli^ 
and  prerect  the  stopping  up  of  the  worm,  which  might  give  rise  to  the  bontux" 
the  still. 

In  this  way  the  distilled  oil  is  usually  separated  into  four  portions,  viz.: 

1.  The  light  volatile  oil  or  spirit  known  by  the  name  of  benzoline,  etc. 

2.  Oil  suitable  for  burning  in  lamps. 

3.  Oil  having  a  specific  gravity  above  '850,  which  is  used  for  lubria3< 
machineiT.  etc. 

4.  Oil  c-jctainir^  a  considerable  admixture  of  solid  paraffin,  which  crystiHis**'** 
the  oil  is  cv.<iLed.  either  at  once  or  iifter  s«3me  tim^?. 

The  distillation  of  crude  peassleum  or  shal^-  oil  is  carried  out  in  large  vwsdfW* 
of  caat  iron  or  wrought  iron,  and  in  s-^me  cases  superheated  steam  is  forced  in**  * 
still  dnrinf  the  operation.  Ic  America  cylindrical  wronght-izon  stills  holdiif  l*^ 
gmllons  and  upwards  azv  nsed  for  disdlliug  petrolenm. 
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^  The  ntortiuHed  for  dietiUiog  sbale  tar  or  crude  oil  are  onen  MDittnict«d'  of  laifie 

itt-iron  flanged  pans  (a,  fig.  45S).  each  CHpnbte  of  holding  from  ii  to  3  tons  of  tim 

Quid  forming  the  iHxly  at  the  retort.     The  pan  is  eet  in  brickvork,  vith  floGB  (if) 

^ItiDning  muid  the  npper  portion,  and  bt-nuith  it  in  n  perforated  dome  of  brickwork 

,  thnmgh  which  the  flame  and  hotgns  from  the  fnroBCT  (o)  pou  np  n       

'  ■  ■   '  "  ■  -  -'--■-Ti  the 


(.   of  tile  pan  (i)  before  oatering  the 


Dpper  portion  of  the  pan 


is  haatad.  to  the  flange  of  the  pan  ib  fitted  a  flanged  cover,  bSTUiff  at  one  aidp  a 
diadum  pipe  (b)  Uirough  which  the  vapour  ie  pasaM  to  the  worm  {ddd)  of  the  con- 
dMlMT  ^B).    In  the  centre  of  tbe  cover  ib  it  manhole  (c). 

nM  oil  condeiued  in  the  worm  is  discharged  thron^h  th«  pipe  (la)  into  a  receiver 
(pit  tod  the  nnoondenaable  gaa  escapes  through  the  iiscendlnK  pipe  (k), 

TIm  ■OTeml  portionii  of  oi!  obtained  bv  dinlllinp'  dther  petroleum  ur  tbi?  oiljr  tor 
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furnished  by  coal,  bituminous  sh&le,  or  lignite,  etc,  are  generally  somewhat  oolourod, 
and  contain  impurities  which  require  to  be  separated.  Thus,  for  instance,  the  <»1 
derived  from  most  kinds  of  tar  made  by  destructive  distillation,  contains  carbolic  acid, 
creasote,  and  similar  substances,  for  uie  removal  of  which  the  oil  is  agitated  with  a 
strong  solution  of  caustic  soda.  The  products  from  petroleum  rarely  require  this 
treatment.  When  the  soda  solution  used  is  sufficiently  strong  the  compounds  of  soda 
with  creasote  and  carbolic  acid,  etc.,  separate  as  a  thick  black  layer  between  the  layer 
of  oil  and  the  excess  of  caustic  sixla  solution.  After  the  mixture  has  been  left  to 
settle,  the  oil  is  drawn  off,  washed  with  water  to  remove  adhering  alkali,  and  then 
mixed  with  strong  sulphuric  acid  in  the  proportion  of  from  two  to  four  per  cent. 
This  operation  is  carried  out  in  large  cylindrical  vessels  furnished  with  paadles,  by 
means  of  which  the  add  can  be  thoroughly  mixed  with  the  oil.  By  the  action  of  the 
sulphuric  acid  the  oil  acquires  a  dark  brown  colour  and  a  considerable  quantity  of 
sulphurous  olide  is  given  off.  When  the  mixture  is  left  to  settle,  a  thick  tarry  liquid 
of  a  very  dark  brown  colour  is  deposited,  and  the  oil,  after  being  drawn  off  from  this 
deposit  of  a  c  i  d  t  a  r,  is  well  washed  with  water,  or  if  necessary  with  lime  water  or  caustic 
alkali.  With  some  kinds  of  oil  it  is  necessair  to  repeat  these  operations  alternately 
several  times,  and  sometimes  the  oil  is  distilled  afterwards.  By  each  treatment  of 
the  oil,  its  colour  and  smell  are  gradually  removed  and,  if  desirable,  it  may  be  ren- 
dered quite  colourless  and  almost  free  from  smell.  When  the  oil  intended  for  burning 
in  lamps  is  distilled -a  second  time,  a  further  quantity  of  solid  paraffin  is  frequently  ob- 
tained by  collecting  the  last  portions  of  distillate  and  leavingthem  in  tanks  to  crystallise. 

The  more  volatile  portion  of  the  distillate  from  the  crude  oil  is  treated  in  a  similar 
manner  with  sulphuric  acid  and  alkali,  and,  if  requisite,  it  is  rectified  by  distillation. 
It  is  used  for  burning  in  sponge  lamps,  as  a  substitute  for  turpentine  and,  when  highly 
purified,  for  removing  grease  spots  from  dothee,  etc 

The  denser  portion  of  the  distillate  which  oomes  oyer  after  the  burning  oil  is 
seldom  sufficiently  thick  for  use  as  a  lubricant  for  machinery,  and  it  is  therefore  re- 
distilled and  fractionated,  the  first  runnings  being  added  to  the  bulk  of  the  burning 
oil  before  it  is  treated  with  chemicals,  and  the  intermediate  portion  set  apart  as 
lubricating  oil,  while  the  last  portion,  containing  most  of  the  paraffin  dissolyea  in  the 
oil  operated  upon,  is  kept  in  a  cold  place  until  t£e  paraffin  crystallises  in  scales,  or  it 
is  mixed  with  the  fourth  portion  of  the  distillate  from  the  crude  oil  after  that  has  been 
treated  with  add. 

To  extract  the  parafiSs  from  this  mixture  of  heavy  oil  and  paraffin  crystals,  filter 
hags  arc  employed  in  some  factories ;  in  others  centrifugal  machines  are  used.  The 
scale  paraffin  thus  separated  from  the  greater  part  of  the  adhering  oil  is  then  wrapped 
in  horsehair  cloths  and  pressed,  if  necessary  with  the  aid  of  heat  The  pressed  mass 
is  then  mixed  with  a  quantity  of  the  most  yolatile  oil  or  spirit  and  again  pressed,  this 
treatment  being  repeated  several  times  until  the  paraffin  is  sufficiently  free  from 
colour  and  smell,  and  has  the  requisite  melting  point. 

The  refined  oil  used  for  burning  in  lamps  varies  somewhat  in  colour,  smell,  spedfie 
gravity,  and  other  physical  characters,  according  to  the  source  from  which  it  has 
been  derived,  as  well  as  the  care  with  which  it  has  been  prepared,  and  it  is  known 
under  a  great  variety  of  designations,  such  as  photogen,  solar  oil,  kerosene, 
paraffin  oil,  besides  other  more  fancifid  names,  indicative  of  a  particular  make 
rather  than  of  any  essential  peculiarity  in  the  oil. 

The  applicability  of  these  products  for  burning  in  lamps  is  dependent  upon  the 
temperatures  at  which  they  take  fire  or  give  off  inflammable  vapour.  The  tempera- 
ture at  which  the  vapour  given  off  by  a  sample  of  oil  takes  fire  by  contact  with  a 
flame,  or  the  flashing  point  of  the  oil,  lies  a  few  degrees  lower  than  that  at  which 
the  oil  itself  takes  fire  and  continues  to  burn.  In  an  oil  of  good  quality  the  flashing 
point  should  be  above  any  temperature  which  the  oil  will  attain  during  use.  Acoord- 
mg  to  Chandler,  petroleum,  during  ita  consumption  in  glass  lamps  with  a  surrounding 
temperature  of  28**-29°,  becomes  heated  after  some  hours  to  30°  or  33° ;  and  with  a 
surrounding  temperature  of  32°  or  33J°  it  becomes  heated  to  33^°  or  36}°.  In  lamps 
with  metal  vessels  the  oil  becomes  heated  to  54°  ;  therefore  such  lamps  are  not  to  be 
recommended.  According  to  the  standard  adopted  in  Great  Britain  and  the  United 
States,  the  flashing  point  of  oil  of  good  quality  should  be  above  37^*6.  Most  of  the 
burning  oil  made  from  petroleum  complies  with  this  requirement,  but  when  it  is 
mixed  with  oil  boiling  at  a  lower  temperature  it  will  flash  at  a  much  lower  tempera- 
ture, as  is  the  case  with  inferior  kinds  of  oil  met  with  in  commerce  containing  an 
admixture  of  naphtha.  An  oil  flashing  at  46°  would,  according  to  Chandler,  by  the 
addition  of  1  per  cent,  of  naphtha,  have  its  flashing  point  lowered  to  89^ ;  t^  5  per 
cen^  of  naphtha  it  would  be  lowered  to  28°,  and  by  20  per  cent,  to  4°. 

Van  der  Weyde  gives  the  following  methods  of  testing  oil  for  the  amount  of  hydro- 
carboDi  having  a  low  boiling  point  contained  in  it.    A  graduated  glasa  tube  ckwed  at 
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One  end  is  filled  with  the  oil  to  be  tested,  the  open  end  is  dosed  with  the  fingpr  and 
the  tube  is  placed  mouth  downwards  in  a  vessel  of  water  that  is  heated  to  48-44**. 
The  vapour  from  the  portion  volatilised  at  this  temperature  then  collects  in  the  upper- 
part  of  the  tube  and  expels  a  corresponding  quantity  of  oil. 

In  this  country  petroleum  is  defined  by  Act  of  Parliament  as  being  any  oil  which 
gives  off  an  inflammable  vapour  at  a  temperature  of  less  than  37^*6 ;  the  method, 
however,  at  present  in  use  for  determining  this  point  is  very  imperfect  and  gives 
results  that  cannot  be  depended  upon. 

The  oil  prepared  from  petroleum  is  almost  colourless,  but  has  a  slight  bluish 
fluorescence ;  it  has  a  speciflc  gravity  of  about  *810,  and  when  of  good  quality  only  a 
slight  and  rather  aromatic  odour.  It  is  now  entirely  manufactured  in  America,  and  is 
exported  thence  in  very  large  quantities. 

The  oil  obtained  from  bituminous  shale  or  from  coal  is  generally  of  higher  specific 
gravity ;  it  has  more  colour  and  a  less  agreeable  smoll. 

The  oil  obtained  from  brown  coal  tar,  and  known  by  the  name  of  solar  oil,  is 
almost  colourless,  with  a  slight  yellowish  green  or  blue  fluorescence ;  its  speciflc  gravity 
is  from  *826  to  '835 ;  the  lighter  and  more  volatile  portion  of  the  oil  obtained  from 
this  source,  and  called  photogen,  has  a  specific  gravity  of  *810  or  '826.  The  tem- 
perature at  which  either  of  these  kinds  of  oil  take  fire  varies  in  proportion  to  the 
specific  gravity  as  follows : — 

Specific  gravity.  Tempcratare. 

Photogen  800  33° 

805  37° 

808  45° 

Solar  oil  824  60° 

827  68° 

830  76° 


»» 


835  77° 


846  92° 

iLLrMiNATiiro  G-A8. — The  issue  of  columns  of  infiammable  vapour  frx)m  the  soil  in 
various  parts  of  the  world  was  known  to  man  many  centuries  since :  at  first  the 
phenomenon  was  the  object  of  fear  and  superstition,  but  eventually  it  was  turned  to 
account  by  practical  individuals.  In  the  Middle  Ages,  the  Mahomedans  in  the  district 
of  Baku,  south-west  of  the  Caspian  Sea,  where  there  was  much  bituminous  oil,  col- 
lected the  vapours  streaming  from  the  soil  and  used  them  for  lighting,  brick  burning  and 
cooking.  Similarly  the  Chinese  of  the  province  of  OuTong  Kias  are  said  to  have  turned 
the  vapour  there  exuding  through  the  soil  to  practical  account  from  tlie  earliest  times. 
The  history  of  the  artificial  production  and  application  of  coal  gas  for  illuminating 
and  heating  purposes  is  much  more  modern.  Nevertheless,  long  before  coal  gas 
was  thus  used,  much  was  known  ^regarding  its  properties.  As  cariv  as  1667  an 
Englishman,  Mr.  Thomas  Shirley,  published  in  the  Philosophical  'mnsactions  a 
communication  in  which  it  was  stated  that  the  explanation  of  a  burning  well  at  Wigan 
in  Lancashire  was  to  bo  found  not  in  the  water,  but  in  the  gns  mixed  with  it,  the 
origin  of  which  gas  was  attri bated  to  the  coal  strata  lying  below.  This  paper  attracted 
much  attention  from  the  scientific  world,  and  gave  rise  to  many  attempts  to  produce 
combustible  gas  artificially.  In  1685,  Professor  J.  J.  Becher  published  at  Frankfort 
the  results  of  some  experiments  on  the  dry  distillation  of  coal,  in  which  he  obtained 
coke,  tar,  and  a  luminous  combustible  gas.  Dr.  Stephen  Hales,  in  1726,  estimated 
the  amount  of  gas  obtainable  from  a  given  weight  of  Newcastle  coal.  In  1739,  Dr. 
Clayton,  in  a  paper  communicated  to  the  Koyal  Society,  showed  that  coid  gas  admitted 
of  storing  in  bladders,  and  in  1767  Dr.  Watson  proved  that  it  retained  its  infiammable 
character  after  passing  through  water.  In  1786  the  gas  produce<l  by  distilling  coal 
at  the  works  of  Lord  Dundonald,  Culross  Abbey,  was  used  for  lighting. 

In  1702,  William  Murdoch  (a  Scotchman)  experimented,  at  Redruth  in  Cornwall, 
upon  the  quantities  and  qualities  of  the  gases  furnished  by  the  destructive  distillation 
of  various  vegetable  and  animal  substances.  Subsequently  he  produced  coal  gas  by 
heating  coal  in  irtm  retorts,  and  used  the  gas,  which  was  conveyed  by  pipes,  to 
illuminate  his  house  and  offices.  The  only  method  of  gas  purification  employed  by 
Murdoch  consisted  in  its  passage  through  water ;  the  use  of  lime  was  introduced  by 
Dr.  Henry  and  Dr.  Clegg. 

In  1798  Murdoch  illuminated  part  of  Messrs.  Boultou  and  Watt's  foundry  in  Soho, 
near  Birmingham,  with  gas;  and  m  1802  the  whole  premises  were  supplied  in  this 
way  and  a  number  of  mills  and  shops  also. 

While  Murdoch  was  thus  striving  to  introduce  the  use  of  coal  gas  into  England, 
Lebon  was  endeavouring  to  do  the  same  thing  for  France,  although  he  was  anticipated 
by  Murdoch  by  seven  years. 

tt2 
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In  1799  Lebou  illumiiiated  hi8  house  in  Paris  with  coal  gas,  and  caused  mneh 
astonishment  by  the  proceeding.  Mr.  Winsor,  who  was  staying  at  Brunswick  at  this 
time,  happened  to  read  Lebon's  report  to  the  French  Institute,  and  on  his  return  to 
England  did  all  in  his  power  to  introduce  the  use  of  coal  gas  for  universal  illumin- 
ating purposes,  but  it  was  a  long  time  before  the  public  prejudice  against  this  innova- 
tion could  be  overcome.  Qradually,  however,  various  establishments  were  lighted  by 
coal  gas,  and  in  1808  the  Lyceum  Theatre  was  thus  illuminated. 

In  1810  Mr.  Winsor  succeeded  in  obtaining  an  Act  of  Incorporation  for  the  Gat 
Light  and  Coke  Company,  and  in  the  course  of  a  few  years  a  number  of  other  rival 
companies  were  started,  while  the  use  of  coal  gas  steadily  progressed  and  increased 
until  in  fact  it  became  universal. 

Paris  was  first  partially  lighted  with  coal  gas  in  1820 ;  and  it  was  introduced  into 
Germany  a  few  years  later.  At  the  present  time  more  than  2,000,000  tons  of  cool  are 
consumed  in  gas  making  for  the  metropolis,  with  the  production  of  14,000,000,000 
cubic  feet  of  gas  annually.  The  total  consumption  d  coal  in  the  gas  and  water 
works  of  the  United  Kingdom  amounts  annually  to  more  than  7|000,000  tons. 

The  Chemitiry  nf  Gaa  Manufacture. — When  coal  is  burned  in  the  open  air,  most  of 
the  cArbon  and  hydrogen  are  burned  off  as  carbonic  anhydride  and  water,  while  small 
quantities  of  ammonia  and  sulphurous  anhydride  are  produced,  being  derived  from  the 
nitrogenous  const  ituents  and  the  pyrites  contained  in  the  coal. 

But  when  coal  is  strongly  heated  in  closed  vessels,  in  other  words  when  it  is  sub- 
mitted to  destructive  distillation,  the  decomposition  which  is  effected  is  quite  of  a 
different  order.  A  large  amount  of  permanent  or  unoondensable  gas  is  formed,  and  a 
certain  amount  of  heavier  vapour  uniich  afterwards,  on  cooling  to  normal  tempera- 
tures, condenses  to  the  liquid  or  solid  state,  while  a  large  amount  of  combustible  matter 
or  coke  is  left  behind  in  the  retorts.  This  gas  coke  constitutes  the  bulk  of  the  carbon, 
and  contains,  of  course,  the  ash. 

The  products  obtained  from  cannel  coal  yielding  about  11,000  feet  of  gas  per  ton 
of  the  density  0*600,  are  on  the  average  tor  every  100  lbs.  subjected  to  distillation, 
about: 

Gas =22-26  lbs. 

Tar .        .        .        . =x   8-60    „ 

Ammonia  water =   9*50    „ 

Coke -6976    „ 


10000 


The  gas  so  produced  contains  the  following  constituents  ;  the  volume  per  cent,  of 
each  is  represented  by  some  determination  by  the  late  Dr.  Letheby: 

Hydrogen 

Light  carburetted  hydrogen 

Olefiant  gas   . 

Propylene 

Butylene 

Acetylene 

Carbonic  oxide 

Carbon  disnlphide 

Carbonic  anhydride 

Ammonia 

Aqueous  vapour 

Ch^gen. 

Nitrogen 

Benzene  and  derivatives 

Naphihalin    . 

Dr.  Letheby  assigned  to  London  gas  an  average  composition  as  follows : 

Common  gas  =  1 3  candles.       Cannel  &s90. 

Hjdrogen 460  277 

Light  carburetted  hydrogen 
Condensible  hydrocarbons 
Carbonic  oxide 

„        anhydride 
Aqueous  vapour    . 
Oxygen 
Nitrogen 

It  is  now  known  that,  although  the  illumiuating  power  of  gas  depends  upon  tlieamoimt 
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of  hydrocarbons  it  oontainB,  yet  it  bears  more  relation  to  the  nature  of  these  constitu- 
ents than  to  any  relation  between  the  carbon  and  hydrogen.  By  long  storing  or 
passage  throiigh  cold  pipes,  gas  loses  in  illuminating  power,  owing,  no  doubt,  to  the 
condensation  St  naphtnslin  and  benzene,  and  allied  or  deriT€»d  subrtances.  MoreoTer, 
at  olefiant  gas  is  soluble  in  water,  this  constituent,  which  is  Tery  serviceable  for 
lighting  purposes,  is  also  diminished  by  storing  the  gas. 

I%e  Hguid  produets  ftomished  by  the  destmctiTe  distillation  of  coal  contain : 


Water  . 

Carbon  disulphide 

Benzol  . 

Toluol  . 

Cumol  . 

Qymol  . 

Aniline 

FiooliBe        .        • 

Leuooline 

Oarbolic  acid 


H,0 

CS, 

C.H. 

C,fl„ 

CAN 
CaH,0 


together  with  other  hydrocarbons  of  the  general  formulae  CnH^n ;  CnH2n44 ;  and  CnH^.,. 
The  following  substances,  which  may  be  obtained  in  the  solid  state  cy  refrigeration, 
are  also  among  the  products  of  coal  (listillation : 


»t 


t» 


Ammonium  carbonate 

sulphydrate 
sulphite 
„  chloride 

Paraffin 
Naphthalin 
Anthracene 
Pyrene  . 
Chrysene 


2NH,.C0, 
NH^HS 
2NH4J3O, 
NH.Cl 

C„Hg 
CuH„ 


As  a  matter  of  &ct,  the  products  of  the  distillation  of  coal  do  not  range  themselves 
sharply  into  these  three  groups.  It  will  be  seen  that  the  gas  itself  generally  contains 
some  of  the  liquid  and  solid  products,  while  the  liquid  distillate  invariably  contains 
in  solution  some  of  the  gaseous  products. 

The  relative  proportions  of  permanent  gas  and  condensable  solids  and  liquids,  as 
well  as  the  chemical  nature  of  these  products,  depend  upon  the  temperature  employed 
in  the  retorts  and  the  length  of  time  the  materials  are  exposed  to  the  action  of  heat ; 
the  lower  the  temperature  and  the  more  quickly  the  operation  is  carried  out,  the 
greater  is  the  proportion  of  solid  and  liquid  products,  and  vice  versa.  The  reason  for 
this  is,  that  more  complex  substances  generally  split  up  into  simpler  ones  on  exposure 
to  a  high  temperature,  and  the  higher  this  is,  the  simpler  the  products.  Thus  olefiant 
gas  splits  up  when  passed  slowly  through  a  red-hot  tube  into  light  carburetted 
hydrogen,  hydrogen,  and  carbon,  with  loss  of  illuminating  power ;  and  so  with  other 
bodies.  Therefore,  although  it  is  the  object  of  the  distillation  to  get  a  large  yield  of 
permanent  gas,  it  is  equally  necessary  that  the  illummating  value  of  the  gas  should 
not  be  destroyed  by  using  too  high  a  temperature  or  by  too  slow  distillation. 

From  what  has  been  said,  it  will !«  evident  that  the  substances  entering  into  the 
composition  of  coal  gas  may  be  classed  under  three  headings — illuminants,  diluents, 
and  impurities : — 


liiuminanis. 
Olefiant  gas. 
Acetylene. 
Propylene. 
Butvlene. 
Hyorocarbons  r/f 
theCnH^     "1 

CnHjn.g   > series 

Cn-Hjn-  i«  J 


2Hlt$eni3. 
Hydrogen. 

Light  carburetted  hydrogen. 
Car1x)nie  oxide. 


Impuritiea. 
Sulphuretted  hydrogen. 
Ammonic  hydrosulphido. 

„        carbonate. 
Carbonic  anhydride. 

„       disulphide. 
Nitrogen. 
Oxygen. 
Aqueous  vapour. 


Of  the  illuminants,  taking  olefiant  gas  as  a  standard,  the  order  in  which  they 
stand  is  directly  proportionate  to  the  amount  of  carbon  contained  in  an  equal  volume 
of  each,  so  that  naphthalin,  the  highest,  has  five  times  the  lighting  power  of  olefiant  gas. 

The  denser  members  of  the  group  of  illuminants  are  the  most  readily  condensed. 
From  this  cause  the  gas  mains  frequently  become  blocked  with  naphthalin,  which 
has  been  gradually  deposited,  owing  to  the  gas  having  left  the  holder  at  a  higher 
temperature  than  that  of  the  pipes  conveying  it. 
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The  diluents  bum  at  best  irith  a  bluish  flame  which  emits  no  light ;  they  therefore 
serve  merely  to  swell  the  bulk  of  the  gas. 

The  impurities  are  not  merely  useless,  but  are  also  noxious  or  ii\]urious,  and 
require  to  be  removed.  Sulphuretted  hydrogen  rarely  occurs  in  coal  gas ;  but  solphy- 
drate  of  ammonium  and  carbon  disulphide  when  present  give  rise  during  combustion 
to  sulphurous  anhydride ;  this  combining  with  water  and  oxygen  forms  sulphuric 
add,  which  exercises  a  most  deleterious  influence  upon  books  and  paintings,  etc.  It  is 
therefore  desirable  to  remove  these  substances  so  lar  as  is  practicable  firom  ooal  gas 
before  it  is  supplied  to  the  consumers. 

Carbonic  ajmydride  does  not  support  combustion ;  it  should  therefore  be  removed 
&om  coal  gas  intended  for  purposes  of  illumination,  inasmuch  as  1  per  cent,  of  it 
depreciates  the  illuminating  power  of  the  gas  to  the  extent  of  about  6  per  cent.  Tho 
nitrogen  present  in  coal  gas  is  chiefly  derived,  as  is  also  the  oxygen,  from  the  leakage  of 
atmospheric  air  into  the  retorts  during  distillation ;  since  they  both  reduce  the  lighting 
power  of  gas,  it  is  desirable  to  avoid  Uieir  presence  as  far  as  possible. 

Coal  gas  being  stored  over  water,  becomes  necessarily  saturated  with  aqueous 
vapour,  and  although  the  actual  amount  present  is  not  large,  it  is  objectionable  on  the 
same  ground  as  oxygen  and  nitrogen ;  moreover,  if  the  gas  be  used  for  heating  pur- 
poses, it  is  still  more  objectionable,  because  it  absorbs  a  certain  amount  of  heat  in 
passing  into  a  more  highly  attenuated  state. 

Different  kinds  of  ooal  used  in  gas  making. — The  value  of  coal  for  gas  making 
depends  upon  the  amount  and  nature  of  the  volatile  products  famished  by  heating  it, 
and  as  bituminous  coal  excels  in  these  respects,  it  is  the  best  sort  to  use  for  the  pur- 
pose. Bituminous  coal  includes  the  varieties  called  caking  coal,  and  parrot  or  cannel 
ooal.  Anthracite,  which  is  almost  wholly  carbon,  is  quite  useless  for  gas  production, 
and  *  steam  coal '  is  unsuitable  also  in  a  less  degree.  The  coal  used  should  contain 
only  a  small  amount  of  ash,  in  order  that  the  residual  coke  may  be  serviceable  as  ftieL 
The  absence  of  sulphur  (as  pyrites)  is  also  desirable,  since  the  carbon  disulphide 
formed  from  it  in  the  process  of  manufacture  has  afterwards  to  be  removed  tram 
the  gas  produced.  The  freer  coal  is  from  oxygen,  the  better  it  is  for  gas  making, 
since  it  is  only  the  excess  of  hydrogen  (among  other  available  constituents  of  ooal 
gas)  over  the  quantity  requisite  to  form  water  with  the  oxygen  of  the  coal  which  is 
available  for  lighting  purposes. 

The  Scotch  cannel  coal  yields  the  largest  and  richest  quantity  of  illuminating  gas, 
and  English  cannel  ranks  next  Newcastle  coal  is,  however,  largelv  used,  although  its 
light-producing  capacity  is  only  represented  by  10,  compared  with  the  best  Durham 
at  15,  Lesmahago  at  25,  and  Boghead  at  40. 

The  following  table  illustrates  the  yield  of  gas  and  other  products  from  var  jus 
coals: — 


Con- 

Prodnce  of  one 

ton  of  coal 

Bqaivalent 

scunp- 
tionper 

Value  «f 

of  one 

honrto 

the  gas 

Nune  of  coal 

cubic  foot 
of  gas  in 

give  a 
light 

from  one 
tonoCooali 

Lbs.  of 

grains 

equal  to 

inpoondi 

Cabic  feet 

Lbs.  of 

Lbs.  of 

ammo- 

sperm 

twelve 

of  spenn 

of  gas 

coke 

tar 

niaoal 

standard 

715 

liquor 

candles 

Boghead  Cannel . 

13,334 

733-3 

none 

1109 

1-8 

2057 

Newcastle    „     . 

0,883 

1,426 

98*3 

60 

606 

2-37 

851 

Wigan          „     . 

10,860 

1,832 

218-3 

161-6 

465-8 

3-09 

718 

Lodigelly     „     . 

8,331 

1,245 

225 

340 

439 

3-28 

522 

Mixture  of  }  Loch-j 

gelly  and  ^  Bog- 1 
head  Cannel   .       ) 

9,005 

1,200 

400 

170 

695 

2-07 

899 

^  Lochgelly  iind  ^) 
Boghead  Cannel     i 

9,050 

1,205 

335 

290 

600 

2-4 

774 

^  Lochgelly  and  ^) 
Boght^d  Cannel     ( 

9,750 

1,240 

227 

270 

443 

3-25 

617 

Pelton  Main 

9,500 

1,540 

112-5 

112-5 

811 

4-7 

422 

Mixture  of  |  Pelton) 

and    i     Boghead  V 

12,800 

1,366 

116-6 

116-6 

553 

2-6 

1009 

Oftnnel .                 . ) 

The  data  here  given  are  derived  from  experiments  made  by  Mr.  Barlow,  who  is 
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of  opinion  that  coal  containing  above  30  per  cent,  of  Tolatile  matter  requires  a  higher 
temperature  for  distillation. 

Newcastle  coal  gires  from  8,000  to  12,500  cubic  feet  of  gas  per  ton,  haying  a 
specific  gravity  ranging  between  *398  and  '521. 

Parrot  or  cannel  coal  gives  from  9,000  to  15,000  cnbic  feet  of  gas  per  ton,  having 
a  specific  gravity  ranging  between  *460  and  *762. 

The  coal  of  Derb^hire,  Wales,  and  Stafifordshire,  more  or  less  approaches  to  the 
Newcastle  ooal. 

The  various  kinds  of  coal,  especially  those  of  a  bitominons  natnre  and  intended 
for  gas  making,  should  be  protected  as  fur  as  may  be  from  atmospheric  influences. 
Exposure  to  rain  and  sunshine  alternately  is  liable  to  cause  spontaneous  combustion  ; 
in  any  case  it  sets  up  a  rapid  oxidation  of  matter  which  would  otherwise  be  available 
for  producing  gas.  This  is  more  especially  liable  to  occur  when  the  coal  contains 
jDJuai  ferrous  sulphide,  as  this  readily  takes  up  oxygen  from  the  air  and  passes  into 
ferrous  sulphate ;  this  oxidation  sets  up  a  like  action  in  the  coal  which  is  intensified 
by  the  heat  liberated.  A  coal  may  thus  in  the  course  of  three  months  lose  from 
these  causes  as  much  as  10  per  cent,  of  its  productive  power. 

The  following  analyses  will  suffice  to  show  the  average  composition  of  coals : 

Per  cent.  0.     Per  cent.  H.    Per  ocDt.  O. 
Boghead  cannel      ....    80*35  11-21  6*71 

Wigan  cannel          ....    85  05  5*71  8'14 

Gas  coal 8816  6-26  5*41 

Manufacture. — When  coal  is  distilled  in  close  vessels,  the  elements  of  which  it 
is  composed  rearrange  themselves,  forming  a  series  of  bodies  the  nature  of  which 
depends  upon  a  varie^  of  conditions.  An  excessive  temperature  sph'ts  up  the  pro- 
ducts first  formed  mto  more  simple  ones,  such  as  hydrogen,  light  carbnretted 
hydrogen,  etc.,  which  are  valueless  for  illuminating  purposes ;  on  the  other  hand,  if 
deficient  heat  be  employed,  tar  results.  As  it  is  impossible  to  keep  the  contents  of 
the  retorts  at  a  uniform  temperature  throughout,  complicated  conditions  arise,  and 
therefore,  besides  ooal  gas,  a  quantity  of  tar  and  ammcmiacal  compounds  pass  over, 
leaving  behind  in  the  retorts  a  highly  porous  coke.  Ordinarily  the  retorts  are  charged 
with  from  2  to  4  cwts.  of  coal,  and  are  maintained  as  far  as  possible  at  a  cheny-red 
heat ;  at  some  works,  on  the  introduction  of  fresh  charges  of  coal,  the  furnaces  are 
made  white  hot  or  nearly  so.  This  operation  of  distillation  takes  about  four  or  six 
hours,  during  which  time  the  coal  yields  up  all  its  gas  and  leaves  a  saleable  coke. 

lie  retorts  constitute  a  most  important  portion  of 
the  apparatus,  since  upon  their  construction  and  arrange- 
ment the  quality  of  the  gas  is  largely  dependent.  They  have 
been  the  subject  of  many  modifications  and  improvements, 
varying  most  widely  in  the  material  of  which  they  are  con- 
structed, their  form,  and  their  arrangement  in  the  furnace. 
During  the  first  twenty  years  iron  retorts  were  always  used, 
but  at  the  present  time  clay  retorts  hare  almost  displaced  them. 
A  disadvantage  attending  the  use  of  a  retort  having  a  cir- 
cular transverse  section  was  found  to  be  that  the  contents 
were  unequally  heated,  and  that  in  order  to  reach  the  central 
portions  of  the  charge  the  temperature  required  to  be  so 
high  or  long  continued  that  it  acted  injuriously  on  the  gas 
produced  from  the  coal  lying  nearer  to  the  circumference. 
This  led  to  the  adoption  of  the  ear-shaped  and  rectangular 
retorts  (figs.  459  and  460),  and  afterwards  of  the  Q  s^ped 
retorts  (figs.  461  and  462).  The  more  rapid  decomposition 
of  the  ccmeJ  lying  in  the  angles  of  these  retorts  left  still 
much  to  be  desired,  and  to  avoid  this  inconvenience,  the  oval 
retort  (fig.  463)  is  now  much  used,  especially  in  North 
Germany.  The  length  of  the  clay  retorts  varies  ordinarily 
between  64  ft.  and  10  ft. ;  fiieir  breadth  and  height  average, 
when  of  the  shape  of  fig.  460,  10  in.  by  12  in.;  fig.  461, 
82  in.  by  6}  in. ;  fig.  462.  from  15  in.  by  12  in.  to  25  in.  by 
15  in. ;  fig.  463,  from  17  in.  by  12  in.  to  23  in.  by  39  in. 

In  the  construction  of  the  clay  retorts,  a  mixture  of  burnt 
clay  with  fresh  plastic  clay  is  used.  The  clay  must  not 
contain  much  iron  or  lime ;  it  must  be  very  plastic  and  cap- 
able of  resisting  the  action  of  fire,  and  it  should  not  bo  too 
liable  to  crack  or  shrink  when  fired. 

The  retorts  are  made  with  one  end  closed,  and  to  the  other  end  is  fitted  a  tubular 
cast-iron  mouth  piece  having  th**  same  size  and  sectional  form  as  the  rr^tort,  so  as  to 


Fig.  4o9. 


Fxo.  461. 


Fio.  463. 
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(«)  >■ 
,     6  by  icrwr  bolti 

puBing  thruugh  the  fliuige  [d)  of  the  month  pii>ce,  and  screwed  into  nnlfl  (c)  nnbaddsi] 
in  th«  neck  of  the  flrc-clity  retort.   The  leiigtD  of  this  mouUt  piece  doet  not  n 


be  more  thmi  enough  for  ntlai 


flg.  4B4,  or  it  is  fitted  on  by  meuu  of  a  flange  with 
bolts  and  nnts.  Tbe  mouth  piece  ia  closed  by  a  lid 
made  of  thick  iron  pUt«,  which  Bta  aecnntaly  agaiiut 
the  flange  (g),  and.  ait  shown  in  fig.  4eS,  is  farnuhed 
with  euB  or  praJM^tions  lag)  at  the  iJdM.  Theae  oan 
l¥st  upon  two  stout  iron  baje  (hh,  fig.  i66),  flttodwith 
BockelH  (it)  on  the  corresponding  aidei  of  the  mouth 
piece  and  held  fast  by  wedge*  at  k  i.  The  front  endl 
of  these  bars  have  each  ■  slit,  into  which  ia  inawtod 
thecroBS  btir(/),  baring  at  the  centre  a  strong  Bcrew  («) 
fitted  with  B  handle,  and  bj  this  means  the  lid  can  be 
prsBsed  tightly  against  the  flange  (y)  of  tba  month 
piece,  which  is  previously  emeared  with  a  cement  cod- 
A  simpler  and  more  convenient  amuige- 
st8  of  an  rcoentnc  lever  attached  to  a  crcm 


nwDt  for  dos  ng  the  bd  of  the  retort  c 
bar  ns  represented  bj  flg  167 

Tho  a  tori  Funtaee  s  urd  nanly  a    enclosed  arched  chamber  coDetRiel«d  of  flte 
bncks  in  wh  ch  the  retorts  are 


was  usual  t  surround  them 
w  th  a  cas  ng  of  fire  clay,  or  U 
d  vide  thtm  by  a  closed  arch, 
nto  wh  ch  tJie  fire  msM  patstd 
tern  behind  in  oraer  t«  pre- 
serve them  from  the  violent 
set  on  of  the  fiame  fron  Ibe 
ftimace  Sin  e  tbe  genanl  in- 
troduction of  clay  retorto,  how- 
ever this  arrangiement  ha*  been 
abandoned  The  Dntnber  of 
retort*  la  d  n  one  ftunaee 
vanes  from  one  to  fifteen,  ■£- 
cotd  ngto  the  sue  of  theestab- 
Ishmsnt 

Fig.  468  reprssents  a  nnall 
fHunace  in  which  two  retort* 
(a  a)  lie  side  by  aide  abont  3) 
feet  above  the  ground,  and  lie- 
neath  a  flattened  arch  of  about 
6  feet  span,  so  aa  to  endoaa  the 
retortH  as  nearly  as  possible. 

Tho  fire  p  '        

right  and 

nnd,  meetiogigainabovethem, 

dss«endl^ud  psMM  »lw| 


■  dinwn  towarda  the  front  wall  af  the  fui 
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■  horiamtal  caiul,  the  aidea  of  which  are  fonnsd  by  the  two  retorts ;  ftt  the  bade  of 
the  fam&ee  the  flro  gsses  outer  a  perpeadiculai  flue  controlled  b;  s  damper,  and 
through  it  pass  into  the  cbimae;. 

The  bed  and  interior  part  of  the  fomace  exposed  to  the  action  of  the  fin  are  eon' 
■trusted  of  infnable  fire  bricks.  The  outer  walls  are  uBoallj  double,  and  are 
stMmgthened  by  iron  stays  connecting  them  with  each  other  and  the  retoit  benchee. 
By  tluB  mcAus  not  only  ie  additionil  solidity  of  the  building  secured,  but  the  eztarior 
walls  assist  in  tstainiog  the  heat  and  preTenting  nndue  loss  by  radiatdoa.  When 
coka  is  used  for  fuel,  the  fireplace  is  made  comparatively  deep ;  the  air  entering  from 
beneath  has  then  to  pass  through  a  considerable  depth  of  fuel,  a  cimditioD  which 
favouis  the  formation  of  carbonic  oiide  and  the  consequent  production  of  a  fiame  of 
great  heating  power.  An  ash  pan  beneath  the  fire  grate  is  k^t  partly  filled  with 
water,  in  whidi  the  hot  ashes  falling  are  extinguish od,  whilst  the  resulting  steam 
tends  to  lower  the  temperature  of  the  furnace  bam,  and  passing  upwards  through  the 
inoandeaeent  fuel  is  decomposed  with  the  fonoaUon  of  carbonic  oxide  and  hydnigen. 

Notlrithstanding  all  precautions  taken  for  the  equal  heating  of  the  retoita,  some  of 
them  Bie  always  exposed  to  a  greater  heat  than  tha  others ;  consaqneotly  they  are 


1^.  460. 


destroyed  morp  quickly,  and  rpqnire 
the  eutin-  btnch.    Those  retorts  thi  _  _ 

be  re-charg«d  more  freqnontlj-  thun  the  others,  to  prevent  the  contamination 'of  the 
gas  with  sulphur  to  a  greater  extent  than  iH  tlie  case  when  the  coal  ia  not  heated 
strongly  for  a  long  time ;  when  the  distillation  is  not  carried  too  far  much  of  the 
sulphur  is  left  in  the  roeidnal  cokr.  In  charging  the  retorts,  the  coals  are  placed  as 
far  back  in  the  rvtort  as  possible,  by  means  of  a  shret-iron  scoop.  At  the  same  time 
the  mouth  of  the  exit  pips  is  cIuhwI  to  prevent  either  gas  Mowing  back  into  the  relurl, 
or  atmospheric  air,  carbonic  dioxide,  etc.,  being  drawn  into  the  pipe  fiom  the  furnace. 
Fi^.  4S9  shows  the  amingcment  in  a  furnace  contninine  six  retortn  capable  of 
producing  with  retorts  of  the  ordinary  dhnensione  50,000  cubic  feet  of  gns  in  twenl;- 
four  hoars.  An  important  point  to  be  considered  is  that  there  should  be  perfect 
combustion  of  the  fuel  in  the  fiirnaco.  The  retorts  are  therefore  nrrangeil  in  the 
form  of  sn  arch  uround  the  hearth.  At  the  grate  (a)  the  fire  hearth  is  about  1  foot 
wide  I  at  a  distance  of  1  foot  higher  it  widens  to  2  fert ;  it  then  rises  nbont  1}  feet, 
and  is  dosed  in  by  a  brick  arch  (i).  The  fuel,  usimlly  coke  produced  in  previoua 
operations,  is  btroduced  through  Uie  furnace  door  (o) :  thin  and  the  ash  pit  door  («) 
are  set  in  a  cast-iron  frame  (_d),  securely  bolted  into  the  front  wall  of  the  furnace. 
The  flame  rising  from  the  hearth  is  hindered  tiom  passing  between  the  retorts  (y  k  ■), 
tn  barriers  of  brick  (i  I),  It  therefore  rises  between  the  arch  (i)  and  the  lop  retorta 
(jS)  ^  ^'  crown  of  the  vault,  then  spread*  right  and  left,  and  deacends  between  tlie 
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onUr  tide  of  tlw  (elort«  and  the  wall  of  the  nalt  to  the  leral  of  llie  bottom  of  lbs 
towMt  ntoita  (t  i) ;  tho  in  guee  here  enter  a  paaBoge  (in)  imnDU^  under  the  enliit 
iMlgth  of  Cheee  retorts,  which  acta  aa  a  draught,  through  which  thej  are  drawn  at  a 
Talocit;  regalated  by  a  damper  into  (hi>  chimaer- 

The  lame  adTsutagas  aie  «aid  to  be  afforded  bj  a  furnace  containing  aeren  rrtcoia, 


t  ti,  and  fig.  472  a  vertical  eection  at  tho  line  b 


4  ia  a  plate  whirh  aopporta  Che  midill-  retort,  and  at  the  same  time  protKta  it 
tha  plaj  of  I  he  An  1  a  is  the  opening  for  the  introduction  of  ftiel ;  p  ths  ouiril 
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thBuh  pit;  ff  Uiaoomnondisg  doon.  Undai  tha  gnM  iaaeut-iion  mtar  tuk 
{fy  Thsre  vaur  u  al«»j^  kept,  ia  iriiieb  MliDs  pweei  of  coke  am  extjupiuhsd  utd 
nt  the  aame  time  sUsm  is  m>diie«d  that  eiaieiM*  a  cooUog  action  od  £s  flra  ban. 
The  Bra  plaTi  ronnd  the  middle  ret«it  (r),  aod  being  prerented  b^  the  flre-briek  par- 
titioDB  (*  *)  Srom  puiing  out  ndewaTs,  riBaa  aa  in  Uie  aii  Mtoit  famace,  between  the 


to  the  fluaa  {a  and  h),  and 
thltnigh  them  iato  llie  chim- 
D^;  V  and  ware  the  atan 
of  the  TatorCa  againat  tlie 
aide*  d  the  fonuce ;  b  and  e 


ing  the  hent  d  the  oven. 
Bandaa  the  interior  aapports, 
the  retoTta  net  at  either  end 
in  the  front  and  back  walls 
of  the  fnmaGe.  The  front 
Tall  ia  built  of  Are  bricka, 
9  inebn  Uiick  ;  the  back  vail 
ia  double  (xy),  being  aepa- 
rated  bj  a  aUatum  of  air 
that  acta  aa  a  con-oondnctor 
of  the  heat  The  eotire  for- 
nace  ia  endoaad  aboTe  by 
fira  archea,  the  iJiree  inner 
onae  Ijing  cloae  on  one 
another,  being  built  with 
Are  bri<^ ;  the  other  two, 
Bepaiatad  from  them  hj  a 
aikall  interral,  being  built 
witJ)  otdinaij  bricks.  A- 
boTe  the  oat4hnoet  arch 
there  are  freqnentlj  two 
lajers  of  plaster  to  ret&cd 
the  radiation  of  heat.  In 
flg.  472  is  shown  the  mouth 
of  the  retort  (i),  «4ueh  pn)- 
jecte  beTonil  the  front  wall, 
ami  ia  fitted  with  a  vertical 
caat-iron  pipe    (■),  through  p,g  4^2. 

wbich  the  whole  prodocta  of 

the  diatillatiou  ascend  to  the  hvdranlic  main  (r).  When  the  coal  haa  bean  intro- 
duced into  the  retort,  the  mouth  is  closed  with  a  lid  luted  with  fire  cUf ,  or  aome  other 
■nitable  material,  and  &atened  with  a  screw  or  lever  ae  alrend;  deaanbed. 

The  hydraulic  main  (fig.  472,  r),  into  which  the  gaa  pasaee  from  the  nnoniiainn 
pms  (bc),  is  a  horizontal  iron  trough  that  is  at  flnt  half  filled  with  wat«r,  into 
which  tile  oontjnuatioua  (d  h)  td  the  oseentioa  pipeg  dip.  The  ^  bnbblea  throagh, 
but  a  part  of  the  tar  and  ammouiacal  liquor  ia  coodeneed,  and  this  aoon  diaplacea  t^ 
water,  and  in  its  torn,  when  it  haa  reached  a  certain  level,  flowa  over  into  the  tar 
well.  Thehvdmilic  main  aets  Uierefore  as  a  watar  joint,  and  effects  a  partial  oon- 
denaation  and  poriflcation. 

Ketoria  are  aaoallj  set  in  groopa  of  three,  fire,  seven,  eight,  or  nine  to  a  bench, 
ing  being  heated  by  a  eeparate  Are  regulated  bv  independent  dampna,  but 
with  a  eominon  Bue.  They  are  either  aingfe,  when  they  are  aboDt  S^ 
feet  long,  and  closed  at  one  end,  the  oUier  being  fitted  with  the  mouth  piece  ;  ot  thej 
are  double,  in  which  case  thej  aie  18  or  20  feet  long,  and  have  a  month  piece  at 
eadi  end.  Single  day  retoits  are  osually  in  anepieoe,andtoatrengthen  them  thej  are 
aet  in  a  cseing  of  fire  bricke  i  but  the  double  retorte  may  be  either  built  in  sectionl 
or  conatructed  entirely  of  fire  bricks.  After  a  time  the  retorts  become  coated  with  a 
vei;  bard  deposit  of  carbon,  and  leqnire  to  be  scurfed.  Thia  ia  doia  by  removing 
the  deposit  with  a  hammer  and  chisel,  or  when  it  haa  beoome  veiy  Uuok  and  hard,  bj 
adimtting  atmospheric  air  to  the  retort  and  allowing  the  carbon  t«  bun  away  until 
the  eruat  ia  suffldentJy  thin  to  be  easily  removed. 


litis  qnasti^,  howevor,  can  be  reduced  if  air  pr*- 
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Tioodj  haated  i»  iDtradnrad  nndet  t,he  fire  gnt«.  This  psflHi  to  and  fro  thronfifa 
aanow  ehannela  along  the  laogth  of  ths  flue,  and  increaeee  by  its  beat  tht  eSect  of  u* 
combnation.  Thna  the  seven  retort  fnmace  repraseDted  is  fig.  470  woold  nqnin  go 
the  Bven^ft  336  puts  of  coke  for  the  distillation  of  1,000  part*  of  coal ;  vhitat  • 
ftunace  with  Dine  retorts  and  doaUe  fires,  aa  represanted  in  fig.  473,  in  vhich  tlkil 
plan  is  adapted,  vould  ontj  require  213  porta  of  coke  to  do  the  aameanunint  oCwod^ 


Fra.  478. 

nible  quantity  at  tMxrj 
and  aqueous  vapnur.  In  the  smallor  giiworkB,  the  coa- 
rlentur  ueeil  for  thi^  KHpHration  'if  these  impuritieg  ooouita 
of  A  aerios  of  pi  pen  kept  cool  by  exposure  to  the  nir.  Such 
nn  armngement  is  xhown  in  fig.  474,  a,  ground  plaa  in  fig. 
47''.  The  pipi<H  are  supporUid  upon  and  open  into  a  ebaa- 
ber  [a  a)  fnr  the  reception  of  the  condeaaatioD  piodiMl*. 
the  rhamber  being  divided  into  several  compartmenta  bra 
sevioK  of  partitioUH  reaching  not  quite  to  the  bottom.  Tbi 
gill!  entering  Ht  s  into  the  first  compartment  (1)  riiM 
(jirough  the  pipe  nponing  into  it  (4),  paswe  throng  the 
crona-pipe  (e).  and  ilescends  by  the  opposite  pipe  (e)  iDlo 
Lhn  second  mmpartment  (2),  then  rises  through  the  thiid 
pipe  (3),  and  piuaBs  through  another  cross  pipe  corrsapoDil- 
ing  to  e,  and  so  nn  thmugb  the  vhule  series  of  pipes,  aid 
uHcitpea  through  the  outlet  (a).    Tie  condenaatioD  prodncll 
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»  gaa  works,  where  it  would  bn  difficult  (o  obtain  n  mfSficnt  ramJeniatioD 
aetdoo  of  stmiwphorie  air  nlonc.  a>ld  w«t«r  is  also  naed ;  tho  arnngsiaaDt  >■ 
D  fig.  176.  In  this  condenser  lh«  gius  psmes  tbrougbthree  upright,  tnbei  (abc) 
feet  in  diain«t«r  and  IS  feet  in  height,  each  containiDg  Hevea  iron  2{  inch 
(!««),  Bmt)g«d  M  shown  in  (cb),  in  which  water  circulotn  in  a  contrerj 
n  to  the  gas.  The  gnn  entirs  ut  a,  {«raen  through  the  tubes  (i  b  c)  and  the 
ing  pipes  (Ac)  BucceseiTelj,  totha«iil,ralre[iJ).  Thaculd  water cutsrs  through 
/),  at  a  point  bcluw  tho  thtril  tuho  (c),  sacendg  tbrouiih  it  and  pnasae  throngh 
nscting  ppe  (j),  then  descoudii  through  the  second  tu)«  (ii)and  the  connecting 
I,  and  finally  rises  tlirongh  the  first  tulie  (a),  escaping  Kt  the  top.  The  t«m' 
e  is  shnwD  by  a  thermometer  in  ewh  tube  (i  i  i\  and  the  flow  of  water  is  so 
3d  Uut  the  gas  leaves  the  eondenner  at  about  15°.  The  condensation  products 
m  A  through  b,  and  'hen  pass  with  thuwi  from  r  intn  a  2  inch  pipe  (i),  onward 
>r  wsuituir  (0-  Sliould  an;  defect  uci'iir  iu  the  appiiriitos,  tJie  Tnlves  at  the 
i)  and  Slit  (it)  are  cloKed,  and  the  (pa  pHSKPii  directly  from  the  snpplj  pipe 
I  a  bnncb  (a)}  communicating  diroclly  wiUi  the  diacluirge  pipe,  the  valrs  con 
:  it  (B)  he'"g  opened. 


Fro.  t7G. 

I  otgeet  of  the  condenser  is  to  effect  the  cooling  of  the  gas  U 
atim,  and  at  the  enme  lime  tie  separation  of  saspended  h-..li.  <..,.<  ««.  ... 
•sea  tMs  Iwult  can  he  produced  by  making  the  got  piiKs  np  anil  down  through 
mn  at  upright  pipes  of  the  kind  above  d*»criiird,  but  Bcveral  improved  nrrangi:- 
hsTS  been  introduced  with  the  object  of  offering  a  grinter  surfaci-  of  contact 
U  the  gsi  and  the  coolinp  medinm.  In  Kirkham  imd  Wright's  condensers  this 
en  done  by  making  the  gas  traverse  an  annnlar  space  formed  by  two  mncontric 
■rs,  imd  the  gaa  pnsaing  throtigh  this  annular  sp;ice  was  ll  '"'  ' 


atmospheri 


b  cooled  both  from 
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witfainuid  from  vilhontby  the  eold  air  pnssuig  np  throogh  the  inner  cfUtidar  M  «aU 
u  orar  the  nurfaoe  of  the  ootor  cylinder.  These  uinQUr  condepser  tnbea  are  oouieeted 
by  im&ller  pipea,  vMch  cooTej  the  gu  from  the  boltom  of  one  condennog  ejUoitr 
to  the  top  (ff  the  •^ioiniig  one,  eo  th&tiD  all  cases  the  gae  passee  from  the  top  to  the 
bottoms  the  eoDdensing  cylioden  in  n  direction  contTHr;  to  that  of  the  enimtof  ail 
bf  vhioh  it  ii  oooled.  An  area  of  aiz  to  teo  eqaaiefeet  of  condeDmng  mr&ce  iaoon- 
■dend  to  be  neceaeary  for  each  thoneand  cnbic  feet  of  gai  made  dnnng  twtutj-tma 

Pudng  from  the  eondenmr  the  gaa  reaches  the  eihaneter.  ao  appaiatnt  luiTitt 
for  it*  olnect  the  irithdraval  of  the  gae  from  the  retorts  aa  goon  ae  it  ja  prodaMd,  lad 
ita  pTopnlnon  through  the  Tariona  pnjii7iDg  materiaU  to  the  gaa  holder.  The  leaan 
for  drawing  off  the  gas  from  the  retorts  as  qnickly  aa  poEsible  ia  to  aviad  its  bdillg 
snlgeetad  to  presenre,  which  if  it  be  at  all  considerable  nt  a  given  temparatara  nar- 
eieee  npon  the  gae  the  same  effect  aa  a  much  higher  temperatore  withoat  nwwttWi 
namalTi  the  splitting  np  of  condensablo  hydrocarbons  into  DOa-illnminant*,  'Miieh  haa 
the  tttect  of  not  only  reducing  the  amount  of  gas  obtained,  but  alao  of  Inanining 
the  illominadng  power  of  the  gas,  andcanaing  a  deposition  of  carbon  upon  tlw  inlariat 
anrfikce  of  ths  retoits. 

A.  TOtaiy  eihanBtar  ia  shown  in  figa.  47T  and  478.  Thia  connata  of  a  cjlindtieal 
«Ma  (a)  Id  which  a  aniallet  cylinder  (b)  ia  Kit«t«d  eceeabicftll;  bj  a  drinng  shaft 
making  60  to  100  Mrolotioiia  a 
miDiite.  At  a  right  asgla  with  the 
ihaftare  two  sliding  plUea  wtsling 
in  a  groore  apon  one  aaothor  invKh 
a  maimei  that  whaterer  tbapoailiaa 
t£  the  inoBT  (r^indeT  tho  apaaa  of 
the  outer  frame  ia  diridad  into  two 
paita.  In  the  podlioD  ahown  in 
the  aketeh  the  entmiee  and  aiit 
are  doead,  and  the  npper  apaca  is 
filled  with  ^ae.  Whan  the  ^lindcr 
ia  rotated  in  tbe  dinctioa  of  tha 
Brroira,tha  left-hand  slide  ispnahed 
in,  whilat  the  right-luuid  one  (Udas 

with  the  dde  oif  the  framcL  At  the 
aane  time  the  opening  of  tha  exit 
pipe  becomea  nDCOrered,  and  the 
gaa  in  the  npper  part  of  the  frame 
ia  hj  the  eccentric  action  ttf  the 
inner  cylinder  driren  forward  by 
Fio.  477-  the  right-hand  slide  into  ths  pipes. 

When  the  remlntion  ia  half  com- 
pleted, the  inlet  pipe  in  ita  turn  beeomwiUMTaMd,andBfreeh  qnandtyctf  gaa  enters 


and  pi«Miu«  on  the  Ub» 


CONDENSATION  OF  TAR,  ETC. 

1  of  thii  kind  Bbonc  four  fe^  in ^ 

■00  cubic  feet  of  gu  per  hour,  acconJinR  to  tha  ratt  at  w.. 
shkoiter  is  reprwanted  id  Sg.  479,  vhidi  resemblm  a  a„-„  . 
ha  giu  entering  at  the  m!eC  pipe  (a)  pnnrmn  according  to  the  p 
in    the  slide  diamber 
itinl  cjlinder  througb 
diannela.  one  (□)  above 
I,  the  other  ^b)  belnw 


n  («) !. 


t  the 


lOU  repreaeni 
I  inlet  pipe  (a)  and  the 
>  ud  ■)  an  ihut  oiT 
Xheir.  ^  Directly  the 
the  pieton  ia  reversed 
downwards,  and  com- 
establifibed  between 
t  (*)  and  the  lower 
nd  between  the  appec 
ad  the  alida  chaniber 
the 


the 

thacjlindn  forward 
ppw  chaeiMl  (d)  and 
(bL  whilst  a  fieeb 
;aM  w  drawn  in  tnm 

(a)  thronoh  the  lower 
to  mi  the  Tacunni 
sn  the  piston  nachen 

cjHnder,  commnnica- 
shnt  off,  and  when  it 
oaditioaa  ate  rereraed, 
drawn  in  thionsh  the 

and  expelled  uniugh 

)  avoid  tliB  danger  of 
would  result  from  the 
in  consequence  of  thu 
I*  produced  in  the  re-  - 
nstunes  oneqiial  lo  tha 
eshaoster,  the  snpply 
oiled  b;  a  regulator. 


n  of  the  regulator  used  for  this  purpose  is  repreaented  bv  tig.  480. 
wel  (a)  is  partly  filled  with  tar,  and  the  cyludncal  hell  (i),  fur- 


hollow  ring  (c)  internnlly,  dips 
rn  to  the  reqnired  level  by  weights 
D  to  a  pin  attached  to  the  top. 
■ell  are  lued  two  concoDtric  pipes 
le  extMmal  widsF  tnbe  (a)  blanches 
in  thronsh  which  the  gaa  is 
thescmbber;  the  inner  tabs  (n) 

the  main  throogh  which  the  gas 
the  eihanstPTB  ia  tocwd  into  the 
the  former  there  is  consequently 
in  the  latter  rarefaction,  of  the 
bavfti'r  and  regulator  are  some- 
immediBtelf  after  the  hydnulic 
:be  condenser,  but  in  that  caits  thp 
lar  and  anunoniacal  wal«r  aiuses 

the  metal  or  hinders  the  actian 
:or.  When  the  dip  pipes  of  the 
lersed  aboat  &□  inch,  it  is  neces- 
ezhaaater  Bbould  be  driven  in 
to  produce  a  rarefaction  equal  to 
inch  in  the  Buetioc  tube.  This 
oondition  of  tha  i^ulator,  which  pm^ 

nch  a  way  that  n  conical  valve  (r) 
a  eorarof  the  bell  doees  tbeouUet  of  the  tube(D). 
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iwefbetion  becomt's  grestor  the  regulator  begins  lo  net,  aud  b;  rinking  openi  lb* 
coiumI  valve  (f),  admitcing  gas  into  Uiebell  and  reducing  (he  rarebcttoD.  Aathiacoo- 
ditjon  recon  at  freqnnat  interTsls,  a  trembling  mutiua  of  the  bell  is  prodaced,  wUeh 
•dnuta  of  th«  action  of  th«  appwatni  being  obBcrvcd.  VTheD  the  apeed  of  th* 
exhanater  ia  too  great  for  tbe  rat«  at  whiim  the  gaa  in  being  prodaced,  the  gu 
which  haa  alraady  been  eihauat«)  and  driiea  to  tbe  pvriflent  escapes  aguD  into  tba 
anctioD  tabe. 

In  some  vorksthe  gaa  ia  next  made  to  bubble  up  through  mitor  in  the  vaahara; 
in  othera  it  paaaea  directlj  to  the  scrubber.  This  ia  ixinstnictal  on  the  aama 
prindple  oa  Qosasge's  towers  for  the  randGtiaation  of  hydrochloric  acid  gaa,  and 
ia  repreaaatad  in  flga.  481  and  482.  It  raiwinta  of  ooa  or  more  caat-iron  cylindaia  or 
aqoare  chambers  (d  n),  the  interior  of  which  is  aepaisted  into  two  parts  b;a  partition 
reaching  from  the  top  almost  to  the  bottom.  Theeo  compartmontH  are  fUled  almoat 
to  the  lida  with  a  porona  material,  aauallj  coke,  the  extenaire  aurface  of  which  with- 
draw* from  tlie  gaa  a  considarable  portion  of  the  arumoniacal  enmpoanda,  and  nearly 

Fia.  4Sl. 


all  the  remaining  t«f.  This  effect  is  increaaed  bj  kee^ng  the  coke  moiataned  with 
dilute  ammonia  liquor  from  (he  hyilrauUc  main,  which  absorbs  sulphnrettad  hydro- 
gen, and  the  resulting  ammonium  solphydrate  combines  vilh  carbon  dianlphide. 
The  coke  nturated  with  tnr  ia  aftermuda  used  for  heating  the  retorti.  The  gaa 
enters  the  rigilt-hand  cranpartment  through  a  pipe  (&  n  c),  passes  through  the  coke  to 
the  bottom,  riaes  through  that  io  the  Icf^-haml  compartment  and  eacapea  throiwb 
another  pipe  (fo).  In  caaaa  where  pnrtieles  of  tar  adhere  very  pcrtinaeiDUily  lo  we 
gas,  or  where  it  is  important  to  remove  the  last  traces  of  it.  the  scrubber  ia  combined 
with  shallow  cast-iron  chambers  (x)  haring  a  large  horiznntal  arpa.  in  whirfa  lie 
wooden  hsrdlea  covered  with  n  iooao  layer  of  coke  refuse,  hrukon  clay  retorts,  etc 
The  last  traces  of  tar  condense  hero,  ;ind  the  gaa  entering  fnim  h  and  i.  after  paaaing 
throui;h  three  layers  of  hurdles  in  the  boxes  (x),  leaves  through  the  pipe  (i.)  fix  tba 
puriflers.  abedntely  free  from  liir. 
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The  gas  should  leaye  the  condenser  at  a  low  temperature,  for  the  cooler  the  gas 
as  it  enters  the  scrubbers,  the  greater  is  the  purification  they  effect.  At  this  stage  all 
the. remaining  ammonia,  mainly  in  combination  with  carbonic  acid  and  sulphuretted 
hydrogen,  is  removed,  and  the  solution  thus  obtained  is  used  for  the  manumcture  of 
ammoniacal  salts.  The  average  amount  of  ammoniacal  liquor  thus  obtained  from  the 
scrubbers  and  condensers  is  estimated  at  about  20  to  26  gallons  of  10  oz.  liquor  per 
ton  of  coal. 

Besides  these  constituents  of  gas  liquor,  there  are  many  others,  including  sul- 
phurous acid,  sulphuric  acid,  cyanic  add,  sulphocyanic  acid,  and  hyposulphurous  acid, 
and  a  small  quantity  of  free  ammonia. 

Up  to  this  point,  with  the  partial  exception  of  the  scrubber,  the  purification  of  the 
gas  has  been  mechanical.  Thus  the  gas  before  reaching  the  condenser  deposits  in  the 
hydraulic  main  some  of  the  heavier  tarry  matter  and  water  containing  ammonia  in 
solution.  The  amount  of  liquid  tar  deposited  in  the  condenser  is  greater,  and  the  am- 
monia liquor  amounts  to  about  9  gallons  of  6  or  7  oz.  strength  to  the  ton  of  coal ; 
this  represents  about  one  fourth  of  the  total  ammonia  present  in  unpurified  gas. 

Sometimes  dilute  sulphuric  acid  is  employed  in  the  washers  to  fix  the  ammonia, 
but  this  plan  is  only  used  in  certain  small  works ;  it  has  the  advantage  of  pro- 
ducing sulphate  of  ammonia  direct,  but  the  product  requires  purification  by  recr^'s- 
tallisation  before  it  is  ready  for  the  market. 

Here  and  there  sulphate  of  iron  is  employed  in  the  purifiers  for  the  removal  of 
ammonia  and  sulphuretted  hydrogen ;  its  use  is  based  upon  the  following  reactions : 


(1)  FeS04  +   2NH4HO  =  2NH4.SO4  +  FeO   + 
(2)  FeO  +  H^  =  FeS  +  H,0 


H,0 


Ordinarily,  however,  the  ammonia  is  removed  from  coal  gas  by  the  process  first 
described.  Its  removal  from  coal  gas  is  desirable  not  only  because  of  the  value  of 
ammonia,  but  also  on  sanitary  grounds.  During  combustion  of  the  gas  any  ammonia 
present  is  liable  to  conversion  by  oxidation  into  nitrous  compounds,  and  these  are  not 
only  deleterious  to  health,  but  act  injuriously  on  brass  and  other  metal  fittings. 


M: 


Fig.  483. 


Fio.  484. 


The  impurities  still  requiring  to  be  removed  from  the  gas  before  it  is  fit  for  use 
are  carbonic  dioxide  and  sulphuretted  hydrogen. 

To  remove  the  carbonic  acid  frt)m  gas  nothing  is  more  efficient  than  lime,  which 
also  absorbs  the  sulphuretted  hydrogen  when  used  either  in  the  state  of  milk  of 
lime  or  simply  slaked. 

Although  wet  lime  is  more  effectual  as  a  purifier  than  dry  lime,  its  use  is  open  to 
many  objections,  so  that  now,  if  lime  is  used  at  all,  it  is  almost  invariably  used  in  the 
dry  state. 

Cubic  fbet  of  Cubic  feet  of 

Solphoretted  bydiogen       Oftrbonio  acid 
lib.  of  quick  lime  in  the  dry  state  absorbs         6'78         and         3*39 
lib.  of         „  „        wet        „        „  6*78         and         6-78 

The  vessels  in  which  the  gas  is  submitted  to  the  action  of  dry  lime  consist  of 
sheet-iron  boxes  fitted  with  a  water 

joint,  into  which  the  cover  dips  and  ^ ^ 

prevents  escape  of  gas,  as  shown  in 
figs.  483,  484  and  486,  which  repre- 
sent an  elevation,  and  two  sections      "^L s Jl s. 

of  one  of  these  purifiers.    The  gas 

enters  at   the  bottom,  and  passes 

up  throng  the  purifying  material 

spread  upon  the  shelves  on  one  side 

oz  the  central  partition,  and  then 

down  through  the  shelves  on  the 

opposite  side  to  an  exit  pipe  at  the  y^^  435 

bottom  (fig.  488). 

Z/. 


B 


.» 
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Savsnl  of  these  chwnben  an  connected  togeUiM,  and  the  gw  in  made  Is  pwi 
through  tb«in  MiGcewirelj.  A  untal  knangansnt  it  repnsentcd  bj  Bg.  4flC, 
wherr  four  dmrnbere  (r  i.  to  B  it.)  «k  connMted  together  ia  well  &  muuwr  that. 


Fio.  i86. 
while  U17  thraeof  then  are  being  Mad  the  gai  is  dint  off  from  the  fborth,  in  order  to 
mmoTe  the  eihaiuted  purifjins  material  and  replace  it  witb  a  fiwih  mpplj.    The 

gas  is  admitted  to  these  chombera  from  the  main  through  irliich  the  unpDTiflsd  gw 
passes  by  openiog  the  v;i1vob  (b,  to  ■,)  in  Uie  connecting  pipes.  Tbe  valves  fc,  to  n^ 
etc)  lice  for  connecting  thf  sercml  cliiunbeni  with  each  other  as  ina}>  be  reqaired,  sad 
the  valves  (1,  to  k,)  are  for  letting  out  the  puriGed  gas.  If  the  chamber  (b  n.)  is  to  be 
cleared  out  and  charged  witb  fresh  material,  the  gas  enters  the  chamber  (b  m.) 
through  the  valve  (e,),  passes  through  v,  to  the  chamber  b  iv.,  tbltmgh  c,  to  the 
chamber  b„  sad  then  through  the  valve  k,  to  tbe  main  for  purified  ^bb. 

Another  matarlal  U9pd  for  purifying  gas  is  hydrated  ferric  oiide,  which  ftbautbs 
the  sulphuretted  hydrogen  very  effectu^ly. 

In  tbe  gas  purifiera  oxide  uf  iron  ia  aometimea  used  alone  :  but  this  plan,  while  it 
eSectually  removes  the  solpburetted  hydrogen  aad  admits  of  coDststit  regenentico 
of  the  purifying  material  nnd  utilisation  of  the  sulphur,  has  tho  disadvantage  of  allowilg 
the  carbonic  anhydride  present  in  the  ^  to  escape  removal.  On  the  other  hand, 
slaked  or  moist  lime  absorbs  both  impurities,  but  the  sulphur  cannot  be  utilised. 

A  miKtiire  of  slaked  lime  sad  peroxide  of  iron  la  still  latcely  need,  although  mon 
generally  peroiide  of  iron  ia  used  without  lime,  but  mixed  with  sawdust  to  give  it 
porosity.  Feroiids  of  iron  occurs  in  a  hydrated  state  naturallj  as  bog  irm  ochre,  and 
this  constitatss  the  material  usually  employed  in  gns  purification.  The  creditc' 
having  brought  this  process  to  perfection  ia  due  to  Hr.  Hilts.  To  carry  it  into  cdFect, 
the  gas  to  be  purified  is  passed  through  the  mixtnre  of  ferric  oxide  and  sawdnst  ttt 
a  period  of  18  hours,  aad  by  the  reaction  of  the  ferric  oxide  with  the  solphuretlad 
hydrogen  ferrous  anlpbide  and  water  are  formed,  while  sulphur  ii  liberated  : 

Fo,0,   +   3H^  =   2FeS  +  S   +   3H,0, 
after  which  the  miitnre  is  sulgected  to  a  current  of  ur  prodoced  by  a  fanner  dnriig 
a  period  of  three  hount.     In  this  way  the  ferrous  sulphide  formed  by  the  nrtion  of  tha 
tulphurett^d  hydrogen  upon  the  oxide  of  iron  undergoes  oxidation,  giving  once  mm 
ferric  oxide  and  free  sulphur,  thus : — 

2Fe8  +   0,   -  Fe,0,   -1-   3, 

Thete  processes  are  repeated  and  continued  nntil  the  prodnet  contains  as  much  m 
40  per  cent,  of  sulpbnr,  and  1  ton  of  this  miitnre  ia  said  to  yield,  when  bnmt  for  sul- 
phuric arid  making,  1  ^  tons  of  hydrated  sulphuric  acid.  About  once  a  month  a  certain 
amount  of  the  oxide  of  iron  has  to  be  replaced,  owing  to  the  bottom  layer  becoming 
clogged  with  tar ;  but  the  loaa  thus  occasioned  is  not  very  great. 

In  addition  to  Bnlphuretled  hydrogen  and  carbonic  anhydride,  there  HTe  othar  in- 
purities  which  it  is  desirable  to  remove  from  coal  gas,  notably  e«rbaa  dimlphide 
and  enlphuretted  hydrocarbons ;  all  of  which  when  burnt  in  the  air  form  nlphnioas 
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acid.  Mr.  Wright  has  ascertained  that  if  a  moderate  temperature  be  employed  in 
distilling  the  coal  used  for  ^as-producing,  the  amount  of  these  substances  is  reduced 
VBTj  considerably,  but  this  is  a  remedy  not  likely  to  be  adopted  to  any  great  extent. 
It  is  therefore  important  to  find  other  means  of  obviating  this  evil. 

Mr.  Harcourt  has  attempted  to  meet  it  by  a  process  which  consists  in  passing  the 
gas  through  heated  tubes  containing  lime  or  other  substance,  when  sulphuretted  hy- 
drogen is  produced  by  decomposition  of  the  bisulphide  of  carbon.  This  action  is  not 
peculiar  to  lime ;  almost  any  material  will  act  like  it ;  hence  it  appears  to  result  from 
physical  rather  than  chemical  causes.  When  the  process  was  used  on  a  large  scale, 
nowever,  it  was  found  that  after  a  time  the  catalytic  substance  became  inactive,  and 
the  difficulty  thus  experienced  has  not  yet  been  surmounted.  If  it  could  be,  it  would 
be  easy  to  apply  this  process  to  coal  gas  before  it  passes  to  the  purifiers  which 
remove  the  sulphuretted  hydrogen ;  the  problem  of  removing  the  bisulphide  of  carbon 
from  coal  gas  must  therefore  still  be  regarded  as  unsolved. 

The  following  table,  rej^resenting  the  composition  of  the  gas  taken  fVom  different 
parts  of  the  apparatus,  will  serve  to  show  the  effect  product  by  different  stages  of 
the  purification : — 


Hydrogen 
Marsh  gas 
Carbonic  oxide 
Heavy  hydrocarbons 
Nitrogen    . 
Oxygen 

Carbonic  dioxide 
Sulphuntted  hydrogen 
Ammonia  . 


From 
oondcnaer 


37-97 
39-78 
7-31 
419 
4-81 
0-31 
3-72 
106 
0-95 


From 
scrubber 


37-97 
38-81 
716 
4-66 
4-99 
0-47 
3-87 
1*47 
0-54 


From 
puriflem 


37-97 
40-29 
3-93 
4-66 
7-86 
0-48 
8-38 
0-36 


37-97 
39-37 
3-97 
4-29 
9-99 
0-61 
0-41 


These  quantities,  in  parts  by  measure  in  1,000  cubic  feet,  are  as  follow :— 


Hydrogen .        .        .        .        • 
Mmh  gas         .        .        .        . 
Carbonic  oxide  . 
Heavy  hydrocarbons  . 
Nitrogen    ..... 

Oxygen 

Oarbonic  dioxide 
Sulphuretted  hydrogen 
Ammonia           .... 

From 
condenser 

From 
scmbber 

From 
wasbar 

From 
pnrlflers 

880 
390 
72 
42 
48 
8 
40 
16 
10 

380 
388 

71 
46 
50 

6 
39 
15 

5 

380 

384 

71 

46 

69 

2 

34 

6 

380 

403 

89 

46 

79 

6 

38 

3 

380 

394 

30 

48 

100 

6 

4 

1000 

999 

990 

088 

966 

After  leaving  the  purifiers,  the  preparation  of  the  gas  is  complete,  and  it  only  has 
to  pass  throuffh  the  station  meter  where  the  daily  make  is  registered,  from  whence  it 
passes  on  to  the  gas  holder,  where  it  is  stored. 

As  supplied  to  consumers,  coal  gas  has  a  composition  shown  by  the  following  table, 
giving  the  average  composition  of  coal  gas  supplied  by  the  companies  named : — 


I 


Illuminating  hydrocarbons  . 
Marsh  gas  .... 
Hydrogen   .... 
Oarbonic  oxide    . 
Oarbonic  acid 

mtrogen     .... 
Oxygen       .        .        .        . 


Great  Oentnl 


3-66 
36*28 
61-24 
7-40 
0-28 
1-80 
0-44 

100-00 


Imperial 


8*67 
40-66 
41-15 
8-02 
0*29 
601 
1-20 

100*00 


Chartered 


8-63 
86-26 
51-80 

8-95 

0-38 
0*08 

100H)0 
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uf  »  ejlindrical  vesBtl  made  of  iliMt  iron,  corerad  at  the  U>p  and  o^q  at  the  botbn. 
This  ii  plac«d  in  a  aimk  pi  t,  lined  Tith  maioniy  (c  c  c), 
of  a.  somewhat  greater  diametflr  thsn  the  cjlinden, 
and  capable  of  being  Qlled  Titb  vater.  8u<:h  a  gtt 
boMsr  ia  repreeented  in  fig.  48T.  Into  this  baaii 
project  sereral  iiicbea  aboie  the  level  of  the  wbIm, 
and  anpported  hy  a  wall  (r).  the  inlet  and  ontlet 
pipes  (d).  As  there  is  a  liabilitj  of  condeoMd 
TTiiter,  tat,  etc,  collecting  in  the  lower  part  of  these 
pipes,  they  elope  slightly  to  the  outside  of  the  basin, 
where  the  accumalated  Eubstances  e&n  be  nmoTed 
by  a  liand-pump. 

The  passage  of  the  gas  in  either  of  the  tabei 
ran  be  s[  opped  by  a  valve  of  the  kind  represented  in 
fig.  *S8.  This  Take  consists  of  a  bell-shaped  ooTer 
.  fitting  over  the  end  of  the  inlet  pipe  (t),  and 
dipping  into  tar  or  wHter  retained  roond  the  end  of 
the  pipe  by  an  outer  casing,  to  the  side  of  which  th* 
outlet  pipe  (n)  is  attached.  While  this  bell-shapMl 
cover  is  in  the  poeition  shown  in  the  drawing,  tha 
ralve  is  closed,  but  whuti  it  is  raised  by  ueaiii  of 
the  connecting  rod  and  windlass  above,  commnnies- 
tJon  is  established  between  the  inlet  and  onttel 
pipes. 

The  upper  and  lower  edges  of  the  giu  holder  on 
etrcnsthened  by  wrought  iron  rings  (rrw,  fig.  4S7). 
and  the  sides  are  strengthened  by  vertical  ribs  (n  o) 
of  angle  iron.     The  CTlindor   is    capable  of  being 
,   raised  as  it  becomes  filled  with  gas,  aad  the  rollers 
{ii)  attached  hi  the  upper  ring,  mnnpon  guide  bais 
attached  to  the  pillan  (k  k). 
is  delivered  fbr  consumption,  it  is  requisit*  it  should 
l«  measar«d.    The  mstiM  enuilayed  for  this  pui^oee  are  distingnished  as  wet  m«t«is 
and  dry  meters,  and  they  are  fixed  to  the  supply  pipe  in  each  house.    Theeo 


Fro.  488. 
Jit  l^eter.—BefoTe  the  gas  is 


OAS  MBTSBS. 


I  fA  coaUinlng  water  at  the  lower  and.  Fram 
cdiwnbaT  it  n&sies  through  Uio  tube  (e)  and 
A  the  Istorsl  tube  (/)  into  the  large  cjlin- 
rchamber  {b  b),  and  then  rieps  through  the 
(a)  into  the  frost  space  (A)  of  the  dram  (c). 
n  ia  closed  at  the  bafk  (i),  and  mstii  upon 


U)  into 


theh 


MOoi 


side,  ai 


on  apnlongatioa  (^  rhetuhe  (/).  The  interior 
:e  u  not  parallel  to  the  uiiH,  but  aepamted  bj 
paititiona  placed  at  an  incline  from  one  side  of 
ran  to  th«  otlier>  ao  aa  Co  form  four  wparstn 
ban.  The  back  {i)  hu  fgnr  slita  aad  thua 
<  tiM  wings  («  •  a  p,  fig.  4D0),  aitoated  at  right 
•  with  the  portitiona.    The  gas  bjr  its  prcsaore 

the  dnun,  and  aa  the  fiaanre  belonging  to  each 
bar  ia  rsiaed  above  the  water  Ut^I,  the  gaa  eacap 
Ma  thnni^  the  tnbe  (r)  to  the  burcen.    3j 

~n  water,  and  lowera  the  ler'    ' — ■— --  ■>-- 


Fio.  490. 


othett 


jofgi 


Iq).  from  which 
of  tempecaturo  the  gne 
of  water  ia  the  meter.  When  this  takra  place, 
.  He(u)cloM8  theapertare(c),BoaB  toshntoiTthe 
idlciiting  that  the  meter  ia  deficient  in  water.  In  order  Co  preroDt 
rheinppnt  in,80Mtofill  thBCnbeB(«/y),  the  tnbe  (e)  haa  a  ptolonga- 
dipa  into  ■  email  reaerroir  (x),  filled  wiUi  water  up  to  the  1.  — '  -'  '•  - 


tr  haa  been  filled  to  the  proper  Icrol.     The  »c 

i^tlmeedat  ancha  height  from  the  bottom  of  the  rcacrvoir  (z),  that  the  colnmn  of 
I*  equal  to  a  preeanre  of  somewhat  leaa  than  four  inchea,  and  thna  gaa  is  pre* 
1  ftran  escapiog  through  the  hole  into  which  the  acre*  (»)  fits, 
lie  wet  meter,  when  well  eonatructed,  meaeurea  Tery  acmmtclj,  And  raqoirea 
1  alight  pmnue  of  gaa  to  work  it  i  hot  it  ia  liable  to  denngement  b;  alCtrration 


710  ARTIFICIAL  LIOHTINO. 

of  Mmpenbirc.  It  hu  therefore  to  a  greet  extent  beea  superseded  by  Ih*  dnneter, 
which  cuniiats  a!  ehembeni  uf  deflnila  capacity,  and  capiiMe  of  being  azpradad  asd 
contracted.  In  bodl  cases  the  qaantity  of  gait  passing  through  the  meter  u  indicated 
by  a  doekwotk  an»ngeiD«nt. 

Tie     ffiyulafcir.— The    varying 

SrciiBure  of  the  gas  in  the  matna 
Dpends  upon  the  distaDce  between 
the  gaa  works  and  the  place  where 
the  gsa  is  coiumnsd,  and  fi>T  this 
reason  it  is  desirable  to  hare  regn- 
Utors  cunni^cted  with  tha  gM 
BUpply  of  each  home,  id  order  to 


«of  B 


amall  metal  bell, 
casing,  par- 


mrrangod 
tinlly  filled  vith  water,  that  .  . 
nused  by  increasing  preaanre  of  tile 
gas,  and  entirely  cloaes  a  oooical 
mire  conneuted  with  it  throng 
which  the  gaa  pasaes ;  while,  OB 
the  contmry.  with  deeieadng  ptM- 
aare  the  bell  sinks  uid  opena  tin 
ralve  wider.  A  regulator  of  this 
cunstmction  is  represented  by  figs. 
4S1  and  193.  At  the  centre  is  ths 
nilTe  (c)  thrungh  which  the  gas 
posses  attached  by  a  chtun  to  the 
riell  (d),  and  wheo  it  is  in  the  poai- 
'  "'  '  nwiiig,  the  gas 
M  rely  shut  off.    W 


1>e11  (d),  ant  of  which  it  pus« 
through  the  pipes  (i.  i)  to  the 
burnere.  The  pressure  of  the  gas 
on  the  bell  (d)  is  regulated  by  add- 
ing or  remoTing  cast-tron  diskn 
through  the  opening  (ci)  »t  the  t<fi 
of  the  casing  (r).  vithiu  which  the 
l«ll  is  fitted.  To  the  top  of  this 
casing  is  fixed  a  tube  (a)  which  is 
upen  to  the  air  and  carries  at  the 
end  a  small  light  metal  disk,  so 
that  when  throogh  any  accident 
the  water  lerel  in  ths  casing  (i) 
falls  boo  low,  or  from  any  other 
reason  gaH  escajwe,  it  is  discharged 
outside  the  building.  In  order  to 
maintain  n  constant  lerel  of  liqaid  in 
the  casing  (s).  glycerine  of  1113  sp. 
gr.  is  used  mslead  of  water. 

The  membrane  regulatoi*  are 
preferable  to  thuae  just  described. 
The  construction  of  one  form  of 
this  apparatus  is  reprcHenleil  bj 
fig.  493.  The  gaa  enters  by  the 
supply  pipe  (a.)  and  is  discharged 
through  the  pipe  n,  after  passing 
through  the  chamber  (c)  which  it 
curered  at  the  tup  with  an  imper- 
rious  flexible  memlirane  fn),  to  the 
centre  of  which  is  uitached  a  lod 
(f),  carrying  at  one  end  a  conieal 
ping  (b)  by^  which  the  openios  of 
lower  pottioo   of  tha  -<MMffr 


W 
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•d  wboD  the  membraae  U  pressed  apwftrda.    The  tMulon  rpqnisita  for 

ma;  be  reguluc«d  l<y  buitabl;  loading  the  Urar  (i)  to  which  the  nppeF 
od  (f)  im  attiLched,  nnil  for  this  porpoee  the  lover  c&rrieB  a  ilidiEig 
Ueh  WD  be  fixed  at  any  part  of  the  lever  by  meoni  of  a  screw.  The 
gaaie  therefore  regulated  by  adjnstiiigtlie  weight  (k),  and  thegas  eecspea 
ongh  the  pipe  (a)  at  the  pi-eeeu™  reqnired. 

nntamed  in  street  lamps  is  not  meaanred,  but  the  quantity  burnt  within 
is  ragolatrd  by  a  tap,  set  to  allow  the  gas  to  pass  under  a  definite  prat- 
«ain  mte.  The  plan,  how- 
n  to  objection,  and  in  aome 
irane  n^fuIalorB  are  fixed  tii 
in  the  manner  represented  by 
he  gas  in  passing  from  Ibr 
d)  to  thi'  burner  is  njiidu  In 

the  vuai^l  (A  a)  fitted  with  ii 
iaphragm  (a  b),  to  the  centre 
,ttached  a  rod  (■)  cunrinc  u 
lis  ebomber  (a  a)  is  divided 


■on,  the  membrunt'  is  forced 

0  llie   Dppra  part,  and   tbc 
ing  IhuB  raised,  it  contraclH 
by  which  the  gas  enters  fruni 
ipe  (c)  below. 
inmber  of  proposed  imprnre- 

1  production  have  Wen  suj, 
o^ing  la  one  the  coul  m  dia 
inch  low<r  temperature  than 
beace  it  lakes  about  double 
'  tiDie  The  gas  thus  pro 
high  illuminating  power  ind 
t  oily  tar  is  obtained  whicli 
I  submitted  alsotodeBtnidivt 

thus   funuahinf,    a    fuithir 

KrmaneQt  gas  Praclicalh 
tiODS  arc  (inducted  BUnul 
le  combined  remit  being  lb  it 
1  of  gas  IB  obtained  of  somc- 
iUnminating  power  than  naual 
to  the  lower  timperaluco  of 
containing  less  sulphur  coin 

the  gas  made  by  theotdinur} 

special  apparatus  is  requirt-il 
llfatiun  of  the  oil  and  tbe  nd- 
it,  labonr,  and  fuel  rcquirt-d 
ha  farourablD  results. 

system  aimed  at  continuuui 
id  constant  and  regular  ro- 
)le  gas  produced.  It  vas 
ffect  this  by  intrudacing  tbc 
vertical    retorts,    through    a 

revolving  screv  down  tbniugh 

oftb«  retort,  rcuchingtlic  bottoi 

le  cool  to  the  free  revolulLon  of  the  screw  proved  an  insuperable  difflenlly 

ass,  which  otherwise  promised  to  yield  satisfactory  results. 

av>  also  bsDn  a  number  of  proceshra  propoiad  fur  producing  gas  suitable 

purposes  from  Htoam.  and  when  further  treated  fbr  the  purposes  of  illu- 

rhese  consist  iu  admitting  st.'am  into  retorts  charged  with  cool  or  coke, 

mperature.    The  steam  is  thus  dccompossd  and  tbe  hydrogen  set  frep ; 

b;  oiidation  of  tbe  coke  in  partly  converted  into  carbonic  anhydride,  and 

iction  with  mom  ml-hut  euko  bi'comcs  partially  tnuinformed  into  carbonic 

lat  the  altimal«  result  is  a  non-illuminatinggas  which  consists  of  bydtogen, 

de.  and  carbonic  anhydride.    To  give  it  iiliuninating  power  it  is  pasaed 

rolenm  spirit,  and  thus  saturated  with  that  vapour,  or  the  petrolsnn  is 

and  tha  vapour  mixed  with  the  gasei. 

othsr  processes  have  been  suggeitsd  for  making  gaseous  mixtures  of  cu 
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bonic  oxide  and  hydrogen,  or  carbonic  oxide  alone,  for  use  as  fuel,  bnt^  with  the 
exception  of  the  method  already  described  at  page  589,  and  the  application  of  the 
combofitiblo  gas  from  iron  smelting  furnaces,  none  of  them  demand  special  attantioii, 
since  none  have  so  &r  achieyed  commercial  success. 

The  gas  evolved  in  the  distillation  of  coal,  bituminous  shale,  or  other  nmilar 
materials,  for  the  production  of  hydrocarbon  oil,  has  generally  a  high  iUmninating 
power,  since  it  contains  in  large  proportion  the  vapour  of  the  more  volatile  hydro- 
carbons produced  in  the  operation.  In  large  works  this  gas  is  produced  in  roch 
quantity,  that  it  is  very  much  in  excess  of  the  requirements  of  lighting  the  bnildingi 
belonging  to  the  works,  and  it  is  generally  turned  to  account  by  burning  it  under  the 
retorts  in  which  the  coiil  or  shale  is  distilled.  Attempts  have  also  been  made  to 
convey  the  gas,  thus  produced  in  oil  works,  through  pipes  to  the  neighbooring 
towns,  and  there  to  utilise  it  for  purposes  of  illumination.  It  is,  however,  probaUa 
that  in  this  case  the  illuminating  power  of  the  gas  would  be  too  much  rednoed  by 
the  condensation  of  the  hydrocarbon  vapours  if  the  places  to  which  the  gas  had  to  m 
carried  were  situated  at  a  very  considerable  distance  from  the  works  where  it  wu 
produced. 

Carfmrettinff  Gob, — Various  plans  of  causing  any  kind  of  gas  to  become  Batunted 
with  coal  tar,  naphtha,  or  petroleum  vapour,  have  been  proposed  with  the  object  of 
augmenting  the  illuminating  power. 

Air  saturated  with  the  vapour  of  volatile  hydrocarbons  has  frequently  bean  po- 
posed  as  a  substitute  for  coal  gas,  and  if  used  at  once,  the  mixture  serves  vezy  wdl  fbr 
the  purposes  of  illumination ;  but  when  it  is  attempted  to  conduct  the  air  gas  through 
any  length  of  pipes,  the  deposition  of  the  hydrocarbon  vapour  reduces  the  quality  of 
the  gas. 

&e  extent  to  which  the  illuminating  power  of  such  gas,  prepared  with  petrolema 
spirit,  depends  upon  the  temperature,  is  illustrated  by  Uio  following  table,  ahoinng 
tne  percentage  of  vapour  present  in  the  air  gas  at  different  temperatures,  when  petro- 
leum spirit  of  0*650  sp.  gr.  is  used : — 


Temperature 
10*>  =  14°  F 
0°  =  82° 
10°  =.  50° 


Peroentago 
67 
10-7 
17-5 


Tempentare 
15°  =  60° 
20°  =  68° 
40°  =  104° 


22-0 
270 
39*0 


These  quantities  correspond  with  the  tension  of  this  vapour  at  the  several  tem- 
peratures, which  varies  as  follows , — 


Temperature 
10°  =  14°  F 
0°  =  32° 
10°  -  60° 


Vapour  tension 
43*5  mm. 
81*0 
132*0 


tr 


11 


Temperatoro 
16°  =  60° 
20°  =  68° 
40°  =  104° 


YapoorTtaaloo 
167*0  nun. 
2030    „ 
301*0 


n 


One  of  the  chief  difficulties  attending  the  production  of  this  gas  consists  in  ob- 
taining a  supply  of  suitable  volatile  hydrocarbon.  Benzol,  or  the  more  volatile  portion 
of  gas-tar  naphtha,  being  much  in  demand  for  other  purposes,  bears  too  high  a  price  to 
be  used  for  making  air  gas,  or  for  carburetting.  The  more  volatile  portion  of  petro- 
leum has  been  therefore  chiefly  employed,  and,  as  will  be  seen  from  the  following 
table,  the  substances  present  in  oil  that  does  not  exceed  the  specific  gravity  of  0*660 
have  a  high  degree  of  volatility :—     ' 


Speoiflc  gravity 

BoUing  point 

Spodflc  gravity 

Boiling  pohit 

0*600 

4° 

0-726 

1180 

0*628 

30° 

0-741 

136° 

0-669 

.      68° 

0*757 

160° 

0-699 

92° 

This  portion  of  the  distillate  obtained  in  refining  petroleum  or  shale  oil  is  nnsuited 
for  burning  in  lamps,  and  under  certain  conditions,  such  as  the  lighting  of  countzy 
houses  and  remote  villages,  its  conversion  into  atmospheric  gas  may  be  conveniently 
carried  out ;  but  the  supply  of  a  sufficiently  volatile  portion  of  petroleum  or  shale  oil 
is  too  small  to  admit  of  competition  with  ordinary  coal  gas.  The  gas  obtained  in  this 
way  from  the  volatile  petroleum  spirit  has  a  density  of  1*2  as  compared  with  air,  and 
it  consists  of  about  70  per  cent  of  atmospheric  air,  with  about  30  per  cent  of 
hydrocarbon  vapour.  When  burnt  at  the  rate  of  3^  cubic  feet  an  hour  in  one  of  Sogg^s 
argand  burners,  such  gas  will  give  a  light  equal  to  about  18  candles. 

Fat,  resin,  and  the  tarry  residue  left  in  distilling  petroleum  or  shale  oil  nme- 
times  serve  as  materials  for  making  gas,  and  although  in  eeneral  they  are  too  oostly 
for  ordinary  use,  they  are  sometimes  preferable  to  coal,  and  when  the  anbtidiaiy  pro- 
ducts of  petroleum  or  paraffin  oil  refineries  are  used,  the  gas  produced  requires  but 
little  purification. 
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itorta  naad  ue  somstunes  borizontal,  and  anangei  in  much  the  ume  nuDnai 
■ad  in  making  coal  gas.  The  oil  i<  supplied  in  a  cODtinaaDB  itream,  and  m 
HM  thfl  vapour  pnsaee  ihrongh  i  discharge  tube  into  another  retort  of  nar- 
tamoja,  irhich  is  kept  at  a  bright  red  heat,  where  the  oil  vapour,  coming  into 
Ith  the  sides  of  the  >«d-bot  retort,  is  decomposed  and  cooTerted  into  gas. 
the  hjdrBDlie main  the  gaspoueg  toaMrieiof  rertlcal  condeneer  pipes,  Thsrs 
nine  suspended  paitjclea  of  oil  are  separated  ;  then  into  a  washing  appaiatne 
jMchaiged  with  slacked  lime,  which  extract  traces  of  snlphnrstted  hjdtogen, 
the  carbonic  dionde,  before  the  gas  is  sent  into  the  gaa  holder. 
dog  oil  gas  the  oie  of  on  eihanster  does  not  seem  desirable,  siooe  in  tbis 
[milongBd  oontact  of  tbe  oil  vapinr  with  the  sides  of  the  red-hot  retorts 
MBBOre  of  3  or  4  inches  is  leoniaite  for  the  production  of  the  gas  in  such  a 
that  it  will  bum  without  prodncing  smoke. 

'etorta  of  the  kind  abore  described,  about  S8  Iba.  of  poiaffln  oil  can  b«  de- 
Mr  hour,  and'  the  yield  of  gas  obtained  amounts  to  about  1000  cubic  feet 
The  snceesi  of  the  opsration  depends  largely  upon  the  adaptation  of  the  oil 
1  the  muntenance  of  the  sides  of  the  ratings  at  a  nnifonn  red  heat ;  both 
being  difficnit  to  secure,  the  result  is  that  the  yield  of  gas  is  often  much 
avsiage,  aad  then  is  a  proportionate  increase  in  the  amount  of  ths  liquid 


t(.196and4es.  Thebodyof 
is  formed  bja  slightly  coni- 
on  tob*  (a  a)  closed  above 
and  protected  bya  flre-clay 
Jie  lower  end.  This  retort 
by  a  Bne  winding  round  it 
nnicating  with  the  furnace 
I.    Tbe  oil  is  supplied  to  the 

Ssevend  funnel  tubes  (i) 
upper  end  of  the  retort 

manner   that  the  oil  mns 

heated  sides  and  is  there 

into  gas,  which  escapes 
le  central  tube  («)  into  the 
connected  with  the  hy 
un  (n)  The  tubes  (e  and 
imished  with  ta  arnnge 
by  which  depoeits  of  carbon 
ipe  of  coke  or  soot  can  be 
At   the   bottom    of    the 

a  noTsble  mouth  piece 
be  removed  by  loosening  the 
aad  the  aoot  or  other  ae 
u  can  then  be  dnwn  nut 
d  (r).     The   fine  running 

■ides  of  the  retort  is  fur- 
h  several  apertures  (Hi  i) 
■oot  and  ashes  can  be  re- 
sat  prodnced  irith  this  or- 
.  is  Teij  high  and  uniform, 
<»n  60  to  SO  pounds  of  oil 
iTsrted  into  gas  hourly,  and 
if  gHSatnonntB  to  1100  csbic 
irt.,  the  illuminating  power 

ii  fully  three  times  as 
hat  of  the  ordinary  coal  gas. 
mption  of  fuel  as  welt  as  tbe 
[Dind  are  less  than  with  the  horizontal  retorts,  and  owing  to  the  uniform 
r«  obtainable,  as  well  as  the  small  deposition  of  carbon  taking  place,  the 
t  a  long  time. 

I  has  a  specific  gravity  of  about  0*7  ranging  to  OG  when  the  heat  applied 
osiag  the  oil  ii  great,  and  when  it  is  loo  low  the  spedBe  gnnity  of  the  gal 
we  as  hich  as  09 ;  its  comporitiim  is  very  different  hxaa  that  of  coal  gas, 
l>j  the  foUmring  analyses: — 
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OlefiftDt  got  and  homologuea 
Msnh  gaa .        .        ,        . 
Hydrogen  .... 
Cftrbonic  oxide  . 
Nitragen     .... 


Gai  iumm  ma;  be  constrncted  on  one  of  Vwo  principles,  Kcordiog  to  tiip  dm  for 
wbich  they  ore  inteDded,  K  it  be  required  to  use  thp  biiraur  for  purpoSM  of  Jlltimiiia- 
ticin,  ltd  coDStraciioi]  dilfore  miLteriiilly  from  thiit  iulop1«d  when  the  burner  ia  in- 
teikded  for  lintjng  pnrpuBes,  It  has  Hlreiuiy  1>een  eiplninod  (p.  23)  that  fliune  ii 
merely  (•>£  heated  to,  and  mftintftiaed  by  its  own  combustion  at  nuch  b  lempeTsture, 
tbnt  it  emits  light  lU  well  aa  beat.  Bat  l^e  iilnminating  pover  of  coal  gas  is  nsenti- 
ally  doe  Ui  the  presence  in  it  of  dense  hydrocarbons  siidt  as  oletiaat  gas.  and  aot  to 
the  light  carbnretted  hydrogen  or  the  hydrogen  which  bums  with  seimely  auj  ligbL 
The  ptodaction  of  lijtht  in  this  case  has  beeo  attributed  to  tiie  fnct  Ihnt  these  dense 
hydrocarbons  split  ap  at  n  high  temperature  into  frpe  carbon,  anil  gHses  containing 
less  carbon  ;  and  although  in  any  case  the  ultimate  prodncta  of  their  comboatiOD  in 
carbonic  anhydride  and  wuler,  yet  the  evolution  of  light  is  to  soma  extent  referabls 
to  the  intensely  hasted  condition  of  the  particles  of  carbon  liberated  in  the  flams,  w  a 
result  of  thnt  decompoBitiou.  A  miitnre  of  coal  gaa,  with  a  soffleient  quantity  of  all 
to  effect  rapid  conibustioo,  bums  with  a  faint  blue  noa-luminous  flame,  and  no 
carbon  ia  deposited  upon  a  cold  plate  held  in  the  flams. 

It  huM  boweror  been  aacertuned  that  the  luminosity  of  flame  is  not  altogether  doe 
to  the  presence  of  solid  particles,  and  Franklaud  has  shown  that  marsh  gas  may  be 
mads  to  give  a  luminous  flame,  by  heating  lo  redness  the  gas  and  the  air  in  which  it 
ia  burnt.  He  has  also  shown  that  tie  lumiuosilj  of  flame  is  flngmsntfli  by  incrcass 
in  the  density  of  the  air  in  which  gaa  is  burnt,  so  that  tie  erolutiun  of  light  attandiiq 
combantion  is  a  complicated  phenomenon  influenced  by  a  raiistj  of  omditions: 

In  the  combnstlon  of  gas  for  illuminating  porposes,  the  form  of  the  flame  depend* 
upon  tbn  uatnre  of  the  aperture  from  which  the  gas  issues.  The  batwing  burner  i* 
formeil  by  a  narrow  slit  across  the  end  of  a  closed  tubs,  and  tic-  flnmo  has  the  siaps 
of  n  fao.  The  flsh-lail  burner  has  in  the  place  of  the  slit  two  convoi^infi  round  holes 
inclined  towards  each  otlier  at  an  angle  of  60°.  The  two  jet  b  of  gas  striking  againn 
pach  other  produce  a  flattened  Same. 

The  Argand  humor  conaista  of  an  nnnular  chamber,  tlio  upper  surface  of  which  is 
perforated  with  a  number  of  holes  from  which  the  gas  issues  in  small  jets,  and  is  thus 
brought  into  sufBcient  contact  with  iitmo»phet^c  air  to  insure  Famplot«  combustion. 
One  of  (he  l«3Sl  forma  of  Argiind  biimor  ia  that  introduced  by  3u(^  under  tlie  name 
of  the  London  burner,  the  construction  of  which  is  represented  by  fig.  -197. 

In  this  bnrniTtiio  joint  area  of  the  apertures  (/)  through  which  the  gns  esenpts 
is  much  greater  than  that  of  the  apertures  (g).  by  which  tlic  gas  passes  into  the  an- 
nular »p»ce  («),  and  thus  the  pressure  with  which 
the  gns  CHcapes  from  the  bnmcr  is  coiisijeraljy 
reduced.    There  is  cuiiseqnently  less  tendency  to 
niedianlcal  mixture  of  gas  and  air  at  the  surfaces 
of  contact,  and  the  flame  is  very  laminoas.    At 
the  neck  (a)  of  the  burner  is  flzod  a  conical  plog, 
f  which  flt«  into  the  contracted  port  Oi)  of  the 
lube  (c),  vboD  Ibc  nock  of  the.  burner  is  Krewed 
^  close  down  upon  the  tubo  (c),  but  by  inserting 
I  thin  paper  waahera  Iwtweon  this  tube  and  the 
'  neck  of  the  bumer,  tlip  siis  of  the  aperture  left 
between  the  tube  (l>)  and  the  conical  plug  nuy 
be  regulated  so  na  to  suit  the  nature  of  the  gu 
used,  and  the  pressure  under  which  it  is  supplied 
to  the  burner. 

When  gas  is  used  im  a  eource  of  beat,  it  may 
lie  burnt  cither  in  the  form  of  very  small  jets, 
formed  by  the  discharge  of  tlie  gas  through 
a  number  of  minute  aperture*  in  "  metal  pipe,  bent  into  the  form  of  a  ring,  or  it  may 
be  preriously  mixed  with  about  half  its  volume  of  air.  and  burnt  in  liia  state,  in 
what  is  termed  an  atmo^heric  bumer.  The  gas  then  bums  witli  a  bios  flamst  and 
does  not  deposit  soot.    The  sercral  parts  of  a  bninsr  of  this  kind  ai 
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.     WImh  Uu  pii«c  (A)  is  inserted  into  tli»  foot  (n)  u  shown  in  tha  dnviEo, 
pnmnn  from  ue  r"""^"  -*;-«  /-\  »k»«.k  «i..  ^l....i  /  j^   -^j  ^:«-^  _;.i.  -,_ 


□g  Uie  pliis(')  communi- 


applj  pipe  («)  through  tha  channel  ( /), 

tt  ill  thningh  ^  ^  into  the  HoIIot  apace  (i  i),     B;  tu     ' 

I  Mtnraen  e  and  /  maj  be  shut  off  u  &r  sa  required. 

notbar  BrrBnoement  of  aUnoapheric  bomar  ia  repreaanted  bj  fig.  43S.    It  coniiita 

ollow  Bheet-iran  cona  (&),  p^&llj  cloaed  U  the  bottom,  and  eovpred  at  Ap  top 

vim  gnuia.    Tha  gaa  ia  anpplied  to  the  interior  of  the  cone  through  the  tnbp  (a), 

and  the  mixture  of  ^  and  hit  buma  ubore 

b^  the  anrbce  of  the  wire  Rnaze.  which  ii  enffi- 

■■I  dentlf  flna  to  prerent  the  flame  from  being 

IH  eommunicatad  to  the  gas  beneslh  it. 


,^h' 


aiBg  to  the  high  iUamiDsting  powrr  of  oil 
ir  eonaompUon  ia  not  more  tlian  one-thirJ 
e>foiuth  aa  groU.  aa  when  ami  gaa  in  uaed. 
mnvres  of  the  buraars  are  therefore  ad- 
C  ao  that  under  a  preaaure  of  about  tj  Inch. 
Bantitj  OC  ffa  burnt  [wr  hour  ia  about  J 

Iwo  thia  gaa  ia  need  mixed  with  nir  for 
EDig  a  heating  Bame,  the  ontiiior^  Bunaen 
r  giTea  a  wauAj  flame,  and  ncet  vieiie  is  pro- 
I,  which  eausas  a  bad  amell.  Thost'  Inrau- 
seca  are  prcrented  bj  uaing  a  burner  of  tht' 
r«:tioD  rapresenled  bj  flg.  600.  The  inner 
(b)  baa  a  acrew  threwl  upon  which  a  rini^ 
tluve  arma  worka  up  or  down,  and  the 
\  part  of  the  chimney  (A)  ia  aoldeml  tA 
nu  of  this  ring.  Tlie  lawer  edge  (c)  of 
Umney  ia  gronnd  even  ao  as  to  fit  closely 
tha  ourfoce  of  the  foot  {d)  of  the  burner. 
nt  ■uztnra  of  the  g^  with  air  takes  place 
tabaw(a),  the  ur  being  drawn  in  Ihrongh 
laa(/)  by  the  gaa  flowing  through  the  tnbp 
ad  eaeaping  Som  the  apertora  (;).  A 
•    '         t  of  tha   gas   -""^    "-   '  '^- 


•  Iwi^t  of  IIm  ehimnej  a  clear  bhu 
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TcMie  dn  Motay  baa  iutrodowd  a  method  of  bnnuDg  higbtj  carburetted  gu  vith 
DijgsD,  in  Bpedoll;  comtrncted  bornsrs  of  the  kiad  rspreseDted  bj  fig.  GOl,  and  hu 
■uocMdcd  ID  producing  a  veij  much  greatei 
InmiDoas  effect. 

The  carbaDacaoiu  reaidae  or  coke  left  in 
the  retotta  in  mokhig  illmninating  gu  &oni 
coal  IB  an  important  sabmdiai;  product 
amonntjng  to  from  60  to  TS  per  c«nt.  b; 
*eigbt  of  the  coal  Torkcd.  Oaa  coke  is 
ssnerally  much  mora  bulky  than  the  coal 
ttom  which  it  is  piodnced,  and  in  nme 
cases  it  fornie  a  Jtry  convenient  fatd  ;  ita 
Tolna  in  this  ntp«ct  dependa  howemr 
upon  the  amonot  of  aah  which  it  contaiu. 
Some  kinds  of  csnnel  coal  which  yield  a 
large  amount  of  gas  contain  so  much  ia- 
combostible  material  that  the  coke  they 
yield  is  not  applicable  as  fuel. 

Ammoniacal  gas  liquor  is  another  im- 
portant subsidiary  product  which  is  largely 
nsed  for  the  manofacture  of  sulphate  of 
ammonia  by  boiling  the  liquor  with  lime  in 
an  iron  T«tort  and  pasaing  the  ammonia  pa 
thus  liberalad  into  leaden  yats  containmg 
sulphuric  acid  (see  pp.  49,  £2,  et  seg.) ;  as 
the  acid  becomes  neutralised,  and  therefore 
a  ciyBtallises  out  and  is  then  bsled  out  aitd 
laid  upon  racks  to  dniin  and  dry.    This  mauufscture  is  often  conducted  on  tlie  pre- 
mises of  the  ga*  works,  especiallj  in  the  north  of  England. 

The  tar  produced  in  gas  making  is  also  a  valuable  product,  and  has  within  the  IsM 
few  yea™  furnished  not  onlj  a  number  of  products  Osrfal  in  partJcnlar  manufactmta, 
as  for  instance,  naphtha  in  caoutchouc  working,  creasote  for  preserving  wood,  and 
pitch  for  asphalt  paving,  etc,  but  also  the  raw  materiel  of  several  new  broDcfaea  of 
industiy,  especially  the  beusol  naphtha  from  which  aniline  dyes  are  made,  and  anthlB' 
eene  which  is  now  the  source  of  artificial  madder.  Carbdic  add  also,  which  is  so 
largely  used  as  a  disinfectant  and  for  the  production  of  colours,  is  obtained  chiefly 
bom  coal  tar. 

Qas  tar  is  a  thick  black  liquid  having  a  deusity  from  1'120  to  I'lSO.  It  contains 
a  large  varictj  of  substances,  including  ammonia,  aniline,  picoline,  quinoline,  pyridine, 
acetic  add,  phenic  add,  losolic  and  bruuolic  acida;  also  benzene,  toluene,  cnmeni^ 
cjmene,  naphthalene,  anthracene,  chrjsene,  and  ^^ene. 

When  properly  distilled  it  yields  a  light  volatile  oil  called  coal  tar  naphtha,  a 
heavy  oil  of  high  boiling  point  called  dead  oil,  and  a  residue  of  pitch;  the  relative 
proportioiu  of  these  products  varying  according  to  the  kind  of  coals  from  which  the  tar 
IS  obtained. 


Pio.  601, 
concentrated,  the  sulphate  of  i 


Kq>bU» 

D«doU 

PiW. 

Common  ooiil  tar 

Ordinary  cannel  tar 

Boghead  cannel  tar 

3 
9 

16 

62 
60 
67 

36 
31 
18 

The  naphtha  so  obtained  is  largely  used  for  dissolving  caoutchouc. 

The  dead  oil  is  extensively  used  as  a  lubricator  for  machinery.  The  block  residue 
left  in  the  retorts  on  distillation  of  coal  tar,  and  called  pilch,  is  very  much  used  for 
making  certain  kinds  of  asphalt. 

The  distillation  of  coal  tar  is  coodaetad  on  an  extensive  scale,  as  a  distiiii:t  b- 
dustiT,  the  operatloo  being  performed  upon  quantities  of  several  hundred  gallons  at  a 
time  in  large  iron  retorts.  At  first  water,  ammonia,  and  some  permanent  gaaei  pre- 
viously held  in  solution  by  the  tor  are  evolved,  after  which,  as  the  temperature  in- 
ereases,  a  light  fetid  brown  oil  passefl  over;  this  constitutM  the  light  oil,  and  amounts 
to  about  5  or  10  per  cent,  of  the  tar.  It  is  purified  b;  miiing  with  a  little  oil  of 
vitriol,  which  deatioys  tlie  brown  oxidised  compounds  to  which  the  colour  of  the  crude 
oil  is  doe,  aod  forms  with  them  a  tarry  deposit  that  is  easily  separated.  On  rectifi- 
cation  the  purified  oil  furnishes  coal-tar  naphtha,  which  admits  of  further  purifleatim 
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s  in  tlia  diitallation  of  tar,  mnd  it  ganenll;  unoimla  toftbDot  20  or  30  par  cent,  of 

vards  tie  imd  of  the  oprratioa,  ths  distillate  beeomn  tbicker  and  contain* 
acene.  At  a  still  more  adraDred  stBAe,  chryssne  and  pjrre  ne  past  oTer  ai 
-«)loiir«l  rapoura,  which  iMaiwM  MaiElj'  on  ccoling.  When  Uie  dJBtiilation  ii 
itcd,  the  pitch  remaining  in  ths  retorta  ii  run  out  into  a  pit  nndergtonQd  to 

ajy  cod  tar  oil  ot  doad  oil  containa  carbolia  a^id.  aniline,  q-oinolina,  and  • 
«  of  bydrorarboni  boilioe  batween  390°  and  570°,  and  contaioine  in  aolntjan  a 
tj  at  •nthracane.  Daad  oil  ia  largely  naed  for  tbe  pnaatration  of  railway 
• ;  it  i«  ftlao  naed  for  feetUng  cottunoa  lainpa,  but  maiidj  fbi  bniuing  into  lamp 

I  Exummalion  of  Chal  Gcu. — The  gu  nannfccttuer  oftan  raliet  opoD  specifla 
r  aa  an  iodication  of  the  qoality  of  gaa.  The  photometric  matbod  moat  eom- 
emplojad  conaista  in  a  rampariaoB  of  the  intansit;  of  the  light  tnuumltted 
h  d  gemi-tiansparrnt  disc  of  a  paper  icreen,  aa  compared  with  refiectad  light 
g  on  an  opaque  portion  of  the  screen.  When  the  screen  is  so  adjusted  that  the 
afleetsd  and  that  transmitted  am  oqual,  their  intenhitipB  are  Ui  each  other  in  the 
f  the  •^nana  of  tlieic  distance  from  the  disc.  The  standard  ordinarily  em- 
ia  tbe  light  of  a  epermaceti  candle,  burning  at  the  rate  of  1 20  gralna  of  aper- 
per  hour,  and  the  intensity  of  the  light  emitted  by  a  gas  flame,  consuming  in  a 
:ime  a  known  quuntity  of  gas,  is  eipresBad  aa  being  eqnal  to  ao  many  candles, 
a  jet  photometer,  repmienCed  by  figs.  fi02  and  603,  ia  much  used  in  gaa 
It  ia  canstrncted  npon  the  principle  that  the  luminons  ioCensity  of  different 
ii  iuTSTMly  proportionate  to  the  pcennre  reqoiaite  to  obtain  fluaea  of  equal 


Flu.  fi03. 


.  Ths  Bubo  (a)  iaaurcoonded  by  a  gmdnaled  glass  cylinder  (&),  and  hj  nioona 
l4JiiBtment  at  e,  the  pressure  of  llie  gai  ia  mentnireil  and  registered  upon  the 
li)  by  the  index  {«).  Theindez  (a),  is  attached  to  the  hollow  cy]inder(/),  which 
d  at  t  in  a  horiiontal  position,  and  can  be  turned  on  ita  axis.  Tbe  weight  of 
dinder  gives  it  a  specific  gravity  equal  to  05.    It  is  immemd  up  to  its  point  of 
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Tessel  (A)  into  the  yessel  (y),  bat  it  does  not  rise  in  this  Tessel  when  its  Tolume  it 
less  than  or  only  equal  to  that  of  the  float  (/).  Bnt  this  float  is  raised  by  the  water, 
and  thus  the  pressure  is  registered  by  the  index  on  the  scale.  The  instrument  there- 
fore shows  the  quantities  of  water  tmit  must  be  displaced  in  proportion  to  the  differ- 
ences of  pressure. 

A  rough  chemical  test  often  used  by  the  practical  gas  maker  consists  in  intrododnff 
into  a  known  volume  of  coal  gas  a  bubble  of  chlorine  or  a  trace  of  bromine,  and 
obserring  the  contraction  in  volume  resulting  from  the  combination  of  the  haloid 
with  the  hydrocarbons  to  which  gas  principally  owes  its  luminiferous  quality. 

There  are  many  exact  method  of  coal  gas  analysis,  one  of  the  most  appropriate  of 
which  mjiy  be  briefly  described  as  follows : 

A  fragment  of  coke  saturated  with  Nordhansen  sulphuric  add  is  introduced  into 
a  measured  quantity  of  the  gas  over  mercury.  In  the  course  of  a  few  hours  the  lumi- 
niferous  constituents  are  condensed.  The  sulphurous  anhydride  thus  formed  is  re- 
moved by  means  of  a  pellet  of  peroxide  of  manganese ;  the  aqueous  vapour  and  car- 
bonic acid  may  be  then  separated  by  a  ball  of  caustic  potash.  The  difference  in  the 
reading  of  the  g^  volume  then  and  the  original  quantity  is  the  expression  of  the 
volume  of  luminiferous  hydrocarbons,  and  as  the  value  of  these  is  ordinarily  acoroted 
to  stand  in  relation  to  the  amount  of  carbon  they  contain,  it  may  be  ascertained  bv 
exploding  known  quantities  of  the  gas  both  before  and  alter  removal  of  the  lumini- 
ferous constituents,  with  excess  of  oxygen  and  comparison  of  the  relative  amounts  of 
carbonic  anhydride  produced. 

The  power  of  strong  sulphuric  acid  to  absorb  the  luminiferous  hvdrocarbons  was 
taken  advantage  of  by  the  Rev.  W.  R.  Bowditch  to  determine  them,  by  a  com- 
parison of  the  intensity  of  the  red  colour  which  these  heavy  hydrocarbons  impart  to 
woody  fibre,  moistened  with  the  strong  acid.  The  results  obtained  by  this  method 
are  only  approximate. 

Bisulpnide  of  carbon  and  sulphuretted  hydrogen  may  be  estimated  by  the  use  of  a 
simple  apparatus  devised  by  wri^ht,  in  which  a  known  volume  of  sas  is  caused  to 
bum  in  the  presence  of  excess  of  air ;  the  amount  of  sulphuric  add  thus  produced  is 
an  indication  of  the  amount  of  sulphurous  imparity. 


ESSENTIAL    OIL,    CAMPHOR, 

RESIN,    ETC. 

A  great  number  of  plants  contain  oily  substances  which  differ  from  ordinary  fat 
oil  in  being  volatile  and  having  a  strong  smell,  and  the  characteristic  odours  of  ^nts 
or  particular  parts  of  plants  are  in  many  instances  due  to  their  presence.  These 
substances  consist  either  of  hydrocarbons,  as  in  the  case  of  turpentine  oil,  lemon 
oil,  etc  ;  or  of  oxygenated  compounds,  as  in  the  case  of  winter-green  oil,  which  is 
methyl  deviate,  C,HgOy  r  ue  o  i  1,  which  consists  chiefly  of  euodic  aldehyde,  Ci|H„0, 
cinnamon  oil  and  cassia  oil,  consisting  chiefly  of  cinnamic  aldehyde,  C,HgO,  and 
anise  oil,  consisting  of  anethol,  CigHjjO ;  while  other  volatile  oils  consist  of  mixtures  of 
hydrocarbons  with  various  oxygenated  compounds,  as  in  the  case  of  cumin  oil,  which 
contains  cvmene,  CigHu*  together  with  cumic  aldehyde,  C|^i,0,  and  thyme  oil,  which 
contains  thymene,  Ci,H|„  cymene,  CioH,^,  and  cymophenol,  0|gHi40. 

The  hydrocarbons  occurring  naturally  in  plants  have  sometimes  a  composition 
corresponding  with  that  of  cymene,  C,gHi4,  but  more  frequently  their  composition 
corresponds  vrith  that  of  terpene,  CigH,,,  which  is  the  chief  constituent  of  tui^ntine 
oil.  and  since  the  hvdrocarbons  contained  in  some  other  varieties  of  essential  oil  are 
either  isomeric  with  it,  like  bergamot  oil  and  neroli  oil,  or  polymeric  with  it,  like 
copaiba  oil  and  cubeb  oil,  Otfint  ^®  ^^^^^^  terpene  is  applied  to  them  as  a  generic 
designation.  The  chemical  constitution  of  many  of  these  substances  is  still  imper- 
fectly known. 

The  various  kinds  of  essential  or  volatile  oil  occurring  in  plants  often  oontain 
solid  hydrocarbons,  which  separate  when  the  oil  is  exposed  to  a  low  temperature,  and 
this  solid  portion  of  the  oil  is  called  stearoptene,  while  the  liquid  portion  is  called 
elaoptene. 

Two  remarkable  solid  hydrocarbons,  known  as  caoutchouc  and  gutta  percha, 
which  have  a  composition  analogous  to  some  varieties  of  essential  oil,  but  differ  from 
those  substances  in  not  being  volatile  without  decomposition,  occur  in  the  milkv  juice  of 
various  species  of  Ficus^  Euphorbiaf  Hevea^  etc,  and  in  the  milky  juice  of  laonandra 
gutta. 

The  substances  known  under  the  name  of  camphor  are  in  many  respects  analogoiu 
to  the  various  kinds  of  essential  oil,  and  they  not  only  occur  together  with  terpenes, 
etc.,  but  are  from  a  chemical  point  of  view  closely  related  to  those  substances. 
Although  the  term  camphor  is  especially  applied  to  the  two  substances  obtained  from 
Laurus  camphora  and  Ayobalanop$  campkora,  there  are  several  other  plants,  such  as 
feverfew  (Pi/rethrum  parthenium),  rosemary,  lavender,  sage,  marjoram,  hops,  o\jeput, 
peppermint,  coriander  and  patchouli,  etc.,  which  contain  substances  analogous  to 
these  more  ordinary  forms  of  camphor. 

The  substances  to  which  the  generic  name  resin  is  applied  often  present  marked 
indications  of  relationship  to  the  several  kinds  of  volatile  oil,  both  in  their  chemical 
nature  and  in  their  natural  association  with  them.  They  are  generally  solid,  yellow 
and  translucent  bodies  of  a  specific  gravity  ranging  from  0*92  to  1*2  ;  some  are  hard 
and  friable,  but  they  often  occur  mixed  with  volatile  oil,  forming  soft  and  adhesive 
or  semi-liquid  masses,  as  in  the  case  of  pine  resin,  turpentine,  Canada  balsam,  copaiba 
balsam,  etc.  They  mostly  melt  without  decomposition,  but  are  not  volatile,  and  at 
higher  temperatures  burn  with  a  thick  white  smoke  which  is  inflammable.  When 
heated  in  closed  vessels  most  of  them  yield  volatile  hydrocarbons ;  others  oxidised 
volatile  products.  They  are  insoluble  in  water,  but  soluble  in  alcohol  and  ether ; 
those  which  fail  to  dissolve  in  alcohol  are  usually  found  to  dissolve  in  ether ;  they 
are  also  dissolved  by  essential  oils,  etc.  Some  few  may  be  obtained  in  a  crystalline 
form  by  evaporation  of  their  solutions. 

The  substances  named  resins  which  occur  naturally  are  compounds  of  carbon, 
hydrogen  and  oxygen,  and  are  generally  derived  by  oxidation  from  hydrocarbons  or 
bodies  containing  originally  less  oxygen  than  themselves.    But,  as  in  the  case  of  the 
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eflfential  oiIb  and  the  camphors,  oomparativelj  little  is  known  of  the  composition  and 
chemical  relations  of  these  substances. 

In  no  case  is  a  resin  a  simple  substance,  but  it  is  generally  a  mixture  of  seyeral, 
the  various  constituent  membisrs  being  referable  to  as  many  distinct  bodies  from 
which  by  natural  oxidation  they  are  produced. 

A  considerable  number  of  resins  are  of  an  add  character,  and  in  such  esses  they 
are  competent  to  produce  soaps  by  combination  with  alkalies ;  the  soaps  thus  formea 
are  not  insoluble  in  a  solution  of  salt ;  nsTertheless,  ordinary  colophony  is  hugely 
used  in  soap-making. 

The  resins  are  insulators  of  electricity,  and  become  negatiTely  electric  by  friction. 

The  process  of  extraction  of  resins  from  the  plants  which  yield  them  Taries  with 
the  circumstances  and  plant.  Many  of  them  are  obtained  b^  spontaneous  exudation 
from  the  growing  trees ;  in  other  cases  incisions  are  made  m  the  trunk  of  the  tree, 
and  the  exuded  matter  caught  in  appropriate  vessels.  In  other  cases  the  resins  ars 
extracted  from  plants  by  means  of  solvents,  such  as  alcohol,  aided  by  heat. 

The  best  known  resins  are  those  produced  in  the  pine  and  other  trees  which  secrete 
essential  oils.  These  oils  are  mixtures  of  hydrocarbons,  often  consisting  of  allotiopie 
modfications  and  polymers  of  the  body  C,gU,«.  Thus  several  varieties  of  the  terpens 
C,oH,«  may  co-exist,  together  with  the  polymeric  substances  C|,H,4  and  C,gH„ ;  from  all 
of  these  resins  are  produced  by  oxidation.  So  that  the  resins  as  they  occur  naturally 
are  necessarily  mixtures  and  may  be  very  complicated.  The  act  of  oxidation  may 
consist  in  mere  addition ;  or  it  may  be  an  act  of  substitution  of  part  of  the  hydrogen, 
or  part  of  the  carbon  may  be  oxidised  as  carbonic  acid.  Any  or  all  of  these  chafes 
may  take  place  and  the  nature  of  the  resin  produced  is  determined  accordingly. 

Besides  the  resins  already  mentioned,  there  is  another  class  termed  fossil  resins, 
including  amber,  asphalt,  resins  from  lignite,  and  a  number  of  others  all  of  vegetable 
origin,  but  scarcely  entitled  to  be  considered  properly  as  resins. 

In  many  cases  the  resin  existing  in  plants  is  accompanied  by  and  intimately  mixed 
with  other  substances,  such  as  volatile  oil  or  gum,  benzoic  acid,  etc.  These  mixed 
products  are  known  by  the  names  of  ol  cores  ins,  balsams,  gum  resins,  etc.  Thus, 
for  instance,  the  exudations  from  some  plants  are  semi-liquid  or  soft  and  viscous,  and 
contain  a  large  amount  of  essential  oil ;  these  oleoresins  are  termed  baUamt,  as,  for 
instance,  Canada  balsam  and  copaiba  balsam,  etc,  but  this  term  is  more  oorrectlv 
applied  to  materials  containing  benzoic  acid  or  cinnamic  acid  together  with  resin,  su^ 
as  Peru  balsam,  American  liquid  storax.  Oriental  liquid  storax,  solid  storax,  tolu 
balsam,  and  Mecca  balsam,  which  are  among  those  containing  benzoic  acid. 

In  other  cases  the  resin  is  accompanied  by  a  considerable  amount  of  gum,  as  in 
gamboge,  olibanum,  ammoniacum,  and  other  kinds  of  gum  resin.  Sometimes  the  products 
belonging  to  this  class  also  contain  essential  oil,  which  gives  them  an  agreeable 
odour,  as  for  instance,  myrrh. 

A  mixture  of  volatile  oil  and  resin,  constituting  the  oleoresin  known  by  the  name  of 
turpentine,  exudes  spontaneously  from  several  kinds  of  pine  and  fir  trees,  and  is 
obtained  more  abundantly  by  making  incisions  through  the  bark  of  the  trees ;  it  is  a 
yellowish  white  transparent  or  translucent  sticky  viscid  liquid,  having  an  acid  reaction 
and  strong  smell.  Several  kinds  of  turpentine  are  distinguished  according  to  the 
sources  from  which  they  are  obtained,  and  they  differ  in  consistency  according  to  the 
amount  of  turpentine  oil,  which  varies  between  12  and  32  per  cent.  When  the  tur- 
pentine exudes  spontaneously  and  remains  a  long  time  exposed  to  the  air  upon  the 
stem  of  the  trees,  it  hardens  and  forms  what  is  called  pine  resin,  from  which 
Burgundy  pitch  is  made  by  melting  in  water  and  separating  a  further  portion  of 
the  turpentine  oil.  The  resin  left  as  a  residue  when  turpentine  is  distilled,  m  order  to 
obtain  the  volatile  oil,  is  called  colophony  (see  p.  725). 

Another  kind  of  oleoresin,  called  Canada  balsam,  is  obtained  from  Abies  balsa- 
mea.  It  is  either  colourless  or  pale  yellow,  has  an  aromatic  odour,  is  partially  soluble 
in  alcohol,  and  has  a  right-handed  rotation.  By  distillation  with  water  it  yields 
about  1 7  per  cent,  of  an  aromatic  terpene,  and  a  resin  of  which  about  one-tmrd  is 
soluble  in  alcohol,  another  is  soluble  in  ether,  and  the  remainder  is  insoluble  in  both 
liquids.  This  variety  of  turpentine  is  chiefly  employed  in  cementing  optical  lenses 
and  microscopic  glasses. 

Qurgun  balsam,  an  oleoresin  obtained  from  several  varieties  of  East  Indian 
DipierocarpuSy  resembles  capivi  balsam  in  odour  and  taste,  but  is  heavier.  It  is 
readily  soluble  in  alcohol,  ether,  benzol,  and -carbon  bisulphide.  It  consists  of  a 
crystaJline  acid,  gurgunio  acid,  C^^fi^,  and  a  hydrocarbon,  C|,H„,  that  boils  at  285® 
and  has  a  specific  gravity  of  *9044. 

Copaibabalsamisan  oleoresin  obtained  from  various  species  of  Copa^fera,  It 
is  a  pale  yellow  thick  liquid,  of  a  disagreeable  aromatic  smell  and  sharp  bitter  tasta. 
Its  specific  gravity  varies  between  0*9 1  anrl  0-99.    It  is  perfectly  miscible  with  absohite 
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alcohol,  bisulphide  of  carbon,  nnd  yolatile  and  fat  oils,  and  readily  soluble  in  other 
and  acetic  ether.  It  contains  a  torpeneiCjoH^  of  aromatic  odonr,  sp.  gr.  0'88  to  0*91, 
boiling  between  245°  and  260°,  partially  crystalli sable  at  26°,  and  Isevo-rotatory ; 
copaivic  acid,  a  OTstallisable  substance  insoluble  in  water,  soluble  in  ether  and 
alcohol,  Ci^HjoO, ;  sometimes  also  oxy-copaivic  acid,  C^HjhO,  ;  and  an  amorphous 
neutral  resin  partly  soluble  and  partly  insoluble  in  alcohol.  Some  remarkably  liquid 
varieties  of  Para  balsam  contain  no  crystal  Usable  acid,  but  besides  yolatile  oil  only 
the  neutral  resin,  and  the  Maracaibo  balsam,  from  Columbia,  contains  only  traces  of 
metacopaivic  acid,  C,2H,404. 

Turpentine  oil  is  the  volatile  oil  obtained  by  distillation  of  turpentine,  or  the 
oleoresin  contained  in  all  parts  of  the  different  species  of  Pintu,  Puxa,  Abies^  and 
Larix.  According  to  the  particular  source  from  which  the  oleoresin  is  obtained,  this 
volatile  oil  presents  variations,  chiefly  in  its  physical  characters.  Four  chief  varieties 
of  tnrpentine  oil  are  in  this  wav  to  be  distinguished :  — 

German  turpentine  oil,  obtained  from  the  turpentine  of  Pinus  sylvettris, 
Fimu  Abiest  or  Pkea  vulgaris^  Pinus  Picea,  and  Pinits  rotundata, 

French  turpentine  oil,  from  the  turpentine  of  Pinus  mariHma, 

English  or  American  turpentine  oil,  from  the  turpentine  of  Pitntw  Taeda 
and  Pinus  ausiralis. 

Venetian  turpentine  oil,  from  the  turpentine  of  Pinus  Larix, 

In  addition  to  these,  some  scarcely  different  varieties  of  volatile  oil  are  obtained  by 
distilling  the  cones  of  Pinus  Pumilio,  the  fruit  of  Pinus  Rrffitics-Amalia,  the  needles 
and  branches  of  Pinus  sylvestris  and  Pinus  Abies, 

The  crude  turpentine  oil  of  commerce  contains  formic  acid,  acetic  acid,  etc.,  and 
resinous  acids,  from  which  it  is  separated  by  re-distillation  with  water,  to  which  some 
caustic  alkali  is  added.  In  a  pure  state  it  is  a  colourless  thin  liquid,  with  a  peculiar 
unpleasant  smell  and  burning  taste.  Its  specific  gravity  varies  from  0*86  to  0'87 ; 
the  boiling  point  from  152°  to  160°.  The  German,  French,  and  Venetian  varieties  of 
oil  rotate  the  plane  of  polarised  light  to  the  left,  but  in  different  degrees.  The 
English  variety  has  a  right-handed  rotation.  Turpentine  oil  is  misciblewith  absolute 
alcohol,  wood  spirit,  ether,  chloroform,  1)enzol,  and  carbon  bisulphide.  It  dissolves  in 
four  times  its  volume  of  alcohol  of  0830  sp.  gr.,  and  in  twelve  times  its  volume 
of  alcohol  of  0'860  sp.  gr.  The  varieties  of  turpentine  oil  consist  chiefly  of 
terpenes  or  camphoncs,  together  with  small  proportions  of  polymeric  hydrocarbons. 
All  these  substances  are  susceptible  of  molecular  alteration,  especially  under  the  joint 
influence  of  heat  and  pressure,  accompanied  with  alteration  of  the  specific  gravity,  the 
boiling  point,  and  especially  the  rotator}'  power.  When  exposed  to  the  air,  turpentine 
oil  abs(Drbs  oxygen  and  becomes  resinified,  while  at  the  same  time  hydrogen  peroxide 
is  formed,  together  with  formic  acid,  carbonic  acid,  etc.  When  water  is  present,  a 
crystalline  hydrated  oxide,  C,oH,gO  +  H^O,  is  formed,  which  has  a  camphoraceous  smell 
and  is  soluble  in  water,  alcohol,  and  ether.  By  contact  with  dilute  nitric  acid  a  cry- 
stalline hydrate  is  formed,  having  a  composition  represented  by  the  formula  Cyfi.^0^ 
+  2H,0,  called  terpin,  and  sometimes  a  liquid  hydrate  is  formed  having  the  formula 
Ct^HigO.  Turpentine  oil  absorbs  dry  hydrochloric  acid  gas  with  evolution  of  heat, 
and  when  the  liquid  is  kept  cold  and  saturated  with  the  gas,  a  white  crystalline  cam- 
phoraceous  substance  is  separated  after  some  time,  which  is  insoluble  in  water,  soluble 
m  alcohol  and  ether,  melts  at  115°,  and  has  a  composition  represented  by  the  formula 
C|^,«HCL  The  liquid  portion  has  the  same  composition  as  the  crystals,  and  essenti- 
ally the  same  characters.  Both  the  liquid  and  the  solid  portions  have  the  rotatory 
powers  of  the  turpentine  from  which  they  have  been  prepared.  Another  compound  of 
terpene  and  hydrochloric  acid,  C|olI,«2HCl,  which  is  formed  by  longer  continued 
action  of  hydrochloric  acid  gas  upon  turpentine  oil,  crystallises  in  long  thin  pearly 
laminiB  that  melt  l)etween  48°  and  50°. 

Juniper  oil,  obtained  by  distilling  the  unripe  berries  of  Juniperus  communiSt 
has  a  sp.  gr.  of  0*86  to  0*88,  distils  between  155°  and  280°,  has  a  left-nanded  rotation, 
is  spanngly  soluble  in  alcohol  of  0'850  sp.  gr.,  soluble  in  half  its  volume  of  absolute 
alcohol,  and  miscible  in  all  proportions  with  ether.  By  exposure  to  the  air  it  is 
oxidised  and  deposits  a  crystalline  camphor. 

Savin  oil,  obtained  from  the  leaves,  branches,  and  berries  of  Juniperus  Sahina^ 
has  a  specific  gravity  of  0'89  to  0'94,  boils  at  159°  to  161°,  and  dissolves  in  two  parts 
of  alcohol  of  0*85  sp.  gr. 

Cedar  oil,  obtained  from  the  wood  of  Juniperus  Vtrginiana,  is  colourless,  of  a 
battery  consistence,  and  consists  of  cedar  camphor,  Ci^Hg^O,  and  cedrene,  C|,II,4. 

Sandal  wood  oil,  obtained  from  Santalum  albumf  is  a  thick  yellowish  liquid,  of 
powerful  odour,  having  a  spec.  gr.  of  0*963,  and  distilling  between  214°  and  255°. 

Thuja  oil,  obtained  from  the  leaves  and  young  shoots  of  Thuja  occidentalism  has 
a  camphoraceous  odour,  and  is  said  to  be  a  mixture  of  two  oxygenated  oils 
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Cabeb  oil,  obtained  by  distilling  the  fruit  of  Piper  Cubeba,  coosista  of  a  light 
hydrocarbon,  boiling  at  220°,  having  a  sp.  gr.  of  0*915,  and  strong  refractive  power; 
and  a  thick  hydrocarbon,  having  a  sp.  gr.  of  0*037,  and  boiling  at  250°.  Both  are  bevo- 
rotatoiy,  have  a  faint  aromatic  odonr  and  a  burning  camphoraceous  taste.  They  are 
miscible  in  all  proportions  with  ether,  benzol,  carbon  blFulphide,  chloroform,  and 
volatile  and  fat  oils,  and  are  soluble  in  27  parts  of  ordinary  alcohol,  and  18  parts  of 
absolute  alcohol.  The  composition  of  both  is  represented  by  the  formula  CuH^. 
The  oil  from  old  cubebs,  when  cooled  to  — 12°  or  —  20°,  deposits  a  camphor,  Ci  fiJS, 

Pepper  oil,  obtained  from  the  unripe  fruit  of  Pt^'*''^''''*;  matico  oil,  from 
the  leaves  of  Piper  angit»tifoUwn\  and  the  oil  of  long  pepper  {Chaoica  officMontm) 
are  sometimes  used  in  medicine. 

East  Indian  grass  oil,  obtained  from  Andropogan  Ivarancusa,  ia  an  oxy- 
genated oiL  It  boils  between  107°  and  160°,  and  has  a  penetrating  aromatic  odour 
and  a  sharp  taste. 

Citronella  oil  is  an  oxygenated  oil,  obtained  from  Andropogon  Schctnanihut. 
It  has  a  specific  gravity  of  0*874,  and  boils  at  200°.  This  is  sometimes  called 
geranium  oil  or  palma  rosaoil.  The  volatile  oil  obtained  from  Andropoffon 
Nardus,  in  Ceylon,  is  scarcely  to  be  distinguished  from  the  last  mentioned. 

Lemon  grass  oil,  obtamed  from  Andropoffon  citralua,  is  sometimes  called  ver- 
bena oil. 

Birch  oil,  obtained  from  the  leaves  of  Bettda  alba^  consists  of  a  hydrocarbon, 
boiling  at  171°,  closely  analogous  to  cymol,  and  another  hydrocarbon,  boiling  at  a 
higher  temperature,  which  has  the  peculiar  smell  of  Russian  leather. 

Hop  oil,  obtained  by  distilling  the  strobiles  of  Lupulus  humulue  with  water,  has  a 
sp.  gr.  of  0*91,  boils  between  126°  and  235°,  and  consists  of  a  terpene  and  an  oxy- 
genated oil  having  the  formula  Ci^nO. 

Hempoilis  obtained  by  distilling  the  flowering  plant  of  Cannabis  eativa. 

Cassia  oil  is  obtained  from  the  liber  of  Cinnamomum  aromaticunif  and  probabfy 
also  from  the  undeveloped  flowers  of  Cinnamamum  Loureirii.  It  is  a  yellowish  or 
brownish  thick  liquid,  of  an  agreeable  aromatic  odour  and  sweetish  burning  taste. 
Its  specific  gravity  is  from  1*03  to  1*09 ;  it  boils  at  about  225°.  It  is  highly  refractive, 
but  has  00  rotatory  power.  It  is  readily  soluble  in  alcohol,  and  consists  principally 
of  cinnamic  aldehyde  C,HgO,  some  cinnamic  acid,  resin  (C|qH,j04),  soluble  in  tl- 
cohol,  and  a  resin  (C|^^0)  insoluble  in  alcohol.  When  long  kept  it  deposits  a  ezr- 
stallinc  stearoptine  having  a  formula  C^HgOig.  This  oil  is  called  Chinese,  or  oru- 
nury  cinnamon  oil.  The  Ceylon  cinnamon  oil,  obtained  from  the  bark  of  C^iiis- 
tncrmum  Zeylanicum^  closely  resembles  the  foregoing.  The  oil  obtained  from  tlie 
flowers  of  this  plant  resembles  clove  oil  and  pimento  oil.  It  is  brown,  has  a  penetnt' 
ing  aromatic  odour,  biting  taste,  acid  reaction,  and  sp.  gr.  1  053.  It  contains  eugenie 
acid,  benzoic  acid,  and  a  hydrocarbon  resembling  cymol,  which  has  a  sp.  gr.  0'86S, 
and  boils  between  160°  and  165°.  Another  oil  obtained  from  the  bark  of  Penea 
carynphvUacea^  is  pale  yellow,  heavier  than  water,  and  similar  in  smell  and  taste  to 
clove  oil.  Massoy  oil,  obtained  in  Java  from  the  bark  of  Cinnamomum  Kiamis^  is 
separable  by  water  into  a  light  almost  colourless  oil  of  aromatic  odour,  and  a  thick 
heavy  oil  of  less  odour:  both  are  readily  soluble  in  alcohol.  The  oil  from  the  bark  of 
Cinnamomum  CtUilawan  is  colourless,  heavier  than  water,  and  smells  like  c^epot 
oil  and  clove  oiL 

The  volatile  oil  obtained  from  the  fruit  of  Laurus  nobilis  has  a  bitter  tast^ 
sp.  gr.  0*88,  and  solidifies  when  cool.    It  consists  of  a  terpene  and  eugenic  acid. 

Nutmeg  oil,  or  mace  oil,  is  obtained  from  the  anllus  of  the  seed  kemeliof 
Myrietica  moschata;  it  consist.s  of  a  terpene,  an  oxygenated  oil,  and  a  camphor, 
C,gH,gOj. 

Sassafras  oil,  obtained  from  the  wood  and  root  bark  of  Laurus  Sassq/raSf  u 
reddish  yellow,  has  a  sharp  smell,  and  sp.  gr.  1*08.  It  dissolves  in  25  parts  of 
alcohol  of  sp.  gr.  0*850.  It  consists  of  a  terpene,  boiling  between  155°  and  157°,  sd 
oxygenated  oil,  CigHigO,,  boiling  between  221°  and  233°,  and  a  crystallisabie  camphor, 
CigHioO,.  It  melts  between  5°  and  17°.  Another  kind  of  sassafras  oil  is  obtained  in 
Brazil  from  Nectandra  Cymbarum. 

Japan  camphor  oil,  said  to  be  obtained  from  Laurus  Camphora,  has  a  sp.  gr. 
0*94,  and  deposits  camphor  at  — 10°.  The  most  volatile  portion  has  a  composition 
corresponding  to  the  formula  CioH|«0,  and  is  converted  by  nitric  acid  into  ordinaiy 
camphor. 

Borneo  camphor  oil,  occurs,  together  with  a  solid  camphor,  in  the  stem  of 
Dryaltalanops  camphora^  especially  in  the  younger  trees.  It  has  a  sp.  gr.  of  0*945.  It 
consists  principally  of  a  terpene,  some  camphor  which  is  deposited  on  cooling,  and  a 
resinous  substance. 

Valerian  oil*  obtained  from  the  roots  of  Valeriana  officinalis,  4km  a  spfcffic 
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graTity  from  0*90  to  0*96 ;  it  begins  to  boil  at  200^,  and  the  temperature  risefi  to 
400°  before  the  whole  distils  oyer.  It  consists  of  a  mixture  of  terpene,  yalerianic 
acid,  and  a  crystallisable  camphor,  Ci,II^O,  together  with  some  resin. 

Chamomile  oil,  obtained  from  the  flowers  of  Matricaria  camomilla,  is  a 
dark  blue  thick  liquid,  which  solidifies  at  —12°  and  has  a  sp.  gr.  from  0*92  to  0*94. 
It  boils  between  240°  and  300°.  Its  composition  is  represented  by  the  formula 
aCiff'H.if.SKfi.  Its  blue  colour  is  duo  to  coDrulin.  Roman  chiimomile  oil,  ob- 
tiiined  from  the  flowers  of  AtUkemis  nobilis,  is  said  to  be  a  mixture  of  angelic  acid, 
CjHgO^  angelic  anhydride,  C|«H,40„  together  with  valerianic  acid,  or  a  valerianic 
eUier,  and  a  terpene  boiling  at  175°. 

Wormwood  oil,  obtained  from  the  flowering  plant  Artemisia  Absinthium,  has  a 
dark  green  colour,  a  burning  taste,  sp.  gr.  0*92  to  0'97»  and  boils  between  180°  to  205° ; 
it  is  dextro-rotatory  and  very  soluble  in  alcohol.  It  consists  of  a  hydrocarbon,  un  oil 
corresponding  to  the  formula  C,oH,«0,  and  coerulin.  Wormwood  oil  is  used  in  medi- 
cine, and  in  the  preparation  of  a  liqueur. 

The  volatile  oil  obtained  from  Artemisia  Cina  is  a  brownish  yellow  thick  liquid, 
of  disagreeable  smell  and  burning  taste. 

Wintergreen  oil,  obtained  from  the  flowers  of  GauUheria  prociimbens,  is  a 
mixture  of  methyl  salicylate  and  a  terpene. 

Thyme  oil,  obtained  from  the  flowering  heads  of  Thymus  vulgaris,  has  a  sp.  gr. 
0'87  to  0*90,  and  is  Iffivo-rotatory.  It  consists  of  a  terpene,  thymene,  together  with 
cymol  and  thymol,  C,oH,40. 

Peppermint  oil,  obtained  from  the  plant  of  Mentha  piperita,  very  abundantly 
in  North  America,  is  a  mixture  of  a  hydrocarbon  and  a  camphor,  menthol,  C,qH«o(), 
which  separates  ^c  0°  to  —  8°,  plentifully  from  the  American  and  Japanese  oil.  It  is 
chiefly  used  in  medicine.    Several  other  species  of  Mentha  yield  analogous  oils. 

Lavender  oil,  obtained  from  the  flowers  of  Lavendula  vera,  contains  several 
terpene  hydrates  and  a  stearoptene.  The  oil  obtained  from  the  leaves  and  flowers  of 
Lavendula  spica,  called  spike  oil,  has  a  less  agreeable  smell,  and  is  more  analogous  to 
tnzpentine. 

Rosemary  oil,  obtained  from  the  flowers  and  leaves  of  Rosmarinus  ojjldnalis,  is 
used  in  medicine. 

Patchouli  oil,  obtained  from  Pogostemon  Patchouli,  consists  chiefly  of  a  cam- 
phor, CijHjgO,  and  a  hydrocarbon. 

Many  of  the  other  plants  belonging  to  the  LabiaUs  yield  similar  kinds  of  volatile 
oil. 

Rosewood  oil,  obtained  from  the  root  and  stem  of  Convolvulus  scoparius,  con- 
sists chiefly  of  a  terpene  boiling  at  240°. 

Anise  oil,  obtained  from  PimpimUa  Anisum,  consists  of  solid  and  liquid  anet hoi, 
Ci«H,,0.     Fennel  oil,  obtained  from  Ancthum  fxniculum,  has  a  similar  composition. 

Cumin  oil,  obtaine.i  from  the  fruit  of  Cutninum  Oyminwm,  is  a  mixture  of 
cuminoL  Cifi^fi,  and  cymone,  CioII,^. 

Caraway  oil,  obtained  ifrom  the  fruit  of  Carvum  Carui,  consists  of  a  terpene 
boiling  at  173°,  and  carvol,  C,oll,40,  boiling  above  250°.  Many  other  species  of 
UmbeUifera  yield  similar  kinds  of  oil. 

The  volatile  oil  of  meadow  sweet  consists  of  salicylic  aldehyde,  C,B.fij,  a 
neutral  hydrocarbon,  and  a  crystallisable  stearoptene. 

Otto  of  roses,  obtained  from  the  flowers  of  Rosa  centi/olia,  ff.  damasccna, 
R.  moschaia,  and  some  other  varieties,  has  a  sp.  gr.  0*815  to  0*888.  It  Bulidifles  be- 
tween 15°  and  30°,  is  sparingly  soluble  in  water,  not  very  readily  dissolved  by  alcohol 
in  the  cold,  but  copiously  soluble  in  hot  alcohol.  It  consists  of  a  liquid  oxygenated 
dextro-rotatory  elaeoptene,  boiling  at  210°,  and  a  crystallisable  stearoptene,  CgII|«, 
which  melts  at  35°,  boils  between  280°  and  300°,  and  sublimes  without  decom- 
position. 

Lemon  oil,  obtained  from  the  fruit  rind  of  Citrus  medica  and  C.  Limonum,  is 
limpid,  greenish  or  yellow,  has  a  sp.  gr.  of  0*84  to  0*86,  boils  at  160°  to  175°  and  is 
dextro-rotatory.  It  is  miscible  in  all  proportions  with  absolute  alcohol,  dissolves  in 
10  parts  of  alcohol  of  0*85  sp.  gr.,  and  readily  in  ether  as  well  as  volatile  and  fat  oils. 
It  is  a  mixture  of  two  terpenes,  citrenc  and  citrilene,  and  a  crystallisable  camphor, 
CigHigO,.  It  is  closely  analogous  to  the  terpene  of  turpentine  oil  in  its  chemical 
characters.  It  is  chiefly  used  in  medicine  and  the  manufacture  of  perfumes.  Closely 
analogous  to  this  are  throe  kinds  of  orange  oil,  obtaiued  from  the  fruit  of  Citrus 
aurantium,  C.  Bigarardia,  and  C.  Bigarardia  sinensis;  also  lime  oil,  from  the  fruit 
rind  of  Citrus  Limefta.  Bergamot  oil,  obtained  from  the  fruit  rind  of  Citrus 
Bergamia,  is  yellowish  or  pal«'  green,  has  an  agreeable  odour,  bitter  taste  and  gene- 
rally acid  reaction ;  it  boils  between  183°  and  195°,  has  a  sp.  gr.  of  0*85  to  0*88.  is 
dextro-rotatory,  miscible  in  all  proportions  with  absolute  alcohol,  and  readily  soluble 
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in  ether  and  fat  oils.  It  is  a  mixture  of  one  or  two  terpenes  with  a  terpene  hydrate 
and  a  product  of  oxidation.  By  keeping  the  oil  deposits  a  camphor,  C^Bfi^  By 
contact  with  water  it  forms  a  crystallisable  hydrate  identical  with  terpin,  and  forms  a 
crystallisable  compound  with  hydrochloric  acid  gas.  It  is  used  in  medicine,  and  in 
the  manufacture  of  perfiimeiy.  Neroli  oil,  or  orange  flower  oil,  obtained  from 
the  flowers  of  Citrus  Bigarardia^  has  an  agreeable  odoar,  a  sp.  gr.  of  0*86  to  O'QO,  and 
is  dextro-rotatory.  It  contains  a  camphene  boiling  at  173°,  an  oxygenated  oil  <rf 
higher  boiling  point,  and  by  keeping  it  deposits  neroli  camphor  (auradine). 

Bue  oil,  obtained  from  the  leaves  and  flowers  of  Ruta  (/ravoolenSt  has  a  sp.  gr.  of 
0*83  or  0*84,  solidifies  at  —  1°  or  —  2°  in  brilliant  laminse,  and  consists  of  a  hydro- 
carbon boiling  at  200°,  and  an  oxygenated  oil  of  0-826  sp.  gr.,  boiling  between  225° 
and  226°,  probably  methyl  caprinol  or  methyl  pelargonyl  ketone,  C„lCjO. 

Cajeputoil,  obtained  from  Melaleuca  minor ^  M.  Cqjeputi,  and  M.  leueademdnm, 
which  are  natives  of  the  Molucca  and  Sunda  islands.  It  has  a  pale  green  colour, 
partly  due  to  the  presence  of  a  green  resin  and  partly  due  to  copper.  Its  specific 
gravity  varies  from  0*91  to  0*97.  It  is  readily  soluble  in  alcohol,  and  consists  chiefly 
of  a  terpene  hydrate,  C,oH,hO.     It  is  chiefiy  used  in  merlicine. 

Clove  oil,  obtained  from  the  flower  buds  and  flower  stalks  of  Caryopkyllm 
aromaticust  has  a  sp.  gr.  of  1*04  to  1*06,  and  is  Isevo-rottitory.  It  consists  of  eugenol, 
CigHijOj,  and  a  hydrocarbon,  probably  C„H24,  having  a  sp.  gr.  0*90  to  0*92,  and  boil- 
ing at  142°  or  143^.     It  is  used  in  medicine. 

Pimentooil,  obtained  from  the  unripe  fruit  of  Myrtwt  Pimenta,  has  a  sp.  gr.  of 
1*03,  and  is  separable  by  water  into  a  heavy  and  a  light  oil.  It  has  the  same  com- 
position as  clove  oil,  and  is  separable  by  caustic  potash  into  eugenol,  C,gH,20^  and  a 
hydrocarbon,  Cj^Hj^. 

Eucalyptus  oil,  obtained  from  the  flowers  of  Eucalyptus  fflohulus,  consists  of 
eucalyptol.  C^H^qO,  lx)iling  at  175°,  dextro-rotatory,  and  readily  soluble  in  alcohol 
The  oil  of  Eucalyptus  resinifera  contains  a  hydrocarbon  resembling  the  terpene  of 
turpentine  oil.  The  oil  of  E.  oleosa  resembles  cajeput  oil.  Ac(X)rding  to  soma 
authorities,  eucalyptus  oil  contains  a  terpene,  cymene,  C,0Hi4,  and  an  oxygenated  oil, 
C,.H„0.   ... 

Jasmine  oil  is  obtained  from  the  flowers  of  PkiUidclphus  comnaria. 

Bitter  almond  oil,  obtained  from  the  fruit  kernels  of  a  variety  of  Amyodalti 
communis,  Amyffdalm  Persica,  Prunus  Lauro-cerasus,  P.  dcmestica,  P.padus,  and  from 
the  barks,  leaves,  and  flowers  of  the  last-mentioned  plants,  as  well  as  from  other  parts 
of  seveml  plants  belonging  to  the  Amygdalacese.  The  volatile  oil,  consisting  of 
benzoic  aldehyde,  C,HgO,  with  some  hydrocyanic  acid,  benzoic  acid,  etc,  does  not 
exist  in  the  plants,  but  is  formed  by  the  decomposition  of  the  amygdalin,  Cj^H^NO,,. 
which  they  contain. 

The  volatile  oil  of  Cochlearia  officinalis  contains  sulphur,  and  is  homologous  with 
allyl  sulphooyanide,  having  the  formula  CjH.NS.  The  oil  of  Cochlearia  Armoracis 
(horse  radish)  is  almost  identical  with  mustard  oil,  as  are  also  several  other  oilf 
from  various  species  of  Cruciferte. 

The  oil  of  Allium  sativum  (garlic)  also  consists  of  allyl  sulphide,  0^9,^8,  and  that 
of  Allium  ccpa  (the  onion),  is  essentially  identical. 

Mustard  oil,  obtained  from  the  seeds  of  Sinapis  niprn,  does  not  exist  in  them, 
but  is  formed  by  the  decomposition  of  myronic  acid,  C^HjpNSjOjo,  when  the  seeds 
are  distilled  with  water.  The  oil  consists  chiefly  of  stdphocyanido  of  allyl,  G^H^NS, 
sometimes  mixed  with  allyl  cyanide. 

The  substances  known  under  the  name  of  camphor  are  in  many  respects  analo- 
gous to  the  various  kinds  of  volatile  oil :  they  often  occur  together  with  terpenes.  and 
are  closely  related  to  the  substHiices  of  that  group.  The  principal  varieties  of  cam- 
phor are  camphol  or  common  camphor,  C,oH,jO,  obtained  from  Laurtts  campkora,  and 
l^omeol,  CuH,,0,  obtained  from  Dryohalanops  camphora.  Substances  analogous  to 
the  former  are  obtainable  from  several  other  plants,  such  as  feverfew  (Pyrtthntm 
parihenium),  rosemary,  marjoram,  lavender,  sage,  etc.,  while  others  analogous  to  the 
latter  occur  in  hops,  cajeput,  peppermint,  coriander,  and  patchouli. 

Laurel  camphor  is  a  colourless  translucent  tough  mass,  having  a  crystalline  tex- 
ture, a  speciflc  gravity  of  0*985,  and  a  peculiar  strong  odour.  It  melts  at  175°,  and 
distils  at  204°,  but  is  slowly  volatilized  even  at  the  ordinary  atmospheric  tempera- 
ture. It  is  sparingly  soluble  in  water,  copiously  soluble  in  alcohol,  ether,  acetic  add, 
and  hydrocarbons  or  Tolatile  oils. 

Distilled  with  chloride  of  zinc,  this  camphor  is  converted  into  cymene,  Ci^H,^,  and 
water,  other  products  being  formed  at  the  same  time.  When  the  vapour  is  passed 
over  heated  soda  lime,  campholic  acid.  CjoHmOj,  is  formed.  .By  treatment  with  nitric 
acid,  camphor  is  oxidised,  yielding  camplioric  acid,  C^fi^fi^,  camphoronic  add, 
CaH,|0»,  and  oxycamphoronic  acid,  C,}Ii,Og.    This  camphor  also  forma  an  oilj  eom- 
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Jonnd  with  nitric  acid,  2CiJ3Lifi.'!^2^y  ^^^^  ^^^  ^^  camphor  is  obtained  from 
apan  and  the  island  of  Formosa. 

Borneo  camphor  comeBfin)mBomeo,Siunatra,  and  Labium.  It  has  a  smell  some- 
what resembling  pepper.  It  melts  at  19'8^,  and  boils  at  212^.  When  heated  with 
nitric  acid  it  is  firat  converted  into  ordinary  camphor,  and  then  into  the  acids  above 
mentioned.  When  heated  with  phosphoric  anhydride,  it  yields  water  and  borneene, 
C,oH,^  which  is  probably  identical  with  the  terpene  contained  in  ordinary  camphor 
oil. 

Bomeol  is  an  alcohol,  forming  with  the  fatty  acids  ethers  containing  the  radicle 
camphyl,  C,^„. 

Menthol,  Cj^H^O,  is  a  camphor  occurring  in  peppermint  oil.  It  melts  at  36^, 
boils  at  213°,  and  is  Isevo-rotatory. 

Both  laurel  camphor  and  Borneo  camphor  are  dextro-rotatory,  but  other  kinds  of 
camphor  are  Isevo-rotatoiy. 

Colophony  is  the  resin  obtained  by  the  distillation  of  crude  turpentine,  which 
often  yields  as  much  as  75  or  90  per  cent.  Two  varieties  are  found  in  the 
market,  one  of  which  is  white  and  obtained  from  the  Pintis  mariiima ;  the  brown 
variety  is  obtained  from  the  Pinus  Abies. 

The  brown  resin,  according  to  Laurent,  consists  of  two  isomeric  acids,  viz.  pinic 
and  syivic  acids,  CsoHg^O,.  The  pinic  add  may  be  extracted  by  cold  alcohol,  and 
from  the  residue  the  syivic  acid  is  dissolved  out  by  means  of  hot  alcohol,  from  which 
it  is  deposited  in  colourless  prisms  or  plates  that  fuse  at  127°  C.  Sylvio  add 
gives  also  a  crystalline  lead  salt. 

The  white  resin,  or  galipot,  consists  of  pimaric  add,  which  is  also  isomeric  with 
the  acids  of  the  brown  resin,  and  may  be  obtained  in  a  semi-crystalline  state.  It  is 
best  dissolved  by  a  mixture  of  6  parts  alcohol  and  1  part  ether,  and  may  be  recrystal- 
lised  from  alcohol ;  it  is  freely  soluble  in  ether. 

The  acids  of  colophony  yield  terebic  add  C,Hi«04,  on  oxidation  with  nitric  acid. 

When  common  resin  is  submitted  to  distillation  in  a  dosed  vessel,  it  yields  turpeu- 
tine  CifHif,  colophene  C2,H„,  resinein  C^'B^fi,  toluol  C7H,,  cumol  C,H|^  a  substance 
having  a  composition  corresponding  with  the  formula  Ci«H,«,  naphthalin  0,^„  and 
what  is  termea  metanaphthalin  Cj^Hig.  From  this  it  is  seen  that  common  resin  does 
not  entirely  consist  of  oxidised  compounds,  but  probably  also  contains  the  polymer  of 
turpentine  C^fin*  ^^  ^  ^<^^™  rendered  solid  by  the  true  resin. 

Copal  is  obtained  from  trees  of  the  genera  Hi/merkta,  Trachylobium^  Voapa, 
Guibourtiay  Bhtut^  Idea,  Elaocarpus,  and  Dammara.  It  is  excreted  partly  in  tears 
between  the  bark  and  wood,  and  partly  collects  in  large  masses  about  the  roots.  It 
haa  generally  a  yellowish  or  brownish,  and,  less  frequently,  a  reddish  colour,  is  rough 
and  dark  at  the  surface,  internally  cleiir  and  transparent,  and  is  tolerably  hard  and 
brittle  ,tho  fracture  being  conchoidal  and  splintery.  It  is  without  odour,  and  has  a  specific 
gravity  varying  between  1*045  and  1*139  ;  the  melting  point  is  between  180°  and  340°. 
Dilute  alcohol  does  not  dissolve  copal,  absolute  alcohol  dissolves  it  only  sparingly, 
but  the  solubility  of  copal  is  increased  by  the  addition  of  camphor  or  by  long-continued 
mdting,  or  by  long  exposure  of  the  powdered  resin  to  the  air,  under  which  conditions 
oxidation  takes  place.  In  contact  with  ether  the  resin  becomes  gelatinous,  and  is  then 
soluble  in  alcohol.  Chloroform  dissolves  it  abundantly,  benzol  slowly ;  volatile  oils 
aai  carbon  bisulphide  dissolve  it  only  pjirtially.  The  best  solvents  of  copal  are  the 
oil  obtained  by  the  destructive  distillation  of  caoutchouc  and  the  empyreumatic  oil 
obtained  by  heating  copal  to  a  high  temperature.  In  contact  with  ammonia  solution 
oopal  swells  up,  and  when  warmed  with  strong  caustic  potash  it  forms  a  clear  solution. 
The  African  as  well  as  East  Indian  varieties  of  copal  consist  of  five  different  resins. 
Copal  is  chiefly  used  for  making  varnishes,  and  combined  with  asbestos  as  a  cement 
for  stopping  ti  eth. 

Anime,  obtained  from  the  West  Indian  Hymenaa  CourbarU  and  sometimes 
termed  copal,  lias  the  form  of  pale  yellow  translucent  fragments,  having  a  sp.  gr. 
1*028  to  1*03,  and  a  vitreous  fracture.  It  softens  in  the  hand,  and  smells  agreeably 
aromatic  when  warmed.  It  is  perfectly  soluble  in  turpentine  oil  and  benzol,  and  in 
warm  ammonia  solution.  Cold  alcohol  dissolves  out  a  volatile  and  a  portion  of  resin ; 
the  residue  being  crystallisable  in  boiling  alcohol  in  delicate  needles,  having  the 
formula  C4«H„0. 

Sandaracis  the  resin  that  exudes  fh>m  Thi^'a  articulata,  a  native  of  Barbary. 
It  forms  pale  yellow  transparent  granules,  having  a  specific  gravity  1*05,  a  faint  odour, 
and  of  somewhat  bitter  taste.  It  is  easily  fusible,  brittle,  and  the  surfiice  of  the  fracture 
haa  a  vitreous  lustre.    Sandarac  is  used  for  incense  and  the  preparation  of  varnish. 

Dammar.  Two  kinds  of  this  resin  occur  in  commerce;  the  East  Indian, 
obtained  from  Pmua  jyanvmara,  forms  large  transparent  and  colourless  or  yellowish 
lumps.  It  is  friable,  odourless,  and  has  a  resinous  taate.  Its  specific  gravity  varies  from 
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1*04  to  1*12.  At  100°  it  becomes  partially  liquid,  and  it  melts  at  160°.  It  u  almost 
entirely  solnble  in  cold  ether  and  in  boilinff  absolute  alcohol,  and  dissolyes  in  fat  and 
volatile  oils.  It  consists  of  an  acid  resin,  dammarylic  acid,  C^^HitO^,  soluble  in  dilate 
alcohol ;  dammarylic  anhydride  C^^HmOs,  soluble  in  absolute  alcohol ;  a  solid  hydro- 
carbon, dammaryl,  C^^H^ ;  and  a  resin,  dammaryl  hydrate,  4C4,H„2HO(?),  insoluble  in 
alcohol  and  ether. 

The  Australian  dammar  resin,  or  kauri e  copal,  is  obtained  from  Damwtara 
au»tralis,  a  native  of  Now  Zealand.  It  forms  large  amber-yellow  slightly  opalescent 
lumps,  is  readily  fusible,  and  perfectly  soluble  in  absolute  alcohol.  It  consists  of  a 
ciystallisablo  acid  resin,  dammaric  acid,  Cf^H^^O,,  and  a  neutral  resin,  HumTwrn^Hin 

Another  resin,  obtained  from  Shorea  robusta,  is  sometimes  mixed  with  East  IndiaD 
dammar.    These  resins  are  largely  used  in  making  varnish. 

Elemi,  obtained  from  species  of  Idea  and  Amyris,  generally  forms  yellowish  or 
greenish  opaque  masses  of  fatty  lustre,  which  soften  between  the  fingers,  are  readily 
fusible,  and  have  a  specific  gravity  of  1*02  to  1*08.  It  is  only  partially  soluble  in 
cold  alcohol,  completely  soluble  in  boiling  alcohol,  and  readily  soluble  in  ether  and 
turpentine  oil.  It  consifiits  of  about  13  per  cent,  of  a  Isevo-rotatory  camphene,  boiling 
between  166°  and  174°  and  having  a  specific  gravity  of  0*85,  a  brown  amorphous 
resin,  and  a  crystallisable  substance  identical  with  amyrin.  Elemi  is  used  chie%  for 
preparing  varnishes  and  in  medicine. 

Mastic,  obtained  from  a  particular  variety  of  Pistachio  Untiscut,  has  the  form  of 
tears  of  a  yellowish  or  greenisn  colour,  covered  with  a  whitish  dust,  and  sometimes 
having  a  fissured  surface.  It  is  tolerably  hard,  has  a  vitreous  fracture,  and  a  fiunt 
balsamic  odour.  It  softens  at  80°,  and  melts  between  105°  and  180°  with  partial 
decomposition.  Its  specific  gravity  is  about  1*07.  It  is  readily  soluble  in  beniol  and 
volatile  oils  ;  ordinary  alcohol  dissolves  about  four-fifths  of  a  resin,  the  composition  of 
which  corresponds  to  the  formula  C40H„O4,  and  a  soft  resin,  masticin,  C|^H,^0, 
remains  undissolved.    It  is  used  in  medicine,  as  incense,  for  dental  cement,  etc. 

La  c  resin,  obtained  from  the  branches  of  Croton  lacciferuvif  and  probably  also 
from  some  East  Indian  species  of  FicuSt  Acacia^  Ziryphus,  Aleurites  lacc^fera^  Croton 
aromaticus,  Butea  frondoaa,  Ficiu  reliffiosa,  ajad  Zizypkus  juorita.  The  female  insect, 
Coccus  laccOj  makes  the  puncture  through  which  the  resm  exudes  and  coots  the 
young  shoots,  enclosing  at  the  same  time  the  body  of  the  insect.  These  shoots  coo- 
stitute  stick  lac  It  consists  chiefly  of  a  brilliant,  brittle,  translucent  resin,  soluble  in 
alcohol  and  wood  spirit,  a  snuiU  proportion  of  wax,  a  difficultly  soluble  resin,  and 
about  10  percent,  of  a  scarlet  pigment  known  as  lac  dye.  The  resin  is  usetl  for 
making  sealing  wax,  French  polish,  and  varnish.  When  the  resin  is  sepamtcd  firom 
the  wood,  the  pigment  is  extracted  with  carbonate  of  sodium,  and  the  insoluble  residue 
forms  seed  lac,  which,  by  melting,  straining,  and  pressing,  gives  shell  lac. 

Shell  lac  contains  a  number  of  substances,  including,  according  to  UnvcrdorbeD. 
oleic  and  margaric  acids.  Lac  is  soluble  in  a  solution  of  borax,  a  property  which 
enables  it  to  be  distinguished  from  more  common  resins  with  which  it  is  frequently 
adulterated. 

Podophyllin  is  a  resin  obtained  from  Podophyllum peltatum.  It  is  soluble  in 
alcohol,  partially  soluble  in  ether,  and  is  chiefly  used  in  medicine. 

Botany  Bay  resin,  obtained  from  the  stem  of  Xanthorrhcea australis,  is  reddish- 
brown,  and  has  a  faint  benzoic  smell.  An  analogous  resin  from  Xanthorrkra 
hastilis,  has  a  stronger  smell  and  a  bright  yellow  colour.  Both  kinds  are  readik 
soluble  in  alcohol  and  ether,  and  when  treated  with  water  yield  gum,  dnnamic  acid, 
and  benzoic  acid.  When  molted  with  potash  they  yield  paraoxybenzoic  acid,  pioto- 
catechuic  acid,  p^*rocatechin,  and  resorcin.  They  are  used  for  colouring  varnishes,  and 
the  yellow  kind  is  used  in  medicine. 

Dragons  blood.  Three  kinds  arc  met  with  in  commerce.  East  Indian  dra- 
gon's blood,  obtained  as  an  exudation  from  the  cortical  scales  of  the  fruit  (^an  East 
Indian  palm.  Calamus  Draco.  Canary  dragon'sblood,  obtained  as  an  exudation 
from  indsioDS  in  the  stem  of  Draoana  Draco.  American  dragon's  blood,  ob- 
tained in  a  similar  manner  from  Pierocarpus  Draco. 

The  first-named  is  the  most  frequently  met  with.  It  is  reddish-brown,  opaque, 
and  bitter,  without  taste  or  odour;  its  specific  gravity  is  1*196.  When  melUc  it 
gives  oif  an  odour  of  benzoic  acid.  It  is  readily  soluble  in  alcohol,  less  so  in  ether; 
also  soluble  in  acetic  acid,  amylic  alcohol,  volatile  and  fat  oils.  It  dissolves  in  alkaline 
solutions  partially,  and  acids  throw  down  a  yellow  prodpitato  from  the  solution. 
The  resin  purified  by  solution  in  alcohol  and  ether  has  a  composition  repros^ted  by 
the  formula  04«H^0g.  When  dragon's  blood  is  melted  with  caustic  potash  DU(m 
benzoic  add  is  obtained,  which  probably  existed  ready  formed ;  also  protocatechoic 
add,  paraoxybenzoic  add,  and  phlorogludn.    By  diy  distillation  it  yields  gaseous 
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products,  and  a  reddish-black  oil  containing  toluol,  stjrol  and  benzoic  acid.    Dragon's 
Dlood  is  nsed  in  medicine,  and  for  colouring  varnishes. 

Guaiacum. — This  resin,  obtained  from  Ouaiaeum  officinale,  a  native  of  the  West 
Indies,  has  the  form  of  irregular  fragments  of  a  greenish  colour,  which  appear  opaque 
externally,  but  internally  are  yellow  or  reddish-brown.  It  is  hard,  very  brittle,  has 
a  conchoidal,  vitreous,  splintery  fracture,  and  gives  a  greyish-white  powder.  The 
smell  is  slight,  agreeable,  and  increased  by  warming.  The  taste  is  at  first  sweetish 
bitter,  and  then  sharp  and  irritating.  It  melts  very  readily.  Its  specific  gravity  is 
about  1'2.  It  is  reaoily  and  perfecdy  soluble  in  alcohol,  partially  and  with  difficulty 
in  ether  or  turpentine  oil.  It  contains  about  10  per  cent,  of  guaiaretic  acid,  C^fi^fii ; 
70  per  cent,  of  guaiaconic  acid,  C^ECj^O, ;  and  a  small  proportion  of  guaiacic  acid, 
0«H,0^  which  is  soluble  in  water,  and  crystallises  according  to  Derille  from  its 
alcoholic  solution  in  needles ;  about  10  per  cent  of  a  neutral  resin,  C49H2,0„,  in- 
soluble in  ether ;  a  cirstalli sable  pigment,  guaiacum  yellow ;  some  gum,  ash  consti- 
tuents, and  mechanical  admixtures.  Guaiacum  resin  readily  melts,  and  when  distilled 
yields,  at  a  temperature  of  about  320®  C,  among  other  products,  the  following :  a 
light  volatile  oil,  guaiacene  C^HgO  (b.  p.  118®  C),  and  a  substance  which  sublimes  in 
crystals,  pyroguaiacin  Cj^ILsO, ;  also  guaiacol  C^HgO,,  a  liquid  probably  homologous 
with  creasote,  and  boiling  at  210®  C.  This  resin  is  remarkable  for  its  susceptibility 
to  oxidation,  and  a  consequent  blue  or  green  colouration.  Reducing  agents  restore 
the  yellow  colour.  By  exposure  to  the  air  the  change  of  colour  takes  place  but 
slowly ;  most  rapidly  in  violet  light ;  while  in  red  light  it  becomes  yellow.  Chlorine 
and  other  oxidising  agents  cause  a  rapid  blue  colouration.  By  dry  distillation 
guaiacum  resin  yields  a  thick  reddish-brown  tar,  containing  guaiacol,  pyroguaiacin, 
guaiacene,  C^H^O,  and  creosol,  CgHipO,.  Melted  with  caustic  potash  it  yields  proto- 
catechuic  acid.    It  is  chiefly  used  in  medicine. 

Myrrh,  obtained  from  BaJsamodendron  Myrrha  and  B,  Ehrenhergianumy  has  the 
form  of  irregular  yellow,  reddish,  or  reddish-brown  fragments.  It  has  a  balsamic 
odour,  and  pungent  bitter  taste.  Its  specific  gravity  is  from  1-12  to  r28.  It  contains 
about  2  per  cent,  of  volatile  oil,  myrrhol,  CigHj^O,  30  or  40  per  cent,  of  resin  soluble 
in  alcohol,  which  melts  at  90®  to  95®,  is  perfectly  soluble  in  ether  and  acetic  acid,  but 
only  partially  soluble  in  caustic  potash,  and  40  or  50  per  cent,  of  gum.  When 
meltea  with  caustic  potash  it  yields  protocatechuic  acid  and  pyrocatechin.  It  is  chiefly 
used  in  medicine. 

0 1  i  b  a  n  u  m,  obtained  in  Africa  from  Bosvoelliafloribunda  and  in  Asia  from  Bostoellia 
serrata,  has  the  form  of  pale  yellow,  sometimes  reddish,  translucent  or  opaque  brittle 
fragments,  having  a  mealy  surface  and  a  splintery  fracture.  Its  specific  gravity  is 
1  *22.  It  has  a  faint  balsamic  odotir  and  a  sharp  bitter  taste.  It  melts  imperfectly, 
giving  off  a  pleasant  odour.  It  consists  of  al>out  4  or  5  per  cent,  of  a  volatile  oil,  56 
per  cent,  of  a  resinous  acid,  30  to  36  per  cent,  of  gum,  and  6  percent,  of  bassorin. 
It  is  chiefly  used  as  incense,  and  to  some  extent  as  m^icine. 

Ammoniacum  is  obtained  from  Dorema  Aucheri  and  Ferula  tingitana.  The 
Persian  variety  forms  milk-white  or  yellowish  granules  and  brownish  masses.  At 
the  ordinary  temperature  it  is  hard  and  brittle.  It  softens  when  moderately  heated, 
but  does  not  thoroughly  melt.  It  has  an  offensive  smell,  and  a  slightly  bitter  acrid 
taste.  It  consists  of  a  resin,  C^fi^O^,  soluble  in  alcohol,  a  strong  smelling  volatile  oil, 
and  some  gum.  African  ammoniacum  has  the  form  of  light  brown  or  yellowish-white 
masses,  and  gives  off  a  benzoic  odour  when  warmed. 

Galbanumis  obtained  firom  Ferula  eruhettcens  and  several  other  varieties  of  Ferula, 
It  has  the  form  of  yellowish  or  brown  granules  or  masses.  It  is  brittle  in  the 
cold,  but  becomes  soft  and  sticky  when  warmed.  The  odour  is  not  disagreeable ;  the 
taste  is  sharp  and  bitter.  It  contains  a  resin,  CsgH^O,,  and  a  volatile  oil  isomeric 
with  turpentine  oil.  By  dry  distillation  the  resin  yields  a  thick  blue  volatile  oil, 
CjpHjjO,  and  crystals  of  umbelliferon,  CgH^Oj.  When  melted  with  potash  it  yields 
reaorcin,  Cfiftf,  oxalic  acid,  and  volatile  fat  acids. 

Assa  foetid  a,  also  obtained  from  several  species  of  Ferula,  natives  of  Persia, 
occurs  as  granules,  more  frequently  in  large  masses.  The  fresh  surface  of  fracture  is 
white,  but  soon  acquires  a  reddish  violet  or  yellowish-brown  colour.  It  is  readily 
fusible,  has  a  very  disagreeable  garlic  odour,  and  a  sharp  bitter  taste.  It  consists  of 
a  sulphuretted  volatile  oil,  2CgH„S,CaH,oS,  ferulic  acid,  C^^U^fi^,  togcthto  with  resin, 
gum,  inorganic  salts,  and  admixtures  of  wood  and  sand.  The  resin  yields,  when 
melted  with  potash,  reeorcin,  protocatechuic  acid,  and  volatile  fat  acids. 

Sagapenum,  obtained  from  Ferula  fzowitziana,  occurs  as  brownish-yellow  or 
reddish-browu  granules  and  masses.  It  softens  when  warmed,  but  does  not  melt  at  a 
higher  temperature.  It  has  a  garlic  odour,  a  sharp  bitter  taste,  and  is  only  partially 
soluble  in  alcohoL  It  contains  a  volatile  oil,  several  kinds  of  rosin,  gum,  ash  consti- 
tuents, and  mechanical  admixtures. 
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0  pop  an  ax,  obtained  &om  the  roots  of  Opopanax  Chironium,  hsLS  the  form  oi 
granules  and  lumps  of  reddish  yellow  or  brown  coloor  and  waxy  fracture,  yielding  a 
yellow  powder.  The  smell  is  strong  and  pecoliar,  somewhat  resembling  garlic ;  the 
taste  is  bitter.  It  is  only  partially  soluble  in  alcohol.  It  contains  a  little  volatile 
oil,  a  lesin  that  melts  at  100°,  gum,  organic  and  inorganic  salts,  and  mechanical 
admixtures. 

Bdellium,  obtained  from  Baisamodendron  africanum  in  Senegambia,  and  B, 
Mukal  in  India,  has  the  form  of  yellow  or  reddish-brown  fragments.  It  softens  between 
the  fingers,  smells  like  myrrh,  and  tastes  bitter.  Carana  resin,  obtained  from 
Bursera  acuminata  in  the  Antilles,  is  soluble  in  alcohol,  ether,  and  alkalies.  Gomart 
resin,  obtained  from  Bursera  gummifera^  in  the  West  Indies  and  South  America,  is 
colourless,  crystalline,  has  an  odour  resembling  turpentine  and  elemi,  and  yields 
about  5  per  cent,  of  volatile  oil.  Mecca  balsam,  obtained  from  BaXtamodjchdrdHi 
gUtademe^  is  a  pale  yellow  thin  liquid,  readily  soluble  in  alcohol  and  ether. 

Tacamahac,  obtained  from  Amyris  totru  ntosa,  has  the  form  of  yellow  or  yellowish- 
brown  translucent  fragments  of  sp.  gr.  1'46,  readily  fusible,  and  soluble  in  alcohol  and 
potash.     It  is  used  as  incense. 

Icica  resin,  obtained  from  species  of /c»ca  in  Cayenne,  has  the  form  of  yellowish- 
white  fragments  or  transparent  granules  of  pleasant  odour,  and  is  soluble  in  alcohol  and 
turpentine  oil.  It  consists  of  two  crystallisable  resins,  brean  and  icican,  and  an 
amorphous  resin,  colophan,  all  of  which  are  insoluble  in  potash. 

Euphorbium,  obtained  from  various  species  oi  Euphorbia^  indigenous  in  Africa 
and  the  Canary  Islands,  has  the  form  of  yellowish  or  brownish-yellow  opaque  brittle 
fragments,  internally  whitish,  without  smell,  but  producing  irritation  to  the  nose  in 
the  form  of  powder.  It  is  partially  soluble  in  alcohol  and  in  water.  It  contains 
about  22  per  cent,  of  a  resin,  euphorbon,  C^Jl^O^  soluble  in  alcohol ;  38  per  cent,  of 
an  amorphous  acrid  resin,  Cjall^oOj;  18  per  cent,  of  gum,  12  per  cent,  of  malates, 
and  10  per  cent,  of  inorganic  salts.     It  is  used  to  some  extent  in  medicine. 

Ladanum,  obtained  from  Cistus  crtticuSy  is  dark  brown,  soft,  has  a  sp.  er.  1*86, 
an  agreeable  odour  and  bitter  taste.  It  consists  of  a  resin  soluble  in  alconol,  and 
another  insoluble  in  alcohol. 

Gamboge,  obtained  chiefly  from  Garcinia  mordlat  a  native  of  Ceylon  and  Siam, 
and  to  some  extent  from  Garcinia  cochinchinensU  and  G.  pictoria,  occurring  throngfa 
a  greater  part  of  India.  It  has  the  form  of  cylindrical  sticks  or  flat  cakes,  and  luts 
externally  a  dirty  greenish-yellow  colour ;  the  fracture  is  a  brilliant  brownish-yellow, 
and  the  powder  bright  yellow.  In  thin  fragments  it  is  translucent.  It  has  no  smell, 
but  a  sharp  irritating  taste.  It  softens  when  warmed  witliout  melting,  gives  off  a 
peculiar  odour,  and  is  partly  decomposed.  It  forms  an  emulsion  in  water,  is  par- 
tially dissolved  by  alcohol  and  more  readily  by  other,  and  contains  about  72  per  cent, 
of  an  acid  resin,  Cnfiifl^,  23  per  cent,  of  gum,  sometimes  with  admixtures  of  starch  and 
woody  fibre.     It  is  used  in  medicine,  as  a  water  colour,  and  for  colouring  vamishra. 

Storax.  The  liquid  variety  is  obtained  from  the  bark  of  Liquid^mbar  orientalt. 
It  has  a  greenish-brown  colour,  and  a  smell  resembling  vanilla  and  benzoin.  It  contains 
styrol,  CgH^  styracin,  C„H,«02,  cinnamic  acid,  benzoic  acid,  and  a  resin  that  is  said  to 
be  metastyrol.  The  solid  variety  is  obtained  from  the  same  tree,  as  an  exudation  that 
has  dried  upon  the  bark  in  the  form  of  yellowish  or  brown  transparent  granules  of 
aromatic  odour ;  it  is  readily  fusible  and  soluble  in  alcohol.  Both  kinds  are  used  in 
perfumery  and  medicine. 

B  0  n  z  o  i  n  is  obtained  from  Siyrax  Benzoin.  It  forms  roundish  reddish-white  frag- 
ments, internally  of  a  white  colour,  and  reddish-brown  masses,  or  a  conglomerate  of 
the  two  kinds.  It  has  an  agreeable  odour,  and  a  sweetish  pungent  taste.  When 
heated  it  melts  and  gives  off  benzoic  acid.  It  is  completely  soluble  in  warm  alcohol, 
and  partially  soluble  in  ether,  and  contains  three  or  four  kinds  of  reein,  together  with 
benzoic  acid,  and  sometimes  cinnamic  acid.     It  is  used  in  medicine,  and  as  incense. 

Peru  balsam,  obtained  from  Myroxylon  Sonstmatensr^  by  bruising  the  bark  of 
the  trees  and  heating  it  with  torches,  has  the  form  of  a  dark  brown  thick  liquid  of 
agreeable  odour,  sharp  irritating  taste  and  a<!id  reaction.  Its  specific  gravity  varies 
from  l'14to  11 5.  It  is  miscible  in  all  proportions  with  absolute  alcohol;  ether 
leaves  a  brown  smeary  residue ;  hot  turpentine  oil  or  almond  oil  dissolves  only  about 
one  half.  Caustic  potash  digested  with  the  balsam  separates  as  an  upper  layer,  an 
oil  consisting  chiefly  of  benzyl  cinnamato  or  cinnamem,  C^Hi^Og,  benzyl  alcohol, 
CylT^O,  benzyl  benzoate,  C,,II,,02,  and  styracin  or  cinnyl  cinnsimate,  C,aU,«0^  The 
alkaline  liquor  contains  cinnamic  acid,  benzoic  acid,  a  resin  soluble  in  alcohol, 
and  another  insoluble  in  alcohol.  Peru  balsam  is  used  in  medicine,  and  in  making 
perfumery,  chocolate,  and  for  similar  purposes.  Another  kind  of  Peru  balsam,  de- 
rived from  the  same  source,  is  obtained  by  pressing  the  fruit ;  it  is  a  thick  pale 
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yellow  liquid,  with  a  smell  resembling  Tanilla.  When  kept  for  some  time  it  deposits 
exystals  of  mjroxocarpin,  C^iB-gflg, 

Tolu  balsam,  obtained  from  Myroxylon  tduiferum,  is,  in  the  fresh  state,  a 
yellowish  transparent  thick  liquid.  By  keeping  it  becomes  reddish-brown  and  viscid, 
ultimately  drying  up  to  a  crystalline  brittle  resinous  mass.  It  has  an  agreeable 
aromatic  odour,  and  a  sweetish  pungent  taste.  The  solid  balsam  softens  at  30°,  and 
melts  between  60°  and  65°.  It  is  perfectly  soluble  in  alcohol  and  chloroform,  and 
partially  soluble  in  ether ;  it  is  almost  entirely  insoluble  in  ethereal  oils  and  carbon 
bisulphide.  With  caustic  potash  of  sp.gr.  1*17  it  forms  a  clear  solution,  and  concen- 
trated sulphuric  add  dissolves  it  with  a  red  colouration.  It  consists  of  toleuo,  CijH,,, 
cinnamic  acid,  benzoic  acid,  a  resin  readily  soluble  in  alcohol,  and  another  sparingly 
soluble  in  alcohol.    It  is  used  in  medicine,  and  in  the  manufacture  of  perfumery. 

Amber  is  so  well  known  that  its  general  description  is  alniest  unnecessary.  Its 
sp.  gr.  is  slightly  greater  than  water,  and  it  becomes  electric  on  friction.  It  is  found 
in  tne  beds  of  brown  coal,  but  is  mainly  gathered  on  the  coasts  of  the  Baltic,  between 
Konigsberg  and  Memel.  after  storms.  About  13  per  cent,  of  amber  dissolves  in  alcohol 
and  about  10  per  cent,  in  ether.  Succinic  acid  is  a  product  of  its  dnr  distillation,  and 
is  accompanied  by  an  cmpyreumatic  oil,  consisting  of  mixed  hydrocarbons,  almost 
identical  in  combination  with  turpentine.  According  to  Schn)tter  it  is  that  portion  of 
the  resin  soluble  in  ether  which  yields  the  succinic  acid,  whereas  the  oil  is  supposed 
to  be  yielded  by  the  part  insolable  both  in  alcohol  and  other. 

When  amber  is  boiled  with  nitric  acid,  camphor  passes  over,  and  succinic  acid  is 
formed  in  the  solution. 

Applications  of  Resins. — Amber  is  mainly  used  for  ornamental  purposes  ;  thus  it 
is  employed  in  making  bracelets,  necklaces,  mouthpieces  of  pipes,  etc. 

Lac  is  used  in  the  stiffening  of  hats,  and  in  the  manufacture  of  the  better  forms 
of  sealing  wax.  Lowig  gives  the  following  proportions  for  a  good  red  wax — 48  parts 
of  shell  lac,  12  of  Venetian  turpentine,  1  part  of  balsam  of  Peru;  these  are  melted 
together  at  a  gentle  heat,  and  incorporated  with  36  parts  of  vermilion. 

Bronzing  lacquer  is  a  varnish  formed  by  mixing  lac  with  about  half  its  weight  of 
sandarach,  and  a  little  Venice  turpentine,  and  dissolving  the  whole  in  10  or  12  parts 
of  alcohol. 

Varnishes. — The  principal  resins  used  for  making  varnishes  are  copal,  anime, 
mastic,  and  sandarach.  The  solubility  of  copal  is  increased  by  powdering  and  expos- 
ing it  to  the  air,  when  it  absorbs  o^gen. 

Spirit  varnishes,  which  dry  rapidly,  are  made  by  dissolving  the  resins  in  turpentine, 
wood  naphtha,  alcohol,  or  a  mixture  of  two  or  all  of  these  solvents. 

Oil  varnishes  are  made  similarly,  but  a  certain  amount  of  drying  oil,  such  as  that 
of  linseed  or  poppy,  is  incorporated  with  the  varnish.  Such  varnishes  diy  more  slowly 
and  furnish  hard  and  durable  coatings. 

Camphor  is  often  used  in  varnish-making,  and  of  late  years  a  number  of  other 
carbon  compounds  have  been  used  in  making  patented  preparations.  Crystal  varnish 
for  maps,  etc.,  is  made  by  dissolving  Canada  balsam  in  refined  oil  of  turpentine. 
Varnishes  are  used,  as  is  well  known,  for  coating  the  surfaces  of  wood  and  metal,  and 
forming  hard,  glossy  crusts  which  protect  the  articles  from  atmospheric  influences  of 
a  destructive  nature. 

Caoutchouc. — This  substance,  which  is  conunonly  known  by  the  name  of  Indian 
Rnbber,  occurs  in  the  milky  juice  of  several  plants,  but  only  a  few,  all  occurring  within 
the  isotherms  of  70°  F.,  yield  it  in  quantities  sufficient  for  industrial  purposes.  It 
occurs  abundantly  in  various  species  of  Hevea,  especially  in  H.  branliensis,  Mull 
^Siphonia  broBiliensis^  Willd.),  and  H.  guyanensis^  Aubl.  {Siphonia  elastic,  Pers.),  the 
juice  of  which  constitutes  as  much  as  0*3  of  the  entire  plant.  These  plants  are  operated 
upon  for  the  extraction  of  caoutchouc  chiefly  in  Brazil,  Guiana,  and  central  America. 
The  product  is  of  good  quality,  and  is  generally  known  as  Para  rubber.  Other 
American  varieties  of  caoutchouc  are  yielded  by  species  of  Castilloa. 

In  Indiii,  especially  in  Assam  and  in  Java,  caoutchouc  is  for  the  greater  part  ob- 
tained from  Fictis  elastica  (Artocarpcse).  In  the  islands  of  the  Indian  Archipelago, 
caoutchrmc  is  obtained  from  Urceola  elastica  ( Apocynese),  the  juice  of  which  is  so  rich 
in  caoutchouc,  that  a  single  specimen  of  this  gigantic  tree  yields  annually  flfty  or  sixty 
pounds  of  that  substance. 

Caoutchouc  is  further  obtained  from  the  following  plants :  Camararia  latifclia 
(Apocynese),  growing  in  South  America;  VaUa gummifera,  growing  in  Madagascar; 
species  of  Landolphia  in  Eastern  and  Western  Africa  :  Tahermtmontana  utilis^  groW' 
ing  in  the  equatorial  regions  of  America  ;  and  from  Willoughbeia  edulis,  and  Melcdinus 
monogynus  (Melodines),  growing  in  India. 

C^utchouc  consists  of  carbon  and  hydrogen,  in  the  proportions  represented  by  the 
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finnnniA  C4H,.  This  formula,  however,  does  not  probably  represent  its  xnolecalar 
constitution,  which  most  be  at  least  CgH,^,  in  which  case  caoutchouc  might  be  con- 
sidered as  a  higher  homologue  of  acetylene.  Caoutdiouc  in  a  state  of  purity  is  a 
white,  transparent  substance,  a  delicate  section  of  it  wheu  placed  under  the  microscope 
exhibiting  a  number  of  small  pores,  which  are,  like  those  of  sponge,  continuous 
throughout  its  mass.  The  specific  gravity  of  caoutchouc  is  0'925.  It  is  a  very  elastic 
body,  but  loses  this  property  when  cooled  down  below  0°,  not  regaining  it  until  its  tem- 
perature is  raised  to  about  35°  or  40^.  On  this  account,  when  an  expanded  piece  of 
caoutchouc  is  cooled  down  to  a  few  degrees  below  0°,  it  retains  its  elongated  form,  and 
does  not  return  to  its  original  shape  until  considerably  warmed.  Pure  caoutchouc  is 
very  adhesive,  freshly  cut  surfaces  of  it  adhering  well  and  firmly,  when  simply  pressed 
together. 

Some  of  the  hydrocarbons  obtained  b^  the  distillation  of  coal  tar  cause  caoutchouc 
to  swell  up,  and  partially  dissolve  it  Oil  of  turpentine  that  has  been  dried  by  distilla- 
tion over  quick  lime  acts  in  a  similar  manner ;  but  better  solvents  than  these  substances 
are  found  in  pure  oil  of  lavender  and  carbon  bisulphide.  The  fatty  oils  dissolve  only 
very  minute  quantities  of  caoutchouc.  Payen  has  shown  that  water  and  alcohol  are 
not  entirely  without  effect  upon  caoutchouc. 

Caoutchouc  is  hardly  attacked  by  chlorine,  and  resists  almost  entirely  the  action 
of  hydrochloric  acid,  and  all  weak  acids.  In  like  manner,  most  gases,  and  also  solu- 
tions of  potash  and  soda,  are  almost  without  effect  upon  it.  On  the  other  hand, 
caoutchouc  is  very  strongly  attacked  by  concentrated  nitric  add  or  sulphuric  acid, 
and  more  especially  by  a  mixture  of  the  two.  Caoutchouc  yields  with  sulphuric  acid 
sulphurous  acid  and  a  carbonaceous  residue ;  with  nitric  acid  it  yields  besiae  a  &t-like 
substance,  oxalic  add  and  camphresinic  acid^CioHi^Or).  Steam  exerts  a  softening  effect 
upon  caoutchouc,  lessening  its  tenacity  very  considerably.  Caoutchouc  heated  alone 
up  to  120°  gradually  loses  its  consistency,  becoming  verv  sticky;  at  a  tempera- 
ture of  from  145°  to  155°  it  is  so  sticky  at  the  surface,  that  it  adheres  readily  to  diy 
solid  bodies.  At  a  temperature  of  about  180°-200°  it  begins  to  molt,  and  apparently 
passes  into  another  modification,  for  caoutchouc  that  has  been  exposed  to  such  a  tem- 
perature remains  sticky  when  cold,  although  its  analysis  shows  it  to  have  the  same 
percentage  composition  (CgHif)  as  before.  At  a  temperature  of  from  200  to  230°,  caout- 
chouc assumes  an  oily  consistency  and  becomes  darker  in  colour. 

If  caoutchouc  be  ignited,  it  bums  with  a  bright,  somewhat  reddish,  and  veiy 
smoky  flame,  evolving  an  unpleasant  penetrating  smell. 

When  submitted  to  destructive  distillation,  caoutchouc  yields  tar-like  products, 
from  which,  by  means  of  fractional  distillation,  hydrocarbons  are  ohtainwl,  Helonginsf 
probably  in  part  to  the  olefino  series,  and  partly  to  the  terpcne  protip.  The  most 
important  of  these  hydrocarbons  are  butylene  (C^H^),  caoutchene  (C,oHie),  isoprene 
rCjH,o),  and  heveene.  The  boiling  points  of  the  products  obtained  by  the  fractional 
distillation  of  caoutchouc  tar  are  very  different,  a  part  lK>iling  at  1 4°,  and  others  at 
33°,  171°,  215°,  etc.  Mo!<t  of  the  substances  thus  separated  from  the  crude  product 
of  distillation  are  good  solvents  for  caoutchouc. 

Among  the  different  sorts  of  raw  caoutchouc  imported  from  various  districts  of 
Asia,  Africa,  and  America,  the  following  may  be  distinguished:  1.  Lipht,  opaque 
caoutchouc,  occurring  in  large  irregular  pieces;  2.  Yellowish,  semi-transparent  caout- 
chouc, occurring  in  irregular  plates ;  3.  A  light  brown  variety,  occurring  in  the  form  of 
pear-shaped  bottles,  spheroidal  lumps,  or  in  twisted  and  woven  bands ;  4.  Another 
brown  variety,  having  an  irregular  cubical  shape  and  rounded  corners  and  edges. 

The  light  colour  and  opacity  of  the  first  kind  depend  upon  its  containing  a  con- 
siderable quantity  of  water,  more  or  less  of  which  every  sort  of  caoutchouc  is  liable  to 
contain.  The  brown  colour  of  most  of  those  sorts  of  raw  caoutchouc  occurring  in  the 
market  is  due  to  admixture,  pure  caoutchouc,  as  already  observed,  being  colourless. 

If  caoutchouc  be  allowed  to  remain  thirty  days  in  water,  its  pores  get  filled  with 
water,  a  consequence  of  which  is  that  its  weight  increases  from  18*7  to  26*4  per  cent, 
and  its  volume  about  15  or  16  per  cent.,  while  on  the  other  hand  its  tenacity  and  ad- 
hesiveness decrease. 

When  thick  pieces  of  caoutchouc  have  become  permeated  with  water,  it  is  ex- 
tremely difiScult  to  deprive  them  again  of  the  entire  quantity  absorbed,  as  upon  dry- 
ing the  caoutchouc,  the  water  escapes  first  of  all  from  the  surface  pores,  ani  these 
then  contracting,  prevent  the  escape  of  water  from  the  interior  of  the  pieces.  On 
this  account,  the  lighter  coloured  kinds  of  caoutchouc,  containing  absorbed  water,  are 
of  less  value,  not  only  because  their  weight  is  thus  increased,  but  also  because,  in 
order  to  expel  such  water  by  drying,  the  pieces  have  to  be  cut  into  thin  bands. 

When  treated  with  boiling  water,  many  kinds  of  caoutchouc  yield  a  roeinoas 
substance. 

Absolute  alcohol,  especially  when  heated,    penetrates  caoutchouc  qoieker  than 
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wat«r.  producing,  like  tho  latter  subatanoe,  n  lighter  coloration  of  the  caontchonc. 
Caontchouc  that  has  been  steeped  in  absolute  alcohol  for  a  space  of  eight  dajs,  the 
alcohol  being  heated  at  intervals,  becomes  more  opaque  and  adhesive,  its  volume  in- 
creases about  9*4  per  cent.,  and  its  weight  about  1 8  per  cent.,  while  tho  alcohol  dissolves 
out  of  it  about  2  per  cent,  of  a  yellow  fatty  oil.  After  the  avaporation  of  the  alcohol 
absorbed  the  caoutchouc  is  not  so  tenacious  as  it  was  before,  while  on  the  other  hand 
it  iff  more  ti'snsparent  and  adhesive. 

Ether,  benzol,  oil  of  turpentine,  carbon  bisulphide,  etc.,  or  mixtures  of  them, 
penetrate  caoutchouc  very  quickly,  cause  it  to  swell  up  and  appear  to  dissolve  it  com- 
pletely. The  solution  is  however  only  a  partial  one,  nearly  tne  whole  of  the  solution 
remaining  in  the  expanded  insoluble  portion,  as  in  a  sponge,  the  entire  piece  retaining 
the  original  shape,  only  much  enlarged.  The  non-soluble  portion  contains  the  brown 
colouring  matter,  while  the  soluble  portion,  upon  evaporation  of  the  solvent,  exhibits 
a  slightly  tinged,  soft,  and  flexible  muss,  which  is  but  slightly  tenacious  or  elastic. 

Caoutchouc  repeatedly  treated  with  anhydrous  ether  gives  up  to  this  solvent  66 
per  cent,  of  an  almost  colourless  substance,  and  34  per  cent,  of  residue  remains  having 
a  oolonr  varying  from  yellow  to  brown. 

Pore  anhydrous  oil  of  turpentine  dissolves  out  from  caoutchouc  49  per  cent.,  leaving 
51  per  cent,  of  residue.  Tho  soluble  portion  is  left,  upon  evaporation  of  the  solvent,  as 
a  bght  brown  mass,  tho  insoluble  residue  being  darker  coloured.  But  if  the  oil  of 
turpentine  contain  a  mere  trace  of  any  resinous  body,  the  soluble  as  well  as  the 
insoluble  portion  assumes  a  sticky  consistency,  dries  difficultly,  and  decomposes 
readily  when  exposed  to  the  air. 

Caoutchouc  that  has  been  exposed  for  a  long  time  to  the  action  of  the  sun's  rays 
in  a  wazm  atmosphere  undergoes  a  peculiar  change  which  has  been  termed  solarisa- 
tion,  its  surface  becoming  less  elastic ;  anhydrous  benzol  then  extracts  from  it  a 
substance  which,  upon  the  evaporation  of  the  solvent,  docs  not  possess  the  elasticity 
and  tenacity  of  ordinary  caoutchouc,  but  is  friable  and  brittle. 
*  That  this  decomposition  is  owing  to  a  process  of  oxidation  may  be  seen  from  the 
following  results  of  an  analysis  by  Spiller  of  some  solarised  caoutchouc : — 

Carbon 6800 

Hydrogen 8*50 

Oxygen 27*50 

Purs  caoutchouc,  as  already  observed,  contains  only  traces  of  oxygen.  Ghitta 
percha,  under  the  same  conditions,  undergoes  a  similar  decomposition. 

A  very  peculiar  behaviour  is  exhibited  by  caoutchouc  in  respect  to  sulphur. 
When   these   two   substances  are  melteil  together,  caoutchouc  absorbs   indefinite 

ritities  of  sulphur,  but  when  only  a  comparatively  small  quantity  has  been  absorbed, 
caoutchouc  does  not  present  any  alteration  of  its  chief  physical  properties.  This 
product  of  the  action  of  sulphur  upon  caoutchouc  is  termed  vulcanised  caout- 
ehoue.  When  caoutchouc  has  been  mode  to  absorb  much  sulphur,  a  solid  mass  is 
obtained  having  a  hornlike  consistency,  and  called  vulcanite. 

Oumtchouc  is  prepared  by  inspissating  the  milky  juice  of  the  plants  yielding  it. 
Tht  juict,  not  containing  it  in  solution  but  suspeudetl  in  it  in  a  very  fine  state  of 
drTiiiGO,  is  generally  obtained  by  cutting  the  bark  of  the  tree  so  as  to  rupture  the 
latidferous  vessels,  situated  principally  in  the  middle  layer  of  bark,  or  mesophlcBum ; 
cue  should  be  always  taken  not  to  cut  sufficiently  d(H)p  to  injure  the  cambium  layer 
^nndemeath.  The  cuts  are  sometimes  made  in  a  spiral  form,  and  sometimes  as  two 
Mvies  of  diagonal  incisions  running  into  a  common  channel  cut  porp^idicularly  in  the 
''^Dk.  The  juice  flows  into  hollows  made  at  the  Itottora  of  tho  tree.  The  plants  do 
'^  yield  any  juice  from  the  trunk  during  the  flowering  period,  and  the  tapping 
5^P^tion  should  not  be  performed  at  that  time,  nor  during  tho  wet  season,  as  the 
J'wca  then  contains  a  larger  proportion  of  water. 

,The  inspissation  has  to  be  performed  as  rapidly  as  possible,  as  the  juice 
***ily  decomposes  and  becomes  sour,  especially  in  the  sun.     It  is  sometimes  heated 


^T*^  a  fire  in  clay  moulds  of  various  forms.    A  thick  mass  of  caoutchouc  being  difficult 

^^^ly  throughout,  only  small  quantities  of  juice  are  trcAted  at  a  time,  to  wMch  other 

£?^ons  are  added  successively,  lumps  of  caoutchouc  of  any  desired  thickness  being 

^Jl^  obtained.    The  caoutchouc  thus  dried  together  with  the  clay  mould  is  then 

fy^^  in  water,  and  the  softened  clay  removed ;  the  product  thus  obtained  is  known 

?*  ^w  caoutchouc.     In  other  places  the  juice  is  often  dried  with  the  smoke  of  a  fire 

^1  >rooden  moulds.    In  the  East  Indies  it  is  often  dried  directly  in  the  air  in  the 

^^*Urws  at  the  foot  of  the  trees,  protected  however  from  direct  sunlight. 

Anthoine  exhibited  at  Paris  in  1855  caoutchouc  separated  from  the  juice  by  the 

ition  of  from  2  to  3  per  cent,  of  spirits  of  wine.    The  juice  thus  treated  fomui 

layers,  the  upper  containing  the  coagulated  caoutchouc,  which  is  removed 


732  RESIN,  ETC. 

and  thrown  upon  a  piece  of  linen  Rtretched  upon  a  frame  and  lying  upon  sand ;  the 
water  then  filters  into  the  sand  and  the  caoutchouc  is  dried  in  the  air.  A  method 
somewhat  similar  to  the  above  is  employed  in  St.  Salvador,  where  the  fraoh  juice  if 
mixed  with  double  its  volume  of  water,  and  allowed  to  stand  twenty-four  hours,  when, 
as  in  the  former  case,  the  caoutchouc  forms  a  layer  upon  the  surface  of  the  water.  It 
is  washed  several  times  with  wtiter,  a  small  quantity  of  a  solution  c^  alum  is  added, 
the  caoutchouc  separated  from  the  water,  and  dried.  In  Nicarngua  the  coagulation 
of  the  juice  is  effected  by  the  addition  of  the  juice  of  other  pLint^.  one  of  which  has 
been  identified  as  the  IpoTnaa  bona-nox. 

Caoutchouc,  as  already  observed,  occurs  in  the  market  in  various  forms.  A  rery 
excellent  and  pure  caoutchouc  is  that  imported  from  Para  (Brazil).  It  is  more 
valuable  than  other  sorts  of  caoutchouc,  and  occurs  in  the  form  of  pear  or  bullet 
shaped  bottles,  having  an  exterior  diameter  of  about  5  inches,  with  sides  2  inches 
thick,  or  in  the  form  of  roimd  disks,  2  inches  thick  and  8  inches  in  diametev,  or  in  the 
form  of  plates  of  the  same  thickness  as  the  disks. 

From  Java  a  brown,  very  elastic  kind  of  caoutchouc  is  imported,  containing  how- 
ever 10,  and  sometimes  15  percent,  of  foreign  admixtures.  It  occurs  in  the  market  in 
the  form  of  cubical-shaped  pieces,  from  8  to  10  incho:}  in  length,  which  arc  formed  from 
plates  and  bands  pressed  U^etlier. 

From  Valparaiso  (Chili)  is  imported  a  darker  brown  sort  of  caoutchouc,  more 
elastic  than  the  above,  and  occurring  in  thick  plates. 

The  caoutchouc  imported  from  Gabon,  in  Africa,  is  of  a  lighter  colour,  containing 
water;  it  is  elastic,  but  more  easily  decomposed  under  the  ivction  of  light  and  air  than 
that  from  Valparaiso.    It  occurs  in  broad  thick  ribands. 

From  Cartbagena  (Now  Granada)  caoutchouc  is  imported  in  the  form  of  brown, 
fibrous  plates,  that  are  tolerably  elastic 

The  caoutchouc  imported  from  Buenos- Ayres  occurs  in  thick  shapeless  pieces,  white, 
and  containing  water. 

From  Assam  (Asia)  caoutchouc  is  imported  in  irregular  blocks,  formed  of  light  and 
dark  kinds  kneaded  together;  it  often  contains  foreign  substances,  as  well  as  a  con- 
siderable amount  of  water ;  it  has  good  elastic  properties,  but  decomposes  gradually 
on  exposure  to  light  and  air. 

Vizagapatam  exports  a  peculiar  kind  of  caoutchouc,  which  at  present  has  not 
found  much  employment.  It  occurs  in  the  market  in  the  form  of  hard,  unelastic 
plates,  from  ^  to  ^  inch  thick,  which  become  soft  and  sticky  when  heated,  resuming 
their  original  properties  upon  cooling. 

A  great  quantity  of  caoutchouc  comes  to  Europe  which  has  got  damaged  by 
fermentation,  produced  by  the  watery  sap  enclosed  in  it. 

Caoutchouc  has  been  known  and  used  in  South  America  and  India  for  a  very 
long  time.  It  ibund  its  way  into  Europe  at  the  beginning  of  the  18th  century, 
having  l>een  introduced  by  M.  de  la  Condamine,  who  sent  specimens  of  the  substance 
from  Peru  to  Paris,  and  at  the  same  time  made  known  the  f&ct  that  it  was  obtained 
by  drying  the  milky  juice  of  certain  plants.  In  1751  MM.  Fresnau  and  Maoquer 
discovered  the  caoutchouc  tree  in  Cayenne,  and  shortly  afterwards  communicated 
details  as  to  the  method  of  obtaining  caoutchouc 

For  a  long  time  the  only  employment  made  of  caoutchouc  was  for  rubbing  oat 
from  paper  the  marks  of  a  lead  pencil,  and  hence  its  name  Indian  rubber;  in  1790,  it 
was  used  for  making  gum  balls,  elastic  bands,  valve  springs,  and  for  rendering  coarse 
tissues  impervious  ;  in  1791  M.  Grassart  made  tubes  of  it.  In  1820  M.  Nadler  sac- 
ceeded  in  catting  caoutchouc  into  threads  fine  enough  for  preparing  various  objects, 
and  especially  elastic  tissues.  A  few  vecurs  later  Mr.  Mackintosh  perfected  the  manu- 
facture of  caoutchouc  tissues,  rendered  them  impervious  to  water  by  employing  a  mix- 
ture of  oil  of  turpentine  and  caoutchouc,  and  made  waterproof  mantles  of  this  article. 
It  waa  not,  however,  until  thei  discovery  of  the  method  of  vulcanising  caoutchouc 
that  caoutchouc  found  the  extensive  employment  it  now  enjoys. 

The  first  patent  for  a  method  of  sulphurating  caoutchouc  was  taken  out  in  1889, 
by  Mr.  Goodyear  in  the  United  States,  but  he  gave  at  that  time  neither  the  amount 
of  sulphur  nor  the  temperature  necessary  for  its  combination.  He  made,  however, 
in  1844  a  more  complete  report  upon  the  properties  and  advantages  of  sulphurated 
caoutchouc,  and  the  process  being  so  akin  to  the  attributes  of  the  Vulcan  of  Mythology, 
was  termed  by  Mr.  Brockedon,  vulcanisation,  which  name  it  has  retained. 

In  the  same  year  Mr.  Hancock  produced  vulcanised  caoutchouc  by  usiog 
a  bath  of  molten  sulphur.  In  1846  Mr.  Parkes  described  the  process  of  vul- 
canising caoutchouc  by  means  of  a  mixture  of  carbon  bisulphide  and  anlphur 
chloride. 

Caoutchouc  juice  is  not  simply  an  emulsion  of  caoutchouc  in  wutcr,  as  it  oontainv 
other  conatituenta. 
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Fanday  analysed  a  specimen  of  caoutchouc  juice  imported  finum  America,  which 
upon  diying  yielded  45  per  cent,  of  caoutchouc.    He  found  it  to  contain — 

Caoutchouc 37  70  per  cent. 

Vegetable  albumin 1'90    „      ,, 

A  bitter  nitrogenous  substance,  soluble  in  alcohol  and 

in  water 7*13    „     „ 

A  substance  insoluble  in  alcohol 2'90    „ 

Water 66-47    „ 

Adrian!  giTes  the  following  results  of  an  analysis  of  the  sap  of  Ficus  ekutiea 
obtained  upon  making  an  incision  in  a  terminal  bud : — 

•   Caoutchouc 9*57  per  cent. 

A  substance  soluble  in  alcohol,  but  insoluble  in  ether  .      1  '58    „      „ 
An  organic  acid  in  combination  with  magnesium         .      0'36    „      „ 

A  substance  insoluble  in  water 2*18    „      „ 

Salts  of  sodium  and  potassium traces 

Water 82*30    „      „ 

It  follows  from  the  above  analyses  that  the  caoutchouc  of  commerce  is  not  pure 
caoutchouc,  for  when  prepared  by  simply  drying  the  sap  it  contains,  besides  caoutchouc, 
all  the  other  constituents  of  the  sap,  such  as  albumin,  resinous  substances,  salts,  etc. 
When  caoutchouc  is  prepared  by  separating  it  from  the  sap  and  washing  with  water 
it  is  certainly  purer,  being  then  free  from  substances  soluble  in  water,  but  it  still 
contains  substances  insoluble  in  that  menstruum. 

It  has  been  attempted  to  import  caoutchouc  juice  in  the  fresh  state.  It  retains  its 
quality  without  becoming  acid,  when  mixed  with  a  small  percentage  of  ammonia 
water  (5  to  7  per  cent.),  and  kept  in  vessels  hermetically  closed. 

Vulcanisation  of  Caoutchouc. — Before  the  discovery  of  the  process  of  vulcanising 
caoutchouc  had  nothing  like  the  extensive  employment  which  it  now  enjoys,  for  its 
property  of  becoming  soft  at  a  temperature  of  from  30°  to  50°,  and  of  becoming  very 
hard  at  temperatures  below  0°,  rendered  its  employment  in  either  very  hot  or  very 
cold  climates  impossible. 

These  inconvenient  properties  of  caoutchouc  are  got  rid  of  by  combining  it  with 
sulphur ;  when  thus  combined  it  retains  its  elasticity  and  fiexibility  at  temperatures 
varying  from  20°  to  180°.  Its  adhesive  property  is  however  entirely  lost,  and  on  this 
account  it  is  not  possible  to  ccmbine  pieces  of  vulcanised  caoutchouc  by  simple  pres- 
sure. 

If  a  plate  of  caoutchouc,  from  A  to  ^  inch  thick,  be  plunged  into  melted  sulphur 
having  a  temperature  of  from  115°  to  120°,  and  kept  in  it  for  two  or  three  hours,  the 
caoutchouc  absorbs  from  1 5  to  20  per  cent,  of  its  weight  of  sulphur,  without  its  phy- 
sical properties  becoming  materially  altered.  It  is  as  elastic  as  before,  and  pieces  of 
it  can  be  united  by  the  aid  of  pressure.  Just  as  little  change  takes  place  when  caout- 
chouc is  either  brought  into  contact  with  sulphur  dissolved  in  carbon  bisulphide,  or 
kneaded  with  sulphur  at  a  temperuture  of  from  25°  to  40°,  but  its  porosity  is  dimin- 
ished by  its  pores  having  become  filled  with  sulphur. 

If  Ciioutchouc,  thus  penetrated  with  sulphur,  be  heated  up  to  132°  or  140°,  an  im 
portant  change  takes  place  in  a  few  minutes ;  long  exposure  to  this  high  temperature 
deprives  it  of  its  flexibility;  it  becomes  hard  and  uni'lastic.  It  is  then  capable  of 
taking  up  enough  sulphur  to  constitute  48  per  cent,  of  the  entire  vulcanised  product ; 
this  would  remain  even  after  treatment  with  potash  or  soda,  which  are  unable  to  dis- 
solve out  the  sulphur  thus  chemically  combined. 

By  the  action  of  sulphur  upon  caoutchouc,  some  sulphuretted  hydrogen  is  produced 
and  the  melted  bulphur  is  capable  of  absorbing  a  quantity  equal  to  its  own  volume.  This 
gives  rise  to  the  following  curious  phenomenon.  If  a  piece  of  caoutchouc  be  dipped 
in  a  sulphur  bath,  and  the  bath  then  allowed  to  cool,  at  the  moment  of  crystjillisation 
of  the  sulphur,  the  sulphuretted  hydrogen  that  had  been  retained  in  the  liquid  sulphur 
escapes,  and  being  then  mechanically  imprisoned  between  the  crystals  of  sulphur, 
causes  a  rising  of  the  whole  mass. 

In  a  compound  of  caoutchouc  and  sulphur  containing  only  1  or  2  per  cent,  of  the 
latter,  the  relation  between  the  carbon  and  hydrogen  of  the  caoutchouc  is  not  percep* 
tibly  altered.  Caoutchouc,  when  sufficiently  vulcanised,  does  not  contain  more  than 
1  or  2  per  cent,  of  sulphur  in  a  state  of  chemical  combination;  the  rest,  which  often 
amounts  to  from  5  to  15  per  cent.,  may  be  extracted  by  treatment  with  caustic  potash 
or  sodn.  Sulphur  which  has  been  simply  mechanically  retained  in  vulcanised  caout- 
chouc, if  not  removed  by  the  agency  of  solutions  of  soda  or  potash,  escapes  in  course 
of  time  through  the  pores  of  the  caoutchouc  in  the  form  of  a  fine  powder.    This 


784  BESIN,  ETC. 

efflareflcence  also  occurs  when  caoutchouc  plates,  into  which  an  excess  of  sulphur  has 
boon  kneaded,  are  allowed  to  remain  at  rest  for  a  long  time. 

Carbon  bisulphide,  benzol,  and  oil  of  turpentine,  also  cause  vidcanised  caoutchouc 
to  swell  up,  its  volume  increasing  ninefold  upon  long  contact  with  these  liquids. 
Sulphur  not  chemically  combined  is  then  dissolved,  and  can  be  extracted  by  this 
means. 

The  several  sorts  of  caoutchouc  differ  considerably  in  their  capacity  for  absorbing 
water.  Payen  conducted  comparative  experiments  with :  1.  Non- vulcanised,  or  iresh 
caoutchouc;  2.  With  vulcanised  caoutchouc;  3.  With  desulphurised  caoutchouc; 
and  found  that  the  first  absorbed  from  20  to  26  per  cent,  of  water,  the  second  4*2  per 
cent.,  and  the  third  6*4  per  cent. 

Further,  a  bottle  with  sides  ^  inch  thick,  filled  with  water  under  pressure  in  such 
a  manner  that  its  diameter  becomes  doubled,  loses  by  evaporation  in  twenty-ibur 
hours  and  at  a  temperature  of  16°  C,  for  every  square  yaid  of  surface,  about  280 
grains  of  water  when  made  of  common  non -vulcanised  caoutchouc,  and  only  about 
60  grains  when  made  of  vulcanised  caoutchouc.  Balloons  of  this  kind  filled  with  air 
under  a  similar  pressure,  and  at  the  same  temperature,  do  not  suffer  any  noticeable 
loss. 

The  Vulcanirinff  Process, — There  are  various  methods  now  in  use  for  vulcanising 
caoutchouc.  The  first  English  patent  was  taken  out  by  Mr.  Hancock.  It  consists  in 
dipping  the  caoutchouc  into  sulphur  melted  in  an  iron  vessel,  at  a  temperature  of  from 
116°  to  120°,  and  allowing  it  to  remain  until  it  has  absorbed  equally  throughout  its 
mass  about  16  per  cent,  of  sulphur.  After  the  caoutchouc  has  been  taken  out  of  the 
sulphiir  and  got  cool,  its  exterior  adherent  coating  of  sulphur  is  scratched  ofE,  and  it 
is  then  heated  to  between  132°  and  140° ;  an  operation  technically  termed  burning 
the  caoutchouc,  as  it  is  when  this  temperature  has  been  attained  that  the  sulphur 
combines  chemically  with  the  caoutchouc,  and  produces  in  it  that  marvellous  change 
which  distinguishes  vulcanised  caoutchouc  from  common  caoutchouc 

According  to  Mr.  Qoodyear's  method,  powdered  sulphur  is  kneiided  with  caout 
chouc,  ina-machine  constructed  for  the  purpose,  until  it  has  taken  up  from  10  to  16  per 
cent,  of  sulphur ;  it  is  then  heated  up  to  and  kept  nt  a  temperature  of  from  132°  to 
140°,  until  it  has  chemically  combined  with  about  2  per  cent  of  sulphur. 

Mr.  Parkes,  of  Birmingham,  introduced  the  use  of  carbon  bisulphide  in  the  sul* 
phuration  of  caoutchouc.  According  to  his  process,  pieces  of  caoutchouc  are  dipped, 
for  a  length  of  time  varying  with  their  thickness,  into  a  mixture  of  100  parts  of 
carbon  bisulphide,  and  2|  parts  of  sulphur  chloride.  The  liquid  penetrates  the  caout- 
chouc, causing  it  to  swell  up,  a  part  of  its  hydrogen  being  replacetl  by  sulphur  derived 
from  the  sulphur  chloride.  When  taken  out,  the  pieces  are  rapidly  dried  in  a  current 
of  dry  air.  In  the  case  of  thick  pieces,  it  is  necessary  to  dip  them  often,  so  as  to 
insure  their  thorough  penetration  by  the  liquid. 

This  method   of  Parkos  was  improved    by  06rard,  who  suggested   dipping  the 
pieces  of  impregnated  caoutchouc  into  lukewarm  water  immeiliately  after  their  re- 
moval from  tne  bath,  so  as  to  avoid  the  reaction  of  the  sulphur  chloride  upon  the  sur-  . 
face  of  the  caoutchouc  during  the  drying ;  the  sulphur  chloride  becoming  decomposed 
upon  contact  with  the  water. 

Another  method  is  also  due  to  Mr.  Parkes,  according  to  which  the  caoutchouc  is 
kneaded  together  in  a  kneading  machine,  with  from  10  to  13  per  cent,  of  a  solid  mix- 
ture of  sulphur  and  sulphur  chloride,  until  a  complete  mixture  has  taken  place. 

Gerard  introduced  a  method  of  vulcanising  caoutchouc,  which  consists  in  heating 
the  caoutchouc  for  three  or  four  hours  with  a  solution  of  calcium  pentasulphide,  having 
a  specific  gravity  of  from  1*200  to  1*246,  at  a  temperature  of  143°  C,  and  under  a 
pressure  of  four  atmospheres.  The  liquid  penetrates  pieces  of  caoutchouc,  which  are 
not  too  thick,  completely,  affording  them  the  necessary  quantity  of  sulphur  with 
which  they  combine.  After  removal  from  the  bath,  they  only  require  to  be  washed 
with  water  and  dried. 

Gerard's  '  alkaline  caoutchouc,'  which  is  said  to  resist  most  reagents  well,  is  pre- 
pared in  the  following  way.  The  caoutchouc  (100  parts)  cut  into  ribands  is  covered 
with  a  mixture  consisting  of  6  parts  of  powdered  sulphur,  and  from  6  to  10  parts  of 
powdered  calcium  hydrate,  and  kneaded  together  with  this  powder  by  means  of 
hollow  cylinders,  heated  internally  by  steam  to  40°  or  60°,  until  a  combination  of  the 
powder  with  the  caoutchouc  has  taken  place.  The  next  operation  is  to  heat  the 
caoutchouc  thus  treated,  for  one  and  a  half  or  throe  hours  in  hermetically  closed 
vessels,  either  in  steam  or  water  according  to  the  thickness  of  the  pieces.  This 
causes  a  combination  of  sulphur  with  the  caoutchouc  a  part  of  the  sulphur  and  lime 
being  dissolved  out  as  calcium  sulphide  and  hyposulphite.  This  method  yields  a  tqI- 
canised  rubber  more  sulphuretted  internally  than  externally,  so  that  its  suifSioe  is  ledS 
friable  and  brittle. 
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PropositiODS  were  made  in  the  first  instance  by  Mr.  Hancock,  and  afli'rwurds  by 
others,  to  replace  sulphur  by  other  substances  for  vulcanising  purposes.  Of  the  sub- 
itanoes  proposed  may  l>e  mentioned  artificially  prepared  antimonous  sulphide,  mixtures 
of  doc  white  and  sulphur,  of  pipe  clay  and  sulphur,  lead  hyposulphite  p.nd  sulphide, 
and  lead  sulphide  and  bismuth  sulphide. 

Ikcompontum  of  Vulcanised  Caoutchouc, — If  vulcanised  rubber  be  heated  for  any 
length  of  time  to  130°  0.  in  contact  with  metals,  a  double  reaction  takes  place  ;  on 
the  one  side  free  sulphur  combines  with  the  caoutchouc  rendering  it  too  strongly  sul- 
phurated, and  at  the  same  time  a  sulphide  of  the  metal  is  2)roducod. 

Vulcanised  caoutchouc  when  exposed  to  light  and  air  also  undergoes  oxidation, 
which  renders  it  brittle.  According  to  Gcraid,  this  objectionable  propertv  may  be 
overcome  by  mixing  the  caoutchouc  before  vulcanisation  with  some  anhydrous  coal 
tar. 

Vulcanised  caoutchouc  does  not  swell  up  so  much  in  benzol  as  non-vulcanised 
Raontchouc  Ether  or  carbon  bisulphide  dissolve  out  from  it  about  4  or  6  per  cent. 
of  caoutchouc,  as  well  as  the  chemically  uncombinod  sulphur.  Vulcanised  ca')utchouc, 
when  immersed  for  two  months  in  a  mixture  consisting  of  10  parts  of  carbon  bisul 
l^de  and  4  partK  of  absolute  alcohol,  yields  to  this  menstruum  25  per  cent,  of  caout- 
chouc and  10  per  cent,  of  sulphur,  65  per  cent,  remaining  behind.  That  vulcanised 
caoutchouc  is  less  easily  penetrated  by  liquids  than  ordinary  caoutchouc  has  already 
been  mentioned. 

Desidphuration  of  Vulcanised  Caoutchouc. — An  excess  of  sulphur  in  .vulcanised 
rubber  may  act  very  injuriously  ;  methods  have  thircforo  been  devised  for  getting  rid 
of  the  chemically  uncombined  sulphur.  This  is  generallv  e£fecte<l  by  boiling  the  vul- 
cani.*<ed  caoutchouc  in  a  solution  of  caustic  soda  or  potash,  until  the  excess  of  sulphur 
is  dissolved. 

Vnlcaniseil  ca^mtchouc,  thus  desulphurated,  is  quite  as  durable  as  that  which  has 
not  been  so  treated :  it  ha.<«  however  this  inconvenience,  that  tul)es  made  from  it 
become  after  a  time  stiff,  and  when  packed  together  for  any  length  of  time,  stick  to 
one  another.  They  soon  regain  perfectly  their  former  ductility  and  elasticity,  when 
stretched  strongly  a  few  times. 

To  prepare  Threads  of  Raw  Caoutchouc. — The  most  regularly  shaped  and  least 
TMicnlar  bottles  of  Para  caoutchouc  are  softened  in  hot  water,  cut  in  two,  and 
pressed  into  disks  between  strong  metal  plates  at  a  temperature  of  100°,  and  they 
retain  the  discoid  form  upon  cooling.  These  disks  are  then  fastened  to  a  rotatory 
apparatus  with  their  centre  opposite  a  circular  knife  in  rapid  motion,  upon  contact 
with  which  the  entire  disk  is  cut  up  into  a  band  having  a  spiral  form.  Adhesion  of 
the  caoutchouc  to  the  knife  is  prevented  bv  keeping  the  knife  constantly  wet  with 
water.  The  bands  are  next  passed  through  circular  slitters,  by  which  they  are  cut  into 
long  threads.  Such  threads  are  of  the  most  clastic  and  durable  kind,  but  possess  the 
inconvenient  property  of  becoming  hard  at  a  temperature  a  little  below  0°,  and  soft 
a  little  above  30°.  For  weaving  purposes  they  are  cooled  below  0°  C,  and  the  fabric 
Aftrrwards  rendered  elastic  by  raising  its  temperature  to  45°. 

JPurification  of  Raw  Caotttchouc. — Caoutchouc,  as  it  is  found  ii)  the  market,  gene- 
rally contains  a  number  of  impurities,  consisting  partly  of  mechanically  enclosed 
woody  particles,  leaves,  etc.,  and  partly  of  normal  constituents  of  the  caoutchouc  sap ; 
it  has  therefore  in  most  cases  to  undergo  a  process  of  purification  before  it  can  be 
BMde  use  of  for  industrial  purposes.  For  this  purpose  it  is  first  softened  in  warm 
water,  then  cut  by  means  of  a  circular  knife  into  pieces  of  \  inch  to  2  inches  in  thick- 
'■^■s.  and  finally  squeezed  between  a  couple  of  rollers  over  which  a  continuous  gentle 
'^''Bam  of  water  is  permitted  to  flow.  These  rollers  are  either  equal  in  diameter 
C^bout  16  inches),  and  one  rotates  more  slowly  than  the  other,  or  they  have  unequal 
^'^Qieteni  and  similar  rates  of  rotation.  The  pieces  of  caoutchouc  are  thus  pressed 
•yd  torn  into  the  form  of  broad  shreds,  so  that  they  offer  the  largest  possible  amount 
^'^SYurfjsce  for  being  washed  in  a  solution,  consisting  of  warm  dilute  caustic  soda  into 
^Qich  they  arc  next  plunged.  In  some  places  a  rag  machine,  similar  to  that  used  in 
^P«r  manufactories,  is  employed,  instead^f  the  mill  used  for  tearing  the  pieces  of 
Tj'^^tchouc.  In  this  case,  however,  the  caoutchouc  must  have  been  already  torn  to 
I  '^ttds.  The  raw  caoutchouc  imported  from  Brazil  is  purer  than  that  from  India,  ami 
[2|^  not  need  this  energetic  cleansing  process ;  it  only  requiring  a  single  laceration 
**^  simple  washing  wi3i  water. 

Reunion  of  washed  Caoutchouc  is  effected  by  kneading  the  pieces  in  an  apparatus 
^'^ed  the  wolf  (figs.  504  and  605).  This  consists  of  a-  strong  cylinder  of  sheet  iron 
^^*ied  into  two  parts,  the  lower  part  (bw)  being  fixed,  while  the  upper  part(cc) 
*J^«s  on  an  hinge  (o),  and  can  be  opened  b^  aid  of  a  handle  (m).  A  strong  iron 
^^^  (▲)  furnished  with  teeth  rotates  in  the  interior  of  the  cylinder,  making  from  60 
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Iba.  of  wall  *iuh«ii  and  dried  taoulchonc  iltrHU  an  throvn  into  the  cj-licden  M,  thi 

alinder  ii  then  finnlr  cliwd,  and  rhs  nllcr  i  Mt  io   mutioD.     Tile  pieees  of  OkWt- 
uoe  BR  kneadeil  su'd  •qii>-ti»l  Uierthcr  in  thE  ciimfaniiri'lT  oam*  apace  Iwl  ■■!■ 
tha  inteiior  nilea  of  the  cylinder  nirl  the  roller,  nntil  thej  b«ciine  onitri  iato  >  flsgie 

For  the  flnt  tenor  fiftem  minntesin  all  seuons.  nnd  for  the  whole  lime  dsris;tbt 
winCcT.  tha  onion  of  the  pieca  is  ficilicaied  bj  heating  the  ejlinder  to  4i-C.  by  ^etugg 
■team  into  be  thp^osh  the  cork  (a).    Tbe  extent  of  cunglomtnti'jr  i;  obeerred  br 

The  caontchooc  Inmp.  lieing  noder  cmndcrable  pnaanre  in  the  eTiiaier.  alEei*  in 
■hape  Ttij  much  when  taken  oat.  After  a  lap»  of  about  ten  minntli  it  asmna  iIm 
form  depeted  in  Sgt.  A06  asd  jO*. 
baring  s  diameter  of  abont  7  or  S 
inchaa.  and  Icins  aloot  16  i=ehe*ia 
length,  white  th'  anrfice  of  the 
nller  ia  onl;  a!->at  2)  tacbf*  «[ut 
from  (he  interior  of  the  (ides  r-t  die 
cylinder,  and  the  ends  of  ;b' 
3.  SOT.  Ptiinder  onlj  about  14  ini;hes  a[ttn 

from  cath  other. 
rolnlioJi  '.f  the  roller  is  as  much  nr  5  or  6  horn 
■enltrcd  atiukj  hj  tbe  hwil  produced  br  friction,  etc- 
ylinder  and  has  to  l-e  torn  away  ly  tiw  roller;  tbe 
rolutiona  in  a  minnie.  and  the  caontchonc  Ininp  only 
idcrguDa  lOTenil  impruTemcnta.  liuiiwl  employed  a 
'   "  le  the  bonooi  of 
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The  force  reqoired  for  tha  i 

powT,  aa  the  eaoatchoae  ma.", 

ailherea  tutt  to  tbe  fiidea  of  the 

rollar  making  from  80  to  KJO  r 

3  or  4.     This  nppuata-i  has   i 

Anted  roller  in  the  place  of  ihe  toothed  one  ;  Aabert  and  Grrard   1 

tha  cylinder  aim  with  quaclrilutenl  teeth. 

IJolling  mills  hare  been  much  used  leeently  inatead  of  the  wolf,  being  mora  simple 
and  not  requiring  the  applioilion  of  e-i  mnc'i  force. 

Hr.  GoodyMr'a  mlling  mill  cunsi^la  of  two  strong  hollow  rollen  of  wrought  iran. 

?laeed  either  Hgainrt  or  over  each  iicher,  anrl  aet  within  i  or  J  inch  of  oDe  atotber. 
he  collent  aie  besWd  by  uteam,  ami  Ibe  dried  and  wnahed  pieces  of  u<outcboue  an 
preeaed  l>rtween  them  antil  they  appear  bomogeneona  throat:hout,  Sumetimeii  one  of 
the  rollers  is  fluted  pamllel  tn  itn  axis,  and  mtatps  1^  timcH  more  frequently  thao  tba 
other.  The  rollers  generally  lie  perpendicnlarly  one  aboiB  the  other,  and  hare  a 
iameterof  13  inchi      '   '  "'       " 


f  13  inches,  being  capable 


king  Dp  at  0 


length  of  2^  feet 

operation  upwards  of  40  Iba,  of  a 

When  n-gularly  formed  blocks  are  desired,  the  raw  shapeless  pieces  ara  cot  into 
diaka,  and  being  plaeeil  one  abore  the  nihor  are  squeeied  together  nndrr  a  poverfol 
hjdraulic  preHs  at  a  temperature  of  IS",  either  alone  or  in  an  iron  monld.  A  block 
tbna  funned,  being  allowed  after  cooling  to  remnin  six  or  eight  days  under  preeanie, 
latains  the  shape  given  to  it  when  remored.    Th«  bloeka  are  than  stored  np  for  nte 

Ftates  of  any  desired  thickness  mar  be  cnt  from  blocks  by  flying  the  block  with 
csnntchouc  cement  npon  a  movibie  .ilide  placed  in  a  hurimntnl  poHition,  and  prening 
■gainnt  it  a  thin  very  sharp  kniTe  oscillating  800  nr  900  timts  in  a  minute,  lie 
thickness  of  the  plates  \r  regulated  by  a  acraw  nrranftpment.  which  raises  the  lorel  <d 
the  slide  holding  the  block.  Adhesion  between  Che  tEuife  and  ihe  csuutchouf  !s  ft*- 
Tented  by  a  stream  of  water  which  keapa  tha  knife  conliunallj  wat.    By  tbii  Baaiu 
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plates  may  be  cut  uf  any  thickness  from  y^;r  of  an  inch  upwards.  These  serve  for  the 
mannfkcture  of  light  balloons,  tubing,  elastic  garters,  and  various  chemical  and 
chirurgical  instruments  and  utensils.  All  such  objects,  however,  require  vulcanising, 
for  reasons  already  given. 

Guibal  prepares  cylindrical  blocks  directly  from  the  irregular  lumps  (figs.  506  and 
607)  as  they  are  turned  out  from  the  kneading  apparatus.  A  block  is  pressed  with 
great  force  while  still  warm  into  a  strong  cylindrically-»haped  iron  mould,  placed 
Tertically,  by  means  of  a  ram  fitting  into  the  mould,  and  moved  by  an  hydraulic  press; 
it  is  allowed  to  remain  24  hours  or  longer  under  pressure. 

These  cylindrical  blocks  are  generally  cut  into  long  bands,  the  width  of  which 
corresponds  to  the  height  of  the  cylinder,  by  means  of  a  circular  knife  pressed  against 
it  in  a  direction  parallel  to  the  axis  of  the  cylinder. 

Bands  are  easily  united,  the  ends  being  laid  over  one  another,  and  either 
squeeeed  together  in  a  press  or  welded  together  with  a  hammer  upon  an  anvil  like 
pieces  of  iron.  In  thin  operation  it  is  necessary  to  work  in  a  room  having  a  tempera- 
ture of  25^,  the  caoutchouc  having  been  previously  brought  to  this  temperature. 
Should  the  bands  or  plates  of  caoutchouc  have  cooled  to  below  0°,  they  must  be  heated 
to  40°  or  44®  in  order  to  give  them  their  former  elasticity  and  adhesive  properties. 
The  various  objects  manufactured  from  these  caoutchouc  sheets,  such  as  tubes, 
overshoes,  balloons,  bottles,  etc.,  have  then  to  bo  vulcanised  in  one  of  the  ways  already 
described. 

Threads. — For  preparing  threads  from  purified  rubber,  plates  J  or  1  inch  thick  are 
either  punched  or  cut  into  disks  6  or  8  incnes  in  diameter.  These  disks  are  then  cut 
into  spiral  bands,  and  finally  into  threads,  by  being  passed  through  circular  slitters. 
Another  method  is  to  cut  the  disks  direct  from  cylindrical  blocks,  and  then  into 
threads. 

Another  method  differing  considerably  from  either  of  the  above,  consists  in  stretch- 
ing a  piece  of  India  rubber  tubing  over  a  roller  having  a  screw  arrangement,  and 
placed  asainst  a  sharp  knife  in  such  a  way  that  upon  moving  the  roller  in  the  direc- 
tion of  the  screw  line,  the  caoutchouc  tube  is  cut  into  one  long  thread,  the  breadth  of 
which  throughout  is  the  same  as  the  width  of  the  grooves  in  Uie  screw. 

A  machine  constructed  by  M.  Gerard  is  capable  of  cutting  from  160  to  250 
threads  in  a  single  operation.  Bands  of  the  best  Para  caoutchouc  are  drawn  out 
between  warm  rollers  and  kneaded  up  with  6  per  cent,  of  sulphul*.  Upon  coming 
from  the  rollers,  the  bands  are  strewn  on  either  side  with  powdered  talc,  and  wound 
round  other  rollers  together  with  strips  of  linen.  The  lengUi  of  an  individual  band  is 
al^ut  66  yards,  its  width  about  26  inches,  its  thickness  varying  from  ^  to  ^  inch, 
according  to  the  thickness  of  the  threads  to  be  made  from  it.  The  rolled  up  oands, 
together  with  the  rollers,  are  placed  in  a  strong  vertical  iron  cylinder,  and  heated  for 
a  couple  of  hours  by  means  of  superheated  steam  to  a  temperature  of  1 40®.  In  order 
that  the  bands  may  have  perfectly  parallel  sides,  their  edges  are  cut  when  cool,  and 
the  bcmds  are  then  divided  lengthways  by  three  parallel  incisions  into  four  parts. 
The  ribbons  thus  formed  are  then  drawn  over  a  roller  composed  of  150  or  250 
sharpened  steel  disks,  having  a  diameter  of  2|  inches,  and  a  thickness  of  ^  inch,  and 
separated  from  one  another  by  disks  of  brass  2^  inch  in  diameter,  and  nj  to  ^  uich 
thick,  according  to  the  thickness  of  the  threads  to  be  proiluced.  These  disks  are  at* 
tachod  to  an  axle,  and  pressed  firmly  together  by  means  of  a  screw  adjustment  The 
whole  forms  a  roller,  the  entire  surface  of  which  is  covered  by  circular  knives  project- 
ing about  \  inch.  This  is  set  in  rapid  motion  (about  1,500  revolutions  in  a  minute), 
and  the  prepared  caoutchouc  ribbon  is  drawn  under  it  by  means  of  a  smaller  roller 
placed  parallel  to  the  first,  which  makes  only  8  t^r  10  revolutions  in  a  minute,  and 
being  pressed  at  the  same  time  against  the  cutting  roller  by  means  of  a  caoutchouc 
band,  is  thereby  cut  into  threads.  Adhesion  of  the  threads  is  prevented  as  in  other 
instances,  by  a  stream  of  water  kept  flowing  over  them.  The  cutter  is  at  first 
slightly  raised,  and  then  lowered  on  tne  ribbon,  in  such  a  manner  that  an  end  piece 
remains  uncut.  As  the  cut  ribbon  leaves  the  cutter,  the  individual  incisions  are 
seized  by  a  comb,  the  teeth  of  which  correspond  with  the  circular  knives  of  the  roller. 
The  incisions  are  so  fine,  that  ribbons  cut  in  this  manner,  upon  coming  from  the 
cutter,  look  just  like  uncut  ones.  The  slij^htest  touch,  however,  is  sufficient  to  show 
the  division  in  150  to  200  threiids.  In  order  to  render  the  surface  of  the  threads 
more  pliable,  they  are  wouml  into  skeins  upon  reels,  drawn  from  thence  through  a 
heated  solution  of  potash,  then  w^ished  with  water  and  afterwards  dried  in  the  air. 
Finally,  to  prevent  them  sticking  together,  they  are  wound  round  vertically  placed 
frames,  furnished  with  copper  teeth,  and  then  either  packed  at  once,  or  workco  m  the 
loom. 

According  to  Fayen,  this  machine  yields  from  ten  to  fitlteeu  times  as  great  a  quan- 
tity of  caoutchouc  thread  as  the  ordinar)*  machines  employed. 
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Round  Caoutchouc  Threads. — Tho  mAnufacturo  of  round  threads  of  caoutchoTic  ib 
also  due  to  MM.  Aubert  and  Gerard ;  it  consists  in  pressing  caontchonc  that  has 
been  rendered  plastic  by  some  soWent,  through  round  holes,  and  carefulljr  drying  the 
thread.  Caoutchouc,  cut  into  small  pieces,  is  placed  in  hormotically  closed  tin  boxes, 
with  an  equal  weight  of  6  per  cent,  alcohol,  and  allowed  to  remain  some  time.  The 
caoutchouc  swells  up  without  dissolving,  and  forms,  after  standing  twelve  hours,  a 
pasty  mass.  As  it  generally  contains  mechanical  impurities  which  would  be  disad* 
vantogeous  for  the  next  operation,  the  pasty  mass  is  forced  through  a  sieve  in  which 
the  impurities  remain  benind.  The  caoutchouc  is  then  passed  into  a  strong  iron 
cylinder,  the  bottom  of  which  is  furnished  with  round  holes  having  tin  points,  which 
give  it  the  required  form.  The  caout-chouc  paste  is  presse<l  through  these  holes  by  a 
piston  that  exactly  fits  into  the  cylinder.  The  threads  upon  issuing  from  the  hcies 
are  very  soft,  and  require  careful  drying.  To  effect  this,  they  are  wound  over  an 
en<Uos8  cloth  of  cotton  velvet,  passing  over  two  rollers  set  at  a  distance  of  1 8  feet 
from  each  other.  The  threads  are  wound  from  this  cloth  on  to  an  endless  wire  sieves 
likewise  turning  upon  two  rollers  set  apart  at  a  distance  of  about  40  inches,  and  are 
hero  dusted  with  powdered  talc  to  prevent  adhesion.  Finally,  the  threads  are  drawn 
over  five  endless  finen  bands,  each  of  which  passes  over  twp  rollers  set  apart  at  a  dis- 
tance of  52  feet.  The  thre^ids,  upon  leaving  the  linen  bands,  are  completely  dry,  the 
whole  process  of  drying  occupying  only  ten  minutes. 

The  thickness  of  tho  threads  is  of  course  dependent  upon  the  size  of  the  holes  at 
the  bottom  of  the  cylinder  through  which  tbe  caoutchouc  is  pressed,  but,  as  the  thicknesi 
diminishes  considerably  during  the  drying,  threads  passed  through  a  hole  of  ^^  inch 
in  diameter,  have  when  dry  a  diameter  of  only  j^  inch. 

The  packing  of  the  threads  is  performed  by  passing  them  directly  from  the  linen 
bands  through  a  funnel  into  a  tin  box,  revolving  on  its  axis,  by  which  means  th^ 
get  laid  together  in  the  box  in  regular  convolutions. 

Very  thin  threads  of  caoutchouc  are  prepared  by  stretching  thicker  ones  until  these 
have  attained  the  required  thinness,  when  they  are  submitted  for  some  time  to  a  tem- 
perature of  115°;  after  cooling  the  threads  retain  the  elongated  form,  but  are  not 
further  altered  by  the  operation. 

Solid  Balls  of  Caoutchouc, — These  are  generally  made  from  the  caoutchouc  blocks 
(figs.  506  and  507),  ns  they  are  turned  out  of  tho  wolf.  The  blocks  are  pressed  with 
some  force  against  rollers,  the  sv.rface  of  which  is  furnished  with  saw  blades  running 
parallel  to  the  axis  of  the  roller,  so  that  the  points  project  beyond  the  roller,  like  the 
rasps  of  the  roller  eniployod  in  sugar  manufactories.  These  rollers,  which  make  frcaa 
500  to  GOO  revolutions  in  a  minute,  toiir  the  caoutchouc  into  shreds,  and  at  the  same 
time  heat  it  Kufficiently  to  cause  it  to  form  a  poft  sticky  mass,  which  is  then  made  with 
the  hand  into  rough  sorts  of  Kills,  that  are  afterwards  pressed  in  moulds.  These 
moulds  consiiit  of  two  movable  halves,  fitting  over  one  another,  and  the  soft  caout- 
chouc getting  into  the  groove  between  them,  the  balls  exhibit  a  distinct  ring  when 
cool.  This  ring  can  bo  got  rid  of  by  changing  the  position  of  the  balls  in  the  moulds 
after  the  first  pressing,  and  squeezing  them  again.  The  balls  are  cooled  down  in  the 
moulds  for  about  twelve  hours,  before  being  taken  out.  They  are  rendered  again 
elastic  by  being  he^itod  tx)  50°  in  a  heated  room  or  in  hot  water. 

A  cloth-like  covering  is  sometimes  given  to  these  balls  by  smearing  them  with 
caoutchouc  cement,  and  rolling  them  in  fine  wool.  The  wool  sticks  to  their  surface, 
forming,  after  the  balls  have  been  dried  in  a  warm  room,  a  very  durable  covering. 

When  a  permanent  elasticity  is  to  bo  attained  hj  vulcanising  the  caoutdiouc, 
about  6  or  8  per  cent,  of  sulphur  is  added  to  the  caoutchouc  in  the  wolf,  and  the  balls 
made  from  such  vulcanised  rubber  are  brought,  while  still  in  the  moulds,  into  a 
cylinder  heated  to  140°. 

Rolled  Caoutchouc  Plates. — These  are  made  by  rolling  thick  and  largo  pieces  of 
caoutchouc  previously  heated  to  40°  or  50°,  then  rolled  out  between  warmed  rollers 
which  are  brought  gradually  nearer  together,  the  operation  being  repeated  until  the 
desirod  thickness  is  attained.  The  rollers  aro  heated  to  80°  or  100°,  either  by  ban 
of  red-hot  iron  let  into  them,  or  preferably  by  steam. 

As  tho  sheets  of  caoutchouc  leave  the  rolling  machine  in  a  veir  warm  and  half 
sticky  condition,  they  are  passed  through  cold  water  rendered  slightly  alkaline,  or 
covered  with  talc  powder  before  l>eing  folded  up. 

Coloured  Caoutchouc  Plates  aro  prepared  by  mixing  up  with  tho  caoutchouc  some 
n<!n- transparent  colouring  powder.  White  plates  are  obtained  by  the  additica  of  sine 
white,  red  ones  bv  adding  cinnabar,  yellow  or  orange  by  adding  difierent  ochres,  blue 
ones  by  adding  tdtramarine,  and  black  ones  by  adding  ivory  black  or  lamp  black,  etc 

Caoutchouc  Foot  Rugs  have  recently  come  much  into  vogue.  They  genetmlly  have 
a  raised  pattern,  and  those  having  a  dimension  of  about  6  feet  by  3  an  made  from  a 
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linglo  thick  caontchouc  plate  in  a  single  pressing.  The  caoutchouc  plate,  in  which 
sulphnr  has  boon  kneaded,  is  pressed  strongly  between  two  hollow  iron  plates  upon 
which  some  design  is  engraved,  and  heated  by  steam  conducted  through  the  hollow 
iron  plates  first  of  all  for  a  short  time  up  to  115°,  and  finally  to  145°  C.  so  as  to  vul- 
canise the  caoutchouc.  As  it  is  easy  to  conduct  several  pressings  together  upon  a 
long  strip,  Aubert  and  Gerard  prepare  pieces  of  caoutchouc  carpet  for  galleries,  etcj 
upwards  of  100  yards  in  length. 

A  mixture  suitable  for  the  purpose  has  the  following  composition : — 

Caoutchouc 50  parts 

Teazed  linen 15 

Zinc  oxide 25 

Sulphur 4 

Slaked  lime 5 

Chalk 6 

M.  Guibal  prepares  network  door  maXs  from  the  following  mixture : — 

Caoutchouc 40  parts 

(^ppings  of  vulcanised  rubber 10 

Other  caoutchouc  chippings 5 

litharge 35 

Chalk 8 

Sulphur 2 

• 

India  Rubber  Tubes  are  generally  prepared  from  strips  of  sulphurated  but  unburnt 
caoutchouc,  the  width  of  which  corresponds  to  the  diameter  of  the  tube.  The  caout- 
chouc strip  is  folded  together,  and  the  sides  clipped  off  in  the 
manner  represented  in  section  by  fig.  508.  The  cut  surface  a 
forms  with  the  lower  surface  on  one  side  an  angle  of  45°,  and  on  the 
other  an  angle  of  135°,  so  that  both  surfaces  fit  exactly  together 
when  laid  over  one  another.  The  operation  of  laying  over  is 
assisted  hj  a  mandrel  made  of  iron  tube  or  wire,  as  shown  by  fig. 
609,  and  the  surfSeuses  are  united  by  strong  pressure.  Another  way 
consists  in  winding  the  caoutchouc  slip  round  the  mandrel  and 
uniting  the  edges. 

The  burning  (i.e.  the  completion  of  the  vulcanisation)  is  the 
next  process,  which  is  performed  by  binding  the  tubes  and  man- 
drels round  with  linen  strips,  and  heating  them  in  iron  cylinders 
by  means  of  steam  to  a  temperature  of  132°  or  140°  for  between 
1^  and  2  hours.  The  mandrel,  the  thickness  of  which  must  corre- 
spond to  the  bore  of  the  tube,  is  drawn  out  after  the  burning.  Should  it  adhere  to  the 
tube  at  any  part,  it  may  be  liberated  by  means  of  a  little  cold  water. 

Tubes  that  are  required  to  resist  strong  internal  pressure  are  prepared  in  the 
following  way.  A  linen  band  previously  dipped  in  caoutchouc  varnish  is  wound  in  a 
spiral  manner  round  a  tafie  of  sulphurated  but  unburnt  caoutchouc ;  the  whole  is  then 
surrounded  by  a  second  caoutchouc  tube,  and  burnt  in  the  manner  alxjve  described. 
Tubes  of  still  greater  durability  are  made  by  using  iron  wire  instead  of  linen. 

India  rubber  tubes  may  be  also  prepiired  bv  using  a  press  like  that  described  in 
the  manufacture  of  round  threads,  mandrels  being  fixeil  in  the  moulding  holes. 

A  mixture  recommended  by  Payen  for  the  preparation  of  India  rubber  tubes  has 
the  following  composition : — 

Caoutchouc 59  piirts 

Zinc  oxide 35    „ 

Sulphur 5    „ 

Lime 1     „ 

Waterproof  fabrics,  and  very  thin  Plates  of  Caoutchouc:  —Two  distinct  methods  are 
followed  m  the  manufacture  of  waterproof  fabrics : 

(1)  Thin  caoutchouc  plates  are  pressed  into  or  upon  the  stuff; 

(2)  The  caoutchouc  is  spread  upon  the  stuff  in  the  form  of  varnish. 

In  order  to  prepare  waterproof  materials  from  thin  plates  of  caoutchouc,  the 
plates  in  a  non- vulcanised,  still  adhesive  state  are  placed  between  two  pieces  of  cloth 
and  then  passed  several  times  between  heated  rollers.  By  this  method,  waterproof 
fabrics  are  obtained  which  are  rather  heavy,  but  are  free  from  the  unpleasant  smell 
which  clings  to  other  waterproof  stuffs  when  solvents  are  used.  The  method  was  in- 
vented by  Mr.  Macintosh,  who  employed  it  in  the  preparation  of  the  first  waterproof 
fiibrics. 

Lighter  waterproof  stuffs  are  obtained  by  rolling  together  a  single  piece  of  cloth 
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with  a  single  piece  of  caoutchouc.  The  fabric  obtained  in  thus  covered  on  one  fide 
only  with  caoutchouc. 

The  second  method  for  preparing  waterproof  &bric8,  which  consists  in  covering 
the  cloth  with  caoutchouc  varnish,  has  been  recently  much  employed.  Strips  of  puri- 
fied caoutchouc  are  thoroughly  dried  by  leaving  them  in  a  drying  room  for  twenty-four 
hours,  and  are  then  softened  by  immersion  for  from  twenty-four  to  forty-eight  houis 
in  three  times  their  weight  of  rectified  oil  of  turpentine  in  woc»den  l)oze8  lined  with 
sheet  iron,  each  box  holding  ab<viit  110  gallons.  The  expanded  caoutchouc  mass  is 
distributed  in  eight  metal  cylinders  with  perforated  bottoms,  w  as  tu  form  a  layer  of 
2]^  inches  in  height  in  each  cylinder.  These  eight  cylinders  are  then  placed  in  a 
column  apparatus,  similar  to  that  used  in  distilleries,  closed  hermetically  with  a  lid, 
the  whole  being  fitted  over  a  still  filleil  with  rectified  oil  of  turpentine.  The  turpentine 
is  made  to  boil ;  its  vapour,  passing  tlirough  the  perforated  Injitoms  of  the  cylmdere, 
raises  the  temperature  of  the  caoutchouc  to  about  150^,  and  permeates  it  more  com- 
pletely than  is  the  case  in  a  simple  process  of  kneading.  The  turpentine  vapour 
passes  out  through  a  tube  at  the  top  of  the  apparatus  into  a  serpentine  condenser,  the 
condensed  product  being  again  used  as  rectified  oil  of  turpentine. 

At  the  end  of  two  hours  the  operation  is  stopped,  the  cylinders  taken  out  of  the 
column  apparatus,  and  the  caoutchouc  thrown  into  a  kind  of  vermicelli  press  furnished 
with  3  or  4  fine  metallic  wire  nets  attached  to  perforated  sheet  iron.  A  piston  fitting 
accurately  into  the  press  is  then  set  in  motion  by  means  of  a  screw,  and  the  caout- 
chouc mass  is  pressed  by  it  through  the  wire  sieves,  which  retain  mechanical 
impiirities.  The  soft  caoutchouc  mass  is  then  strongly  rubbed  and  kneaded  between 
rollers ;  and,  when  a  colour  is  desired,  the  colouring  material  to  the  amount  of  |  per 
cent,  is  thrown  in.  Blue  is  obtained  by  adding  ultramarine^  yellow  by  the  addition  of 
orpiment,  white  is  produced  by  sine  white,  r»l  by  powdered  cinnabar,  and  black  hj 
lamp  black,  etc.  When  vulcanisation  of  the  caoutchouc  is  required,  from  3  to  4  per 
cent,  of  sulphur  is  added.  The  apparatus  represented  by  fig.  6 12,  p.  744,  may  be  osedfbr 
these  operations.  Should  the  caoutchouc  piste  not  be  soil  enough,  from  |  to  4  pazti 
of  oil  of  turpentine  are  added  to  1  part  of  caoutchouc. 

The  oil  of  turpentine  employed  in  the  preparation  of  this  caoutchouc  paste  should 
be  pure  rectified  oil,  raw  non-rectified  turpentine  containing  always  considersUe 
quantities  of  resinous  substance. 

M.  Guibal  employs  benzol  in  the  place  of  oil  of  turpentine,  the  articles  manu- 
factured from  caoutchouc  paste  prepared  with  benzol  having  the  advantage  that  they 
are  not  injured  by  the  action  of  the  air,  like  those  manufactured  from  varnish  or  paste 
prepared  with  oil  of  turpentine.  The  cause  of  the  latter  being  affected  by  the  air 
seems  to  be  owing  to  a  decomposition,  caused  by  a  small  quantity  of  .oil  of  turpentine 
retained  by  the  caoutchouc. 

The  caoutchouc  paste  or  varnish  is  spread  upon  the  cloth  in  a  well -ventilated  roon 
protected  as  far  as  possible  from  dust,  the  cloth  being  placed  on  an  endless  band  rr- 
volving  round  two  horizontal  cylinders,  sot  apart  at  a  distance  of  about  30  yards. 
Across  this  band,  and  perpendicular  to  it,  is  fixed  a  wooden  scraper  edged  with 
iron,  and  having  a<\justing  screws  by  which  the  thickness  of  the  caoutchouc  layer  can 
be  regulated. 

As  soon  as  the  cloth  is  in  movement,  the  caoutchouc  paste  is  laid  upon  it  with  a 
trowel  in  front  of  the  scraper,  under  which  it  passes  in  a  more  or  less  thin  layer,  ac- 
cording as  the  scraper  is  set.  The  speed  is  about  11  yards  a  minute,  so  that  a  web 
64  yards  long  makes  a  single  revolution  every  seven  minutes.  An  interval  of  tvu 
hours  is  allowed  between  the  application  of  each  layer  of  paste,  so  as  to  insure  the 
evaporation  of  the  greater  part  of  the  oil  of  turpentine;  a  coating  of  14  layerf 
would  therefore  require  from  twenty-eight  to  thirty  hours.  This  inconvenient  dday, 
caused  by  the  time  required  for  the  evaporation  of  the  oil  of  turpentine,  has  beeo 
avoided  by  Messrs.  Guibal  and  Cuminge,  who  have  constructed  an  apparatus  in  which 
the  web  is  passed  over  heated  boxes  ;  evaporation  of  the  oil  of  turpentine  or  benxol  ii 
by  this  means  so  accelerated  that  the  whole  operation  may  be  completed  in  two  hours. 
In  order  to  recover  the  turpentine  thus  evaporated,  Messrs.  Guibal  and  Cuminge  hare 
constructed  a  condensing  apparatus  just  over  the  spot  where  the  chief  quantity  of  <h1 
of  turpentine  or  benzol  evaporates.  It  consists  of  a  couple  of  pieces  of  sheet  metal 
laid  together  to  form  a  kind  of  roof,  and  kept  cold  on  the  outside  by  a  current  of  water. 

If  the  caoutchouc  has  been  previously  kneaded  with  sulphur  with  the  object  of 
eventual  vulcanisation,  it  is  now  heated  for  an  hour  to  132^  or  140°  in  an  iron  cy- 
linder with  double  sides,  betnrecn  which  steam  is  passed.  For  the  most  part  linen 
stuffs  only  are  vulcanised,  stuffs  of  silk  or  wool  being  very  apt  to  crinkle  and  packer 
at  the  high  temperature  requiro<l  for  \*ulcani8ation. 

Double  textures,  or  textures  which  consist  of  a  layer  of  caoutchouc  between  two 
layers  of  web,  may  bo  also  prepared  by  the  aid  of  this  apparatus.    For  this  puBpoM  two 
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lengths  of  coated  web  are  laid  together  with  the  caoutchouc  sides  against  one  another, 
anfpressed  firmly  together  into  one  piece  by  passing  them  between  rollers. 

Ijistead  of  the  scraper  arrangement  for  regulating  the  thidmess  of  the  caoutchouc 
layers,  two  rollers  are  sometimes  employed,  tlm>ugh  which  the  coated  webs  are  passed. 
Tne  upper  roller  is  stationary,  the  distance  l^tween  it  and  the  lower  one  being 
regulated  either  by  adjustment  screws  or  a  leyer  arrangement.  The  lower  roller  re- 
volves in  the  direction  of  the  cloth. 

Various  recipes  have  been  given  for  preparing  the  caoutchouc  paste. 

Guibal  recommends  the  following  nuxture  as  forming  a  cheap  and  durable  caout- 
chouc paste,  void  of  disagreeable  smell  :— 

Purified  caoutchouc 33  parts 

Powdered  litharge 50 

Chalk 10 

Lamp  black 2     ., 

Sulphur 6     ,1 


it 
»» 


100     „ 

Bensol 100 

Payen  recommends  the  following  mixture : — 

Gaoutohouc 80  parts 

Powdered  litharge 60     „ 

Chalk 10     „ 

Lamp  black 2     „ 

Sulphur 4-5     „ 

A  method  of  softening  and  partly  dissolving  caoutchouc  with  carbon  bisulphide  in 
the  cold,  and  kneading  the  mass  to  a  homogeneous  paste  or  dough,  is  employed  in 
preparing  the  caoutchouc  for  the  double  textures  already  alluded  to. 

Stuffs  of  the  kind  have  this  advantage,  that  carbon  bisulphide  volatilises  more 
quickly  than  oil  of  turpentine.  Indeed  It  sometimes  evaporates  too  quickly,  and  in 
order  to  prevent  a  too  rapid  volatilisation  a  small  quantity  of  bensol  is  added. 

When  carbon  bisulphide  is  employed,  the  process  must  be  conducted  in  a  well- 
ventilated  room,  so  as  to  prevent  the  workmen  suffering  from  the  stupefying  and 
poisonous  vapours  of  that  substance. 

Mr.  Noins  suggested  a  direct  application  of  raw  caoutchouc  sap  to  webs  to  be  coated 
with  caoutchouc.  Mr.  Goodyear  recommends  the  addition  of  oil  of  tar,  and  more  sulphur 
than  is  usual.  M.  Chevalier  has  recommended  boiling  caoutchouc  that  has  been 
previously  softened  by  oil  of  turpentine,  with  a  mixture  of  linseed  oil  and  litharge,  etc. 
An  interesting  patent  for  preparing  caoutchouc  paste  was  taken  out  by  Mr.  Fry,  which 
consists  in  submitting  to  distillation  a  mixture  of  two  parts  of  rectified  oil  of  turpen- 
tine with  from  three  to  four  parts  of  caoutchouc,  using  the  distillate  as  a  solvent  for 
caoutchouc. 

The  apparatus  for  the  manufEicture  of  waterproof  fabrics  above  described  may 
be  advantageously  used  in  the  preparation  of  veiy  thin  sheets  of  caoutchouc,  and  the 
caoutchouc  used  may  be  either  pure  or  after  it  has  been  treated  with  colouring,  litharge, 
sulphur,  etc. 

In  this  case,  the  linen  cloth  which  runs  over  the  two  rollers  receives  a  coat- 
ing, consisting  of  equal  parts  of  treacle  and  gelatine.  This  gelatine  covering  is  on 
the  one  hand  dry  enough  to  prevent  substances  adhering  to  it,  and  on  the  other 
hand,  owing  to  the  hygroscopic  properties  of  treacle,  moist  enough  to  retain  its  flexi- 
bility for  a  long  time.  The  caoutchouc  paste  is  spread  u^n  the  ^latino  coating  and 
the  cloth  passed  under  the  scraper;  40  very  thin  coatings  being  applied  for  the 
preparation  of  a  sheet  ^  inch  thick.  The  spreading  of  each  la^er  occupies  about  10 
minutes,  the  drying  itself  an  hour,  so  that  a  sheet  of  40  coatings  requires  40  hours 
for  its  preparation.  The  sheets  are  easily  removed  from  the  gelatine  coating,  are 
then  covered  with  finely-powdered  talc,  and  wound  up  on  rollers. 

These  venr  thin  sheets  of  caoutchouc  are  well  adapted  for  the  production  of  a 
number  of  objects,  which,  when  the  caoutchouc  has  been  previously  kneaded  up  with 
sulphur,  may  be  vulcanised  by  simply  heating  them. 

In  order  to  give  the  sheets  a  smooth  surface,  they  are  boiled  for  about  an  hour 
with  a  solution  of  caustic  soda  or  potash ;  they  are  rendered  still  smoother  by  drawing 
them  through  a  solution  of  potaHsmm  hypochlorite  heated  to  60^  (Javelle  water). 

Hollow  Balls  are  prepared  from  caoutchouc  plates  J  to  j-  inch  in  thickness,  and 
occur  in  the  market  in  sizes  varying  from  2  to  5  inches  in  diameter.  The  plates 
themselves  are  prepared  either  by  cutting  up  blocks  of  caoutchouc  with  the  oscillating 
knife,  or  are  roUed  out ;  the  caoutchouc  mass  is  generally  previously  mixed  with  5  or 


742 


RESIN,   ETC. 


6  per  cent,  of  sulphur,  so  as  to  admit  of  eyentual  vulcanisation.  The  plates  are  cut 
into  spherical  segments  upon  a  model,  and  in  sjich  a  way  that  the  cut  sur&ces  have  an 
obliqup  direction,  which  renders  their  union  more  easy.  Four  such  segments  are 
taken  for  a  single  ball,  and  their  edges  united  either  by  simply  pressing  them  to- 
gether with  the  nand,  or  sometimes  with  the  aid  of  a  cemeut  consisting  of  caoutchouc, 
sulphur,  carbon  bisulphide,  and  benzol,  care  being  taken  that  as  much  air  as  possible 
remains  in  the  ball.  The  balls  are  then  placed  in  spherical  moulds,  something  like 
those  employed  in  bullet-casting,  and  heated  in  iron  cylinders  to  over  130°,  partly  in 
order  to  vulcanise  them,  and  partly  to  expand  the  air  contained  in  them.  The  furrows 
exhibited  by  the  balls  before  undei^ing  this  process,  get  filled  out>  the  sides  of  the 
balls  are  pressed  strongly  against  the  interior  of  the  moulds,  and  retain  upon  cooling 
the  form  assumed  during  vulcanisation.  As  it  is  difficult  during  the  union  of 
the  segments  to  retain  sufficient  air  in  the  balls  to  completely  expand  them  during 
the  vulcanising  process  before  the  balls  are  completely  closed,  a  small  quantity  of 
water  or  ammonium  carbonate  is  poured  in,  which  substances  exert  considerable  pres- 
sure  in  the  interior  c»f  the  balls  when  heated. 

Balls,  thus  prepared,  are  naturally  not  very  elastic.  When  very  elastic  hollow 
balls  are  requirisd,  they  are  prepared  in  the  above  way,  but  stronger  caoutchouc  plates 
are  taken,  and  they  are  finally  expanded  by  means  of  compressed  air.  In  order  to 
eflR»ct  this,  a  fine  perforation  is  made  in  each  ball  immediately  after  its  removal  from 
the  mould,  air  is  forced  into  the  aperture  by  means  of  a  force  pump,  and  the  opening 
is  then  closed  as  quickly  as  possible  with  caoutchouc  cement.  Such  balls  are  often 
painted  of  different  colours. 

Liahi  Gas  BalUxms  require  to  be  made  of  very  thin  caoutchouc  sheets  so  that  they 
may  nse  in  the  air  readily  when  filled  with  hydrogen  gas  under  moderate  pressure. 
In  order  to  be  effective  the  weight  of  the  caoutchouc  envelope,  plus  the  weignt  of  the 
enclosed  hydrogen  gas,  must  be  less  than  the  weight  of  an  equal  volume  of  air.  Thus, 
for  instance,  supposing  the  volume  of  air  replaced  by  the  balloon  to  be  1  gallon,  this 
weighs  1  oz.  at  the  ordinary  temperature  and  pressure,  an  equal  volume  of  hydrogen 
under  the  same  conditions  weighing  only  ^  oz.,  so  that  when  the  weight  of  the 
caoutchouc  envelope  is  less  than  the  difference  between  the  weight  of  the  air  and  hydro- 
gen gas  (in  the  above  instance  ^  oz.)  the  balloon  rises.  Referring  to  the  figures  just 
given,  if  the  caoatchouc  envelope  of  the  balloon  weighs  ^  oz.,  the  balloon  will  be 
impelled  upwards  wiUi  a  force  equal  to  ^  oz. 

The  thinnest  plates  of  caoutchouc  are  selected  for  preparing  these  balloons,  plates 
of  i  inch  thickness,  and  of  the  best  Para  caoutchouc.    These  plates  are  cut  with 

the  oscillating  knife  into  segments  of  a  form  represented  by 
fig.  510.  Each  segment  has  an  elongation  6  a  at  one  end 
about  ^  in.  in  length  and  ^  in.  wide.  Four  segments  of  the 
kind  are  joined  together  to  form  a  single  balloon  in  the 
following  way.  They  are  heated  up  to  45®  or  50°  C.  and  their 
edges  united  by  beating  them  together  on  an  anvil  with  a 
hammer  in  a  room  having  a  temperature  of  25°  or  28°  C.  The 
elongation  of  the  segments  then  forins  a  tube  J  of  an  inch 
long  and  about  |  in.  in  diameter,  which  serves  for  the  filling 
of  the  balloons  with  h)drogcn  gas. 

The  balloons  are  vulcanised  by  immersing  them  for  two 
seconds  in  a  mixture  of  carbon  bisulphide  and  sulphur 
chloride  containing  from  4  to  5  per  cent,  of  the  latter  sub- 
stance, and  then  allowing  the  carbon  bisulphide  to  ovuporate 
in  the  air.  The  balloons  are  generally  coloured  by  dipping 
them  into  a  solution  of  some  colouring  material  dissolved  in 
carbon  bisulphide. 

These  balloons  are  filled  with  hydrogen  by  attaching  their 
contracted  ends  to  an  ajpparatus  from  which  the  gas  is  being 
evolved,  filling  them  with  it  under  a  pressure  of  40  inches  of 
water,  and  then  binding  the  ends  securely  with  thread. 

Strong  CaotUchouc  Rings  for  the  Buffers  qf  Bailway 
Carriages^  etc. — Messrs.  Aubertand  Gerard  prepare  these  rings 
from  a  mixture  consisting  of  100  piirts  of  purified  caoutchouc 
shreds,  5  or  6  parts  of  sulphur  and  5  parts  of  slaked  lime,  the  materials  being  combined 
either  in  the  wolf  or  by  passing  them  between  heated  rollers.  This  product  is  then 
rolled  out  to  a  strip  ^  or  }  of  an  inch  in  thickness  between  a  couple  of  rollers  having  each 
a  diameter  of  20  inches  revolving  slowly  (about  1  revolution  per  minute)  in  opposite 
directions.  Immediately  upon  its  departure  from  the  rolling  mill,  this  strip  is  bound 
round  a  hollow  roller  of  sheet  iron,  tne  thickness  of  the  rings  l)eing  dependent  upon 
the  number  of  times  the  piece  is  wound  round  this  iron  roller.     Rings  are  prepazed  id 


to  80°,  which  iH  preased  loto  Btmng  linen  tiseuBwiUi 

IB  to  penetrate  ncnrljall  the  meohea.    The  niachini',  7J 

mader,  is  represented  bjflg.All.    It  cotiHiilii  of  j»£ 

ir  rollecB  (i  B  o)  mftda  of  pant-iron,  which  admit  iif  fjjm 

d  iBbmalk  bv  atcam.     Koch  tolJer  has  a.  difunt-ipr  51 1 
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lis  wn,  hsTlnc  an  outer  thidneai  of  u  much  as  3  inchea,  which  are  iu«J  for  conneet- 
f(  eagiofK  and  tenders,  and  jil&o  fur  tbi-  biifferB  of  railway  carnages,  bj  CDtting  them 
ith  the  circular  knife.  For  these  purposee  eBpeciully  the  beat  firuil  cuoutchouu  'w 
the  caoutchr>ac  from  Indiu  or  Africa.  The  volcaniKition  of  thefe 
I  the  oBiuil  vb;  either  by  heating  them  in  iron  cylinders  liy  a 

n«  or  two  hour*  in   heniiaUcally  c'-  -' '   '-        -'         - 

mparature  of  133°.     If  Che  rings  nre  not  roquirrd  to 

r  a  allort  time  to  ■  temperature  not  uiceoding  100°  in  oidiT  to  unite  the  layers,  bot 

lis  ia  compantiTely  leliloni  the  cam. 

Wh«a  a  heaijcaoalchonc  mass  is  required,  ■podfiodlj  heavy  subitancea  are  added 
>  finely  powdered  condition,  euch  a«  heavy  spar,  lead  sulphide,  red  or  yellow  ochre, 
oe  ozids,  etc.  A  greater  flrmness  and  tenacity,  but  less  elasticity,  is  obtained  by 
Iding  to  the  laOQtchoiio  heat«d  to  60°  or  60"  C.  from  ^  lo  ^  of  its  weight  of  ttaied 
MnragL  ^ 

JViwi^ifctts.—Theae  articles  are  prepared  with  purified  caoutchouc,  kneaded  op 
ith  6  per  cent,  of  itj  weight  of  sulphur  between  rotlBrs  heated 
bran  fiO°tj>BO°,  which  is  pressed  into  strung  linen  tissue  witli 
ch  force  BB  to  pene  .... 

.llad  a  ipreader,  i 

n»  hollow  rollecB  ,  

Aug  heated  inteniaUy  by  steam.     Each  tolJer  has  a  diamelL.   „ 

'  II  inches,  and  has  a  toothed  wheel  attached  to  ouo  of  its   \lj 

InmitieB.    The  middle  wheel  (n)  is  9]  inches  in  diameter,    ' 

.e  outer  wheels  (i  ^)  are  19  inches  in  diameter,  so  that  as 

Otioti  IB  gi*eD  (O  Che  whole  by  (u),  the  wheels  (u  a')  make 

Hj  half  the  number  of  rerolntions  executed  by  (u).    The 

aan  atrip  which  ia  Tery  stioiig,  about  40  inchea  in  width,  and 

am  lOtoSOyardaloug,  is  passed  together  with  the  caoutchouc 

Etvem  the  lollen,  which  are  set  veiy  near  one  another,  and 

ia  preaaed  together  by  them  with  s>uh  form  that  the  caout- 

lOBc  penetntei  all  the  meehM  of  th»  linen,  causing  a  veiy  iii- 

nata  unian  of  the  two  substanixa.    These  impregnated  linen  ''ii 

•CM  M«  then  laid  one  orer  another  in  layers  of  front  3  to  10,  .'/ 

•aaaad  between  heated  rollers,  and  cut  by  a  suitable  cutting  || 

■tnunent  into  straps  or  bands  of  the  required  length  and  ^ 

vadth.     In  order  to  prevent  tbeir  fraying,  bb  well  as  to  pro- 

et  their  exterior,   the  bands  are  covered  with  linen.    In 

ikaninng  tbeeo  driving  belts,  they  are  laid  in  moulds  cunsiit- 

g  of  a  kind  of  iron  gnUer  with  right-angled  grooves  pro-  „      , 

sdeIj  soaped,  from  which  the  belts  extend  at  buth  ends,  and  "' '' 

to  which  an  iron  lid  exactly  fits,  but  is  about  f  to  (  inch  higher  than  the  mould.     A  . 

iniber  of  such  moulds  are  laid  together  upon  a  press,  the  plat«s  of  which  are  hollow 

d  adinit  of  bmng  heated  with  steam.    The  press  Is  first  of  all  drawn  together,  and 

anatoau  at  a  temperature  of  140°  is  let  into  the  press  plates.     Since  inn  ia  a  good 

ndnetorof  heat  the  bells  sooo  become  heated,  the  operation  being  compiete  in  an 

■or.     The  press  is  then  drawn  up.  the  lids  of  the  moulds  removed,  and  new  non- 

ileaniaed  portions  of  the  bolta  are  laid  in  the  moulds  and  treattd  in  the  same 

anner,  the  opciatioDB  being  continued  antil  the  entire  lengths  of  the  belta  are  vnl- 

luaod.    These  bands  are  very  durable.  Hnd  in  reapect  of  price  compare  fiiTOorably 

ith  those  made  tnmi  leather. 

Ooluika  are  made  from  purtfled  caoutchonc  mixed  with  imlphur  and  lamp  black, 
nd  lolled  out  to  a  light  and  somewhat  clastic  &bric,  vhieh  isslAmpedout  in  psttema 
ei  monlded  over  iron  shapes.  A  shining  surface  is  given  to  them  by  covering  tliem 
"ith  anihalt  lac,  and  they  are  finally  vulcanised  while  still  on  the  moulds. 

A  kmd  of  golosh  which  formerly  found  iCa  way  into  the  market  from  America  was 
Uds  by  covering  moulds  with  aeveral  layeiB  of  caoutchouc  jaice  until  the  neceasaiy 
Wdneaa  had  been  attained. 

a  atrongcaoulchouctube 
_  ^  ^       d  with  the  required  design,  and  compressing 

BcbIj  by  linen  bands.  This  is  next  burnt  in  an  icon  cylinder,  and  finally,  when 
'<d,  daubed,  turned  inside  ont  and  fastened  U>  an  oven  roller. 

AasfK  T^LMUsa  are  prepared  by  weaving  thin  caoutcklouc  threads  upon  looms.  Fine 
Ktttlunie  threads,  the  manufacture  of  which  has  been  already  treated  of,  an  softened 
^krm  watKr,  anil  when  very  much  extended  arc  wound  upon  bobbina.  and  exposed 
'  woine  time  to  a  low  temperature.  Before  wearing,  thej  are  generallT  wonnd  on  to 
^  bobbin*.    Thefobric,  when  complete,  eonsists  of  vary  expanded  inelastic  threads, 
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and  must  be  heated  to  100^  to  render  it  elastic,  whereupon  it  contraets  just  in  the 
same  way  as  a  separate  thread. 

Ehistic  tissues  are  also  prepiired  from  vulcanised  caoutchouc  threads.  These 
require  considerable  stretching  when  woven. 

The  industrial  applications  of  caoutchouc  are  so  numerous  that  it  is  impossible  to 
detail  them  all  here.  The  following  list  gives  some  of  the  most  important  aitidas 
made  of  this  substance : — 

Ordinary  pr  non-vulcanised  caoutchouc  is  used  for  making  cut  sheets  for  surgical 
apparatus,  and  for  very  thin  balloons ;  cut  or  rolled  sheets  for  preparing  tubes,  bands, 
threads,  discs,  shoos,  hsMf*,  etc. ;  veiy  thin  sheets  rolled  out  from  heated  caoutchouc 
for  preparing  waterproof  fabrics,  cements,  varnishes,  solvents  and  plaster;  cements 
uid  varnishes  for  joining  wood,  and  for  mixing  with  w.x>l  in  the  manufacture  of 
carpets,  and  also  for  book-binding ;  solid  purified  clastic  blocks  for  elastic  balls,  and 
pieces  of  india  rubber  for  rubbing  out  pencil  nuirks.  Furtlier,  non-vulcanised  caout- 
chouc is  used  when  mixed  with  linse^  oil  in  the  proportion  of  2  parts  of  caoutchouc 
to  98  parts  of  oil,  for  preparing  oil  for  lubricating  machinery,  and  for  marine  glue,  etc. 

Vulcanised  caoutchouc  is  used  in  the  manufacture  of  waterproof  fabrics,  goloshes, 
buffers  of  railway  carriages,  surgical  bandages,  garters,  straps  fbr  binding  manuscripti, 
cravats,  etc. ;  driving  belts,  air  cushions  for  chairs,  sofas,  beds,  carriages,  etc  ;  wat«r 
beds  for  invalids,  springs  for  doors,  locks,  bells,  phvsicaland  chemical  apparatus,  etc.; 
connecting  links  of  engines  and  tenders ;  also  for  the  padding  of  the  sides  of  billiard 
tables,  for  air  lids,  traps,  and  for  making  elastic  threaos  forlmittingand  weaving.  It 
is  further  used  in  the  manufacture  of  rollers  employed  in  dye  and  printing  works,  non- 
corrosive  bottles,  stoppers,  gas  and  water  tubes,  solid  and  hollow  balls,  etc. ;  it  is  also 
employed  for  fastening  artificial  teeth,  and  for  preparing  vulcanite,  etc. 

A  very  curious  application  of  vulcanised  caoutchouc  is  for  the  reproduction  of  «d- 
larged  or  diminished  copies  of  drawings,  etc  This  is  effected  by  stretching  a  plate  of 
vulcanised  caoutchouc  upon  a  four-cornered  frame,  and  pressing  the  drawing  upon  it. 
The  frame  is  so  arranged  that  its  sides  admit  of  being  altered  by  adjusting  screws. 
Thus,  for  instance,  if  it  be  desired  to  produce  a  copy  of  a  picture  enlarged  four  times, 
the  sides  of  the  frame  are  stretched  to  double  tneir  length.  The  drawing  thus  en- 
larged is  then  copied  upon  stone  and  printed  off  in  the  usual  way.  For  preparing 
diminished  copies  of  a  drawing,  the  frame  is  expanded,  the  drawing  impressed  upon 
it,  and  then  the  frame  is  drawn  together  again  until  the  drawing  has  assumed  the 
required  dimensions. 

DiclysU  of  Gases. — Ghraham  and  others  have  shown  that  all  giises  do  not  pass  with 
equal  rapidity  through  the  pores  of  a  very  thin  caoutchouc  membrane,  that  carbonic 
acid  for  instance  passes  through  a  membrane  of  the  kind  with  greater  rapidity  than 
hydrogen,  that  oxygen  passes  through  quicker  than  nitrogen,  etc.  If  a  caoutcliuuc 
billoon  liaving  very  thin  sides  be  fillwi  with  sawdust,  and  after  the  air  has  been 
pumped  out  by  means  of  an  air-pump,  it  be  allowed  to  remain  for  some  time  in  contact 
with  atmr)8pheric  air,  it  becomes  gradually  filled  with  air  which  contains  so  large  a 
proportion  of  oxygen  that  a  glowing  match  bursts  into  flame  when  plunged  into  it. 
This  air  is  found  upon  examination  to  contain  41*6  per  cent,  of  oxygen,  whilo  atmo- 
spheric air  contains  only  21  per  cent. 

This  is  a  proof  that  oxygen  passes  through  caoutchouc  pores  more  easily  and 
quickly  than  nitrogen  does.  Graham  assumed  that,  upon  pissing  through  caoutchouc 
pores,  even  permanent  gases  become  liquid,  reassuming  the  gaseous  condition  upon 
escaping  from  the  caoutchouc. 

Caoutchouc  Varnishes  and  Cements. — For  the  preparation  of  caoutchouc  varnish  or 
cement,  very  thin  caoutchouc  plates  are  the  most  suitable.  These  are  cut  into  small 
pieces,  and  placed  in  closed  boxes  with  from  one  and  a  half  to  two  or  three  times  their 
weight  of  some  liquid  which  dissolves  the  caoutchouc  either  entirely  or  in  part.    The 
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solvents  generally  employed  are  oil  of  turpentine  or  benzol.    Caoutchouc,  when  im- 
mersed in  either  of  these  liquids  for  a  length  of  time  varying  from  twentj-fbur  to 
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forty*  eight  hours,  becomes  entirely  soft  and  swells  up  very  considerably ;  it  may  be 
then  kneaded  io  a  kneading  machine  to  a  perfectly  homogeneous  mass.  A  machine  of 
the  kind  is  represented  by  fig.  612.  The  rollers  (a  ▲)  have  each  a  diameter  of 
42  inches,  and  a  length  of  16  inches ;  they  revolye  in  the  semicircular  troughs  (6  b)  in 
the  direction  of  the  arrows.  The  troughs  are  fixed  over  a  wide  iron  casing  (c  c)  into 
which  steam  may  be  conducted.  The  softened  caoutchouc  mass  is  thrown  in  at  ((Q, 
seized  by  the  roller  and  thoroughly  squeezed ;  after  passing  through  it  is  freed  from 
the  roller,  liberated  by  a  knife  blade  (a)  on  the  opposite  side,  and  &llingdown  is  taken 
up  by  the  next  roller,  and  so  on  until  it  finds  its  way  from  the  knife  of  the  last  roller 
on  to  the  inclined  plane  («),  and  into  a  vessel  (/)  placed  beneath  it. 

Oaoutchouc  cement  or  varnish  thus  prepared  has  a  more  or  less  viscous  consistency, 
and  is  used  for  various  purposes ;  for  instance,  for  connecting  indiarrubber  plates,  in  the 
preparation  of  waterproof  fabrics,  for  covering  wainscot  work  on  the  side  next  the 
waU,  for  gluing  dry  pieces  of  wood  in  joinery,  in  the  manufacture  of  musical  instru- 
ments, and  in  bo<4Lbmding,  etc. 

Mastie  CemaU  is  prepared  by  heating  2  parts  by  weight  of  caoutchouc  to  220°, 
and  mixing  it  when  liquid  with  1  part  by  weight  of  slaked  lime.  This  yields  a  soft 
mastic  which  remains  plastic  for  a  long  time,  and  is  very  suitable  for  hermetically 
sealing  bottles  or  other  vessels.  This  method  of  hermetically  closing  bottles,  etc.,  was 
introdaoed  by  M.  Maissiat,  and  by  its  means  bottles  may  be  kept  hermetically  sealed 
for  years.  If  equal  parts  of  caoutchouc  and  lime  be  taken,  the  result  is  a  solid,  but 
still  plastic  cement,  and  if  a  mastic  be  required  which  shall  be  externally  dry  and 
solid,  2  parts  of  caoutchouc,  1  of  lime,  and  1  part  of  litharge  are  taken. 

Machine  Grease  from  Caoutchouc, — An  oil  is  obtained  by  putting  from  H  to  2  per 
cent,  of  caoutchouc  into  rape  seed  oil  heated  to  120°  or  130°.  The  mixture  is  kept  at 
this  temperature  for  5  or  6  hours,  forming  at  the  end  of  the  operation  a  dark  brown, 
sticky  liquid,  which  is  well  adapted  for  smearing  parts  of  machinery. 

Caoutchouc  Plaster  is  prepared  by  heating  caoutchouc  to  220°.  It  forms  a  sticky, 
adhesive  mass,  which  has  been  used  successfully  to  protect  wounds  from  the  air. 

Manufacture  of  Vulcanite, — Mr.  GK)odyear  started  this  branch  of  industry  in 
America  in  1848,  and  two  years  afterwards  it  was  introduced  into  Europe.  It  has 
already  been  mentioned  that  an  excess  of  sulphur  renders  caoutchouc  hard  and  less 
elastic  This  fact  is  taken  advantage  of  in  the  manufacture  of  vulcanite.  The 
materials  employed  in  this  manufacture  are  raw  caoutchouc  from  India  or  Java,  and 
powdered  roll  sulphur.  The  raw  caoutchouc  is  submitted  to  the  following  process  of 
purification  before  being  mixed  with  the  sulphur. 

The  raw  caoutchouc  is  softened  by  immersion  for  thirty-six  to  forty-eight  hours  in 
water  heated  to  45°  or  50°  C,  and  when  sufficiently  soft  is  cut  with  a  knife  into  long 
bands  weighing  each  about  2  lbs.,  and  having  a  thickness  of  2  or  4  inches.  These  are 
pressed  and  torn  between  moistened  rollers,  which  revolve  in  opposite  directions, 
one  making  one,  the  other  two  revolutions  in  a  minute.  The  bands  thus  torn  are 
next  further  lacerated  in  a  hollander  (see  p.  641),  impurities  being  at  the  name  time 
removed  by  the  action  of  the  water.  The  caoutdbouc  shreds  are  now  taken  out  and 
spread  out  to  dry  upon  linen  frames  in  a  current  of  warm  dry  air.  Caro  must  be 
taken  that  the  air  is  not  too  warm,  or  some  of  the  shreds  might  stick  together,  re- 
taining water  between  their  interstices. 

The  dried  caoutchouc  is  pressed  and  kneaded  between  rollers  heated  to  50°  or  60°  C, 
so  as  to  form  a  doughy  mass,  with  which  sulphur  readily  mixes.  The  proportions 
used  are  100  parts  of  caoutchouc  to  50  parts  of  very  finely  powdered  and  sifted 
sulphur.  When  the  caoutchouc  and  sulphur  are  thoroughly  mixed,  the  two  rollerg 
.'ire  set  apart  at  a  distance  corresponding  to  the  thickness  of  the  plate  required.  The 
sheets  upon  coming  from  the  rolling  mill  are  cut  into  pieces  about  16  inches  in 
breadth  and  24  inches  in  length,  which  are  immersed  in  water  at  a  temperature 
of  about  28°  C,  in  order  to  give  them  a  certain  amount  of  hardness.  They  are  then 
again  dried  and  laid  upon  plates  of  tin  plate  or  glass  smeared  with  lard.  A  roller 
having  a  horizontal  motion  is  then  passed  over  the  pieces  of  caoutchouc  in  order  to 
press  them  against  these  plates,  the  caoutchouc  being  covered  with  powdered  talc  to 
prevent  adhesion. 

After  having  been  allowed  to  remain  twenty-four  hours  in  a  horizontal  position, 
the  plates  are  laid  upon  iron  frames  which  aro  placed  on  supports  in  such  a  way  that 
they  have  an  incline  of  45°,  which  serves  on  the  one  hand  to  prevent  the  caoutchouc 
plates  from  slippim?  when  heated,  and  on  the  other  hand  to  drain  off  the  condensed 
water  in  the  next  operation.  The  supports  set  upon  rollers  are  pushed  upon  a  tram- 
way into  a  large  orlinder  of  sheet  iron,  40  inches  in  diameter  and  20  feet  long.  This 
cylinder  is  closed  hermetically  by  means  of  a  caoutchouc  ring  fitting  in  between  the 
edge  of  the  cylinder  and  a  lid  of  sheet  iron,  the  lid  being  pressed  against  the  caout- 
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efaouo  ring  hj  meftns  of  elinohea  or  BcrewB.  When  the  cylinder  is  closed,  superheated 
steam  is  conducted  into  it  through  a  perforated  pipe  lying  along  its  bottom,  and  its 
contents  are  thereby  raised  gradually  within  two  or  thrco  hours  to  a  temperatore  of 
136^  C,  which  temperature  is  then  kept  up  for  seven  hours.  When  the  thicker  caout> 
chouc  plates  are  operated  upon,  such  as  are  j|  inch  thick,  the  temperature  must  be 
raised  still  more  gradually,  requiring  four  hours,  and  the  temperature  of  135^  C.  if 
kept  up  for  a  space  of  eight  hours.  The  whole  is  then  allowed  to  cool,  and  air  is 
admitted  into  the  cylinder,  the  lid  is  removed,  the  supports  taken  out,  and  the  plates 
removed  from  them.  The  caoutchouc  should  now  be  very  hard,  but  still  retain  a 
certain  amount  of  elasticity. 

When  either  too  great  a  temperature  has  been  employed,  or  too  much  sulphur 
has  been  added,  the  caoutchouc  is  hard,  but  it  is  at  the  same  time  brittle  and  friaUe. 
Fayen  has  shown  that  caoutchouc  heated  with  an  excess  of  sulphur  is  capable  of 
absorbing  as  much  as  48  per  cent,  of  that  substance.  A  good  hard  vulcanite,  however, 
should  not  contain  more  than  33  per  cent,  of  sulphur. 

Ihiring  the  process  of  heating  in  the  cylinder  water  is  constantly  condensing  upra 
the  upper  part  of  the  cylinder,  and  drops  down  upon  the  caoutchouc  plates  if  these  avB 
not  properly  protected.  Tliis  is  liable  to  exert  an  iujurious  effect  on  the  caoutchouc, 
owing  to  particles  of  rust  being  carried  down  along  with  the  water,  rendering  the 
surface  of  the  caoutchouc  coarse  and  impure.  This  may  be  prevented  either  by  pack- 
ing the  caoutcliouc  plates  between  two  pieces  of  sheet  iron,  and  setting  them  perpen- 
dicularly on  the  supports,  or  by  covering  the  plates  as  they  lie  inclined  on  the  sup- 
ports with  a  metal  roof  which  carries  away  the  condensed  water. 

Plates  of  vulcanite  thus  prepared  are  principally  used  for  Tnalring  combs.  For  thie 
purpose  after  the  required  shapes  are  drawn  upon  them  with  a  piece  of  pointed  steel, 
they  are  cut  into  smaller  pieces  with  a  saw.  These  pieces  are  then  planed  on  one  side, 
ana  afterwards  rendered  smooth  by  grinding  them  on  tables  of  slate.  The  teeth  are 
cut  with  a  circular  saw,  and  polished  with  pumice  powder  and  tallow.  Bent  combs 
are  prepared  by  dipping  straight  ones  into  hot  water,  and  giving  them  the  bent  form 
while  in  the  water ;  they  are  then  dipped  as  quickly  as  possible  in  cold  water,  and 
retain  afterwards  the  bent  form. 

Besides  sulphur  a  number  of  other  substances  are  employed  for  hardening 
caoutchouc,  the  use  of  which  depends  upon  the  purposes  the  caoutchouc  is  afterwards 
to  serve.  Thus,  for  instance^  zinc  white,  white  lead,  chalk,  powdered  heavy  spar,  etc, 
are  sometimes  mixed  with  caoutchouc.  For  the  manufacture  of  spindles  and  shuttles, 
an  addition  of  shellac  is  made. 

Uses  of  Vulcanite. — The  chief  use  of  vulcanite  is  in  the  manufacture  of  comhs ; 
combs  made  of  this  material  having  the  advantage  that  they  are  not  injured  either  by 
lukewarm  or  cold  water,  and  do  not  fray  out  like  horn  combs,  those  made  of  buffalo 
horn  not  excepted,  all  being  of  a  fibrous  nature. 

Vulcanite  is  also  used  for  the  disks  of  electric  machines,  for  furniture,  variooi 
ornaments,  book  covors,  fans,  for  corsettes  instead  of  whalebone,  for  very  smooth 
shuttles,  measures,  handles  of  knives,  etc.;  further  for  tho  pmall  silver  baths  of  pho- 
tographerH,  for  the  supports  of  galvanic  batteries,  etc. 

These  articles  are  coloured  either  by  simply  painting  them,  or  the  colour  is 
kneaded  in  with  the  caoutehouc  before  \iilcanisation. 

Manufacture  of  Artificial  Grindstones. — This  branch  of  industry  was  founded  about 
twelve  years  ago  by  M.  Deplanque,  and  since  then  it  has  been  so  much  improved  that 
it  lias  now  attained  considerable  importance.  The  stones  are  prepared  from  a  composi- 
tion consisting  of  quartz  sand,  powdered  flint,  emery  powder,  and  CAOutchouc  dissolved 
in  some  cheap  oil  of  tar.  This  mixture  is  kneaded  together,  and  yields  a  product  of 
such  durability  that  it  may  be  used  for  a  very  long  time  without  showing  much  sign 
of  wear.  Such  stones  are  well  adapted  for  polishing  various  implements  of  wiou^t 
iron,  steel,  cast  steel,  etc. 

The  apparatus  in  which  these  grindstones  are  prepared  is  shown  in  figs.  613  and 
514.  A  is  a  boiler  (fig.  613)  heated  from  below,  the  heating  of  which  admits  of  being 
easily  regulated.  About  84  lbs.  of  caoutchouc  clippings  are  heated  in  this  boiler  to 
220°  or  230°  0.  In  order  to  facilitate  the  distribution  of  heat  and  the  molting  of  the 
caoutchouc,  7  lbs.  more  of  heavy  oil  of  tar  are  added  after  a  lapse  of  two  hours.  The 
caoutchouc  gradually  melts,  and  after  a  lapse  of  another  two  hours,  another  7  lbs.  of 
oil  are  addc<l,  and  this  is  again  repeated  in  two  hours  more,  so  that  about  21  lbs.  ars 
added  in  six  hours. 

The  greater  portion  of  this  oil  of  tar  evaporates  and  passes  through  the  iron  head 
B  intr>  the  tube  c,  which  terminates  in  a  chimney  about  100  feet  high,  so  as  to  cany 
off  the  unpleafiant-smelling  vapour. 

When  the  mixture  hiis  become  liquid,  it  is  lot  out  through  a  tubd  into  the  reeeiver 
B.    As  vapour  escapes  here  also,  the  receiver  is  covered  with  a  capacious  hsad,  ■', 


ARTIFICIAL  aRINDSTONGS. 


iprodnetB  of  oombiuCioD  from  the  flnplaee  piuui  bUo  Chruugh  d  inb 


?,  ODil  into  the 


The  reaiTsria  brought  («□  (%.  ft14),  and  iH  lbs.  of  pulphurareitimdupwith  (b« 
ntchone  man  in  it.  In  order  to  prevent  Teeiculution  by  tbe  formation  of  gnlphiiTet(«d 
licgan,  6  Iba.  oflinio  ur  10  Ibe.  of  powdsrad  lithurgp  lire  ndiiedto  Che  miiture.  10  or 
Bwte.of  powdersd  quarli,  flint,  amory,  etc.,  are  naitiuidefl.Hnti  n  stiff doush  i«  thus  ol>- 
leil.  which  iitthen  kneitded  between  t^e  roU<'n(r)  in  ordor  to  render  it  humogeneuna 
DXghouL  The  rollars  rpTolre  in  oppoHito  directions,  nnd  the  one  mukss  two,  the 
BT  six  roTolutiona  per  minute.  Tboj  haTe  oiich  a  dinmutac  of  24  inchen,  tmd  are 
ted  intcniall;  by  means  of  etoam  to  SO"  or  B0°  C.  Aeoil  of  lar  rMopee  daring  this 
ceu,  canxing  an  unplensint  amell.  the  rollorn  are  oorcred  vith  a  sott  of  mantle  of 
et  iron,  which  conduct*  the  Tftpours  lirongh  the  tube  {^)  into  the  common  flue.  The 
Qtehouemaiw  thoa  prepared  ia  rolled  out  to  plates  of  ^  to  3}  iuchee  thick,  between 
I  rollera  of  a  nmilar  kind,  but  having  equal  ratea  of  reTolotion  (one  revolntioD  per 
mte].  Theee  plates  are  laid  od  a  table  strewn  with  tnlc  powder,  and  the  apper 
foes  of  the  phiCea  iaalsn  covered  with  the  aiime.  Bj  means  of  a  cylindrical  rutting 
Eh>ne,  fig.  615.  diaka  are  cut  from  tbeae  plaCea,  which  are  coven»l  o]i  their  entiro 
bee  wiui  powdered  tnlp,  and  being  placeil  in  loand  mouldi  under  a  powarfnl 
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,  are  anbmittfd  to  a  preaenie  of  ftum  130  U 
n  forced  out  of  the  moulds  by  means  of  ascrov 
■liSUa  OQ  the  table  (fig.  616),  the  irregular  edgea  cut  off  hy  the  ai 
•Am^and  a  hole  is  mude  in  the  centn  nf  each  plate,  The  disi 
*t  bnmt  in  a  cylinder,  ao  as  to  give  the  QeceasBry  degree  of  hudne 
Hiabiiniing  ii  carritii  out  in  an  apparatoa  represented  >i]i  flga.  618  nnd  619.  which 
■tirta  of  a  ^lindac  with  a  doable  jacket  between  which  steam  In  pHssed  through  t^ 
in  a  pTBBmre  of  5  atmosphersa,  aod  at  a  temperature  of  153°  C.  ao  that  the  («m- 
IKton  of  the  intarior  of  the  cylinder  rises  to  100°  C ;  the  condensed  wnler  escapes 
C,  ^nie  interioi  walla  of  the  cylinder  are  fnmiahod  with  auppoiu  b,  h,  b,  upon 
ich  na  placed  IIm  iron  plates  for  holding  the  grinding  stones.  When  the  cylinder 
Ftill;  dta^Bd,  tha  lid  t  is  screwed  up,  steam  is  passed  into  the  double  jacket,  and 


with  matil  quantities  of  vftpoun  of  oil  of  tar,  both  of  vliich  us  carried  off  by  t 
geotle  cuTTBnt  of  lir,  that  enters  by  s  bols  io  the  lid  of  the  DTlindsr  and  eaofHs 
through  a  tabs  at  the  opposite  end.  When  the  bomiDg  prooess  ih  over,  the  irilole  it 
allowed  to  cool  down,  and  the  «■ 
on  an  aTenge  half  ft  ton  of  sti 
cotma  of  two  opeiaCJons. 

The  itones  thni  prepared  ai 
rate  of  rotation  of  1,500  or  2,00 
in  diameter  and  3  inches  thick ;th^  weifjb  about  1}  cut.  each;  the  smallnst  are  aboot 
1  foot  ia  diameter  ind ^  inch  thick.  For  BharpciuQS  laivo  Bawa,  gtones  areempluj^d 
of  a  thickness  varjiag  between  ^  and  |  inch,  for  this  lattrr  purpose  MpeciEjlj  the 
stones  seem  to  be  well  adapted,  and  they  hsve  a  double  adraDtage  ot? r  files,  in  saviu 
maaoal  work  and  being  more  durable.  Besidee  this  application,  the  stones  are  mocE 
used  for  grinding  and  polishing  a  rariety  of  objectH  made  of  wrought  and  east  im 
and  BteeL 

GvTH  Pbbcha. — This  substaoM  is  a  product  of  trees  indigenous  to  Southern  Asia,  the 
East  Indies,  and  the  Indiun  Ar^ipelago.  It  baa  been  long  known  to  the  inhabitants 
of  those  regions,  but  its  utilisation  on  a  large  scale  dates  tron  its  importation  into 
Europe. 

lliBflTEtnotiiwof  it  appears  to  have  been  in  lS42bj  Dr.  Montgomery,  nijncianin 
the  Presidency  at  Siogapure,  in  a  lotter  to  the  Calcutta  Medical  Hoard,  and  soon  aftar- 
wsrdfi  to  thu  Kant  Indian  Company,  to  whom  ho  Bent  Kpeeimene  of  gntta  percha,  at  the 
aamu  lime  allndiug  to  its  valuabli'  proportiee,  I>r.  Muntgomery's  priority  of  dii- 
covL'TT.  liowfTer.  via  diaputeil  by  Dr.  Jozc  D'Almeidii,  who  had  also  resided  for  some 
time  in  the  name  locality,  and  who,  on  his  return  to  Eiiijland  in  1843,  I.iid  apmrnens 
of  the  substance  befori;  tlio  Asiatic  Society  of  London,  and  received  an  honorary  re- 
oognitioD  for  his  services. 

Europe  had  not  long  disroverrd  tho  ralnable  properties  of  gutta  percha  befoM  aa 
enormous  demand  waa  made  for  the  sabatancs,  especially  in  this  country ;  so  gmt,  ia- 
deed,  tliat  while  in  1844  ouly  4  cwte.  were  sent  over  to  this  rountry  as  samplea,  in  the 
next  year  as  much  as  9  tuns  ware  imported,  and  the  imports  hare  since  riarn  to 
tboasands  of  tons. 

According  to  M.  Bleekrod'a  report,  there  were  eiportnl  from  the  Indian  Ardri- 
pelogD  in  1B51  13t  tonn,  while  iii  IS.iS  the  export  from  those  inlands  rose  to  314  looa 

One  coosequcoce  of  ibis  unurmous  nud  sudden  increasii  in  the  cuDsumption  uf  gutta 
percha  was  that  erciy  aTsibiblo  means  was  taken  lo  produce  ):reat  quanCitiee  of  it  ai 
quickly  aa  possible,  which  crentually  led  to  a  complete  derastution  of  the  trrea  jicdd- 
Ing  iL  Collectors  of  tho  gntUi  [X'reha  juice  appeared  on  tho  cuiat  of  Sumatra,  Jan, 
Borneo,  and  all  the  ielands  of  tho  Indiiin  Archipelago  where  the  trees  grow;  and,  not 
contenteil  n-ith  simply  drawing  iifftiu:  rap,  cut  down  whole  trees.  In  this  way  entirs 
furesia  wore  destroyed  in  tho  first  few  yi'ara,  and  it  was  not  nntil  the  '  Qntta  Psrdw 
Trading  Society  '  took  the  matter  in  liand,  that  a  simpli'  tapping  of  the  trees  was  sub- 
stituted f"r  the  former  process  of  falling. 

Outta  percha  is  the  chief  cunstitneut  of  the  milky  juice  of  the  /unoiidra  gait*. 
Hooker,  a  tree  Iwlonging  to  the  family  t*Hpotflci'(e.  This  tree  floHrishes  in  tbs 
island  of  Singapore  and  in  the  smnll  neighbouring  islands,  in  Sumatra,  on  the  aonth 
east  and  west  coasts  of  Borneo  and  Jars,  and  other  inlands,  beiiig  found  all  up  ths 
Halavan  FenineolB.  According  to  Oiley.  the  tree  grows  to  a  height  of  10  to  TO  bst, 
the  diameter  of  the  trunk  reaching  6  feet.  Faren  describes  the  tree*  aa  haviac  ft 
height  of  SS  bet  and  a  diameter  of  upwards  of  3  feet.    A  tree  entirdy  faUad  ia  c^uk 
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of  yieldinff  as  much  as  from  33  to  40  lbs.  of  solid  gutta  percha.  The  wood  of  the 
gatta-pereha  tree  is  too  soft  for  use  except  as  fuel. 

The  milky  juice  containing  the  gutta  percha  circulates  in  dark -coloured  vessels 
along  the  stem  between  the  bark  and  woody  pith  ;  in  this  the  gutta  percha  occurs  in 
the  form  of  globules  suspended,  but  not  dissolved,  in  a  watery  sap.  These  globules 
readily  cohere  together  to  form  a  solid  mass. 

It  appears  from  an  interesting  treatise  by  M.  Bleekrod,  upon  the  gutta  percha  of 
8urinam,  that  the  price  of  this  article  varies  considerably  according  to  its  quality. 
The  cheapest  kind  was  sold  in  the  Amsterdam  market  at  S^d.  per  lb.,  while  the 
dearest  cost  Is.  4d.  per  lb.,  sold  from  the  4,615  cwts.  that  year  imported  from  the 
Dutch  possessions  in  the  East  Indies.  M.  Bleekrod  further  showed  that  the  gutta- 
percha plants  admit  of  being  cultivated  with  advantage  in  Dutch  Guiana,  and  also  that 
the  export  from  the  Dutch  Colonics  was  on  the  increase,  while  the  exports  &om  Singa- 
pore were  on  the  decline  owing  to  the  early  irrational  treatment  of  the  trees. 

M.  Bleekrod  also  mentions  the  production  of  a  substance  identical  with  gutta 

grcha  from  the  Sapota  Miilleri,  a  tree  also  belonging  to  the  Sapotaccous  family, 
e  states  that  the  sap  is  obtained  in  the  same  way  as  from  the  gutta-peivlm  trees, 
but  that  the  trees  suffer  by  the  process.  This  substance  has  now  become  an  article  of 
commerce. 

From  the  researches  of  M.  Payon  and  others,  it  appears  that  ordinary  gutta 
percha  consists  essentially  of  three  substances,  their  relative  proportions  to  one 
another  in  gutta  percha  determining  its  quality.  These  substances  have  been  termed 
gutta,  alban,  and  fluavil ;  and  the  average  composition  of  gutta  percha  is  : 

Ghitta 78  to  82  per  cent. 

Alban 16  to  14    „      „ 

Fluavil 6  to    4   „       „ 

According  to  M.  Payen,  these  three  substances  may  be  separated  as  follows 
Gutta  percha  is  boiled  with  absolute  alcohol  as  long  as  the  alcohol  dissolves  any- 
thing, when  the  residue  is  pure  gutta.  The  alcoholic  liquid  contains  alban  and 
fluavil ;  alban  is  precipitated  upon  cooling  and  can  be  removed  by  filtration,  and  the 
fluavil  can  be  obtained  by  evaporating  the  remaining  alcoholic  liquid. 

Pure  gutta  is  insoluble  in  alcohol,  and  also  in  cold  ether,  but  soluble  in  chloroform 
and  in  carbon  bisulphide.  It  is  a  white  substance,  melting  at  100°,  at  which  tem- 
perature thin  plates  of  it  are  transparent.  When  cold,  such  plates  are  not  transparent 
Thin  strips  of  gutta  percha  at  a  temperature  of  from  10°  to  30°  C.  are  tenacious  but 
not  elastic. 

In  this  condition  gutta  possesses  a  peculiar  property  which  is  taken  udyan- 
tage  of  in  preparing  straps,  ropes,  ribbons,  etc.  of  gutta  percha.  When,  for  instance, 
gutta  at  the  above  temperature  is  stretched  out  to  double  its  length,  it  retains  upon 
cooling  nearly  its  extended  form.  Its  structure  however  becomes  essentiallv  altered, 
passing  from  a  porous  into  a  fibrous  condition,  while  its  transparency  increases. 
Gutta  percha  of  the  finest  quality  shows  a  like  behaviour.  A  band  of  the  latter, 
^  inch  thick,  IJ  inch  wide,  and  8  inches  long,  when  stretched  to  17  inches  by  attach- 
ing to  it  a  weight  of  38  oz.,  does  not  retain  the  extended  form  when  the  weight  is 
removed,  nor  even  when  extended  to  25^  inches  by  a  weight  of  70  oz.,  but  an  elonga- 
tion of  the  band  |  inch  more  by  a  weight  of  75  oz.  causes  a  permanent  extension  of 
the  band  If  inches  upon  removal  of  the  weight,  while  at  the  same  time  the  condition 
of  the  gutta  percha  itself  is  altered.  This  experiment  was  made  at  a  surroimdine 
temperature  of  19°. 

Pure  gutta  begins  to  soften  at  50°;  thin  strips  of  It  become  thicker  at  this  tem- 
perature, but  decrease  in  length  and  width.  When  heated  further  gutta  becomes 
sticky,  assuming  between  100°  and  110°  a  doughy  consistency,  and  becoming  more 
transparent.  It  melts  at  a  temperature  of  130°.  A  still  ftirther  application  of 
heat  causes  it  to  boil,  and  it  3rields,  as  products  of  destructive  distillation,  an  empy- 
reuraatic  oil  and  some  gaseous  hydrocarl)ons. 

All  the  three  constituents  of  gutta  percha  become  electrical  upon  being  rubbed, 
and  they  are  bad  conductors  of  heat.  When  first  thrown  into  water  gutta  floats,  but  it 
soon  becomes  specifically  heavier  by  its  pores  getting  filled  with  water,  and  then  sinks. 

As  already  mentioned,  gutta  is  insoluble  in  alcohol,  and  in  ether  when  it  has  been 
previously  treated  with  alcohol.  It  is  also  very  slightly  soluble  in  either  benzol  or 
oil  of  turpentine  at  a  temperature  of  0°,  but  its  solubility  in  these  substances  in- 
creases with  the  rise  of  temperature.  Carbon  bi&ulphide  and  chloroform  dissolve 
pure  gutta  as  well  as  gutta  percha  at  the  ordinary  temperature. 

Pur9  gutta  is  not  attacked  either  by  the  caustic  alkalies  or  by  dilute  acids  ;  con- 
centrated sulphuric  acid  or  nitric  acid,  however,  exerts  a  powerful  action  upon  it.  Con- 
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centrated  hydrochloric  acid  ads  upon  gatta  very  slowly,  colouring  white  gutta  brown, 
the  colour  increasing  gradually  in  intensity. 

Alban,  as  already  mentioned,  separates  out  from  a  hot  alcoholic  extract  of  gutta 
porcha  upon  cooling.  It  forms  a  white  crystalline  powder,  or  sometimes  smaD  wait- 
like  lumps.  It  may  be  easily  obtained  in  the  latter  form  by  allowing  its  alcoholic 
solution  to  evaporate  in  the  air.  Examined  under  the  microscope  the  crystals  are  seen 
to  1)0  transparent  or  translucent  and  in  radiating  groups.  Alban  may  be  heated  up  to 
100°  without  undergoing  any  change ;  it  begins  to  melt  at  1 60°  C.  and  is  entirely  liquid 
and  transparent  at  175°  to  1 80°.  When  again  cooled  it  contracts  considerably,  forming 
a  solid  tninsparent  mass  specifically  heavier  than  water. 

Hydrochloric  acid,  and  dilute  acids,  as  well  as  alkaline  liquids,  exert  no  action  upon 
alban,  but  like  gutta  it  is  violently  attacked  by  concentrated  nitric  acid  or  sulphuric 
add.  Alban  is  soluble  in  benzol,  oil  of  turpentine,  carbon  bisulphide,  ether,  and 
chloroform.  It  may  be  obtained  in  a  crystalline  condition  from  its  solutions  in  the 
last  two  solvents,  as  well  as  from  absolute  alcohol. 

Fluavil. — This  substance  is  resinous  and  of  a  yellow  colour,  a  little  heavier 
than  water,  and  hard  and  blittle  at  a  temperature  of  0°.  At  higher  temperatures 
it  is  soft ;  at  60°  it  assumes  a  doughy  consistency,  melting  completely  when  heated  to 
100°  or  ]  10°.  When  exposed  to  a  still  higher  temperature  it  boils,  at  the  same  time 
undergoing  decomposition,  the  products  of  its  distillation  consisting  of  acid  vapours 
and  a  number  of  difieront  hyditxsarbous.  Fluavil  is  soluble  in  hot  and  cold  alcohol, 
also  in  ether,  oil  of  turpentine,  carbon  bisulphide,  and  chloroform.  When  its  solutions 
in  these  solvents  are  evaporated,  fluavil  is  deposited  in  the  amorphous  condition  only. 
As  obtained  by  evaporation  from  an  alcoholic  solution  it  retains  very  energetically  the 
last  portions  of  the  eolvent,  from  which  it  can  be  separated  only  by  protracted  heating 
at  100°C.  Fluavil  is  not  attacked  either  by  dilute  acids  or  solutions  of  caustic 
alkalies,  but  is  attacked  energetically  by  concentrated  nitric  acid  or  sulphuric  add. 

Gutta  pcrcha  being  a  mixture  of  the  three  substances  guttn,  albaa,  and  fluavil, 
its  properties  may  be  deduced  from  a  consideration  of  those  of  these  three  bodies. 
Gutta  percha  is  not  attacked  either  by  alkaline  liquids  or  by  dilute  acids,  a  fact  of 
considerable  importance  for  the  industrial  applications  of  this  substance,  since  it 
follows  that  most  liquids  such  as  wine,  beer,  vinegar,  soda  ley,  etc,  are  without  action 
upon  it.  Gutta  percha  is,  however,  energetically  attacked  by  concentrated  nitric  add, 
yielding  upon  protracted  boiling  with  this  reagent  nitric  oxide,  nitrous  acid,  camph- 
resinic  acid,  and  other  productK  of  oxidation.  Concentrated  sulphuric  acid  causes 
gutta  percha  to  swell,  and  converts  it  into  a  mucilaginous  mass.  Although  concen- 
trated hydrochloric  acid  attacks  gutta  percha  only  slightly,  still  the  gutta  percha 
syphons  employed  in  manufactories  of  this  acid  suffer  considerably  in  course  of 
time. 

One  of  the  most  valnable  properties  of  gutta  pcrcha  is  that  of  becoming  soft  and 
plastic  when  moderately  lieated.  At  the  ordinary  temperature  it  is  tenadous  and 
8ti£^  but  becomes  pliant  when  heated  to  25°,  begins  to  soften  at  48°,  and  is  so  plastic 
between  55°  and  60°  that  it  may  be  moulded  into  any  desired  form. 

Results,  (liff^iTing  in  many  respects  from  those  of  M.  Payen,  have  been  obtained  by 
M.  Baumhauer.  He  has  come  to  the  condusion  that  the  chief  constituent  of  gutta 
percha  is  a  hydrocarbon  having  a  composition  represented  by  the  formula  C|,H,,, 
besides  various  products  of  its  oxidation,  two  of  which  he  has  determined  with  cer- 
tainty and  represents  by  the  formulae  CjoHj^O  and  C^oH^O^.  The  opinion  of 
M.  Baumhauer  is  tbit  only  the  first  of  these  throe  substances,  C^H,,,  is  contained  in 
the  fresh  gutta-percha  sap,  and  that  this  is  identical  with  the  gutta  of  M.  Payen. 
The  other  two  oxygen  compounds  which  occur  in  gutUi  percha,  together  with  small 
quantities  of  a  number  of  other  similar  products,  he  considers  to  be  the  results  of  the 
oxidising  influence  of  thc>  air  upon  the  pure  sap. 

M.  Baumhauer  prepares  pure  gutta  by  treating  gutta  percha  first  with  water  and 
hydrochloric  acid  respectively,  and  then  with  boiling  ether.  The  ether  dissolves 
everything  except  a  brownish-black  substance,  which  is  quickly  filtered  off,  the  gutta 
separating  from  the  filtrate  upon  cooling  in  the  form  of  a  white  powder.  This  powder 
is  then  rccrystallised  from  ether  until,  upon  cooling,  nothing  more  remains  dissolved. 

When  exposed  to  the  air,  gMtta.  percha  undergoes  a  peculiar  change,  which  is  es- 
pecially noticeable  when  the  air  has  a  temperature  of  25°  or  30°,  and  ^e  gutta  percha 
is  in  the  form  of  thin  plates,  ribbons,  or  threads.  The  gutta  pcrcha  emits  a  peculiar 
smell,  which  is  accompanied  by  the  evolution  of  acid  vapours,  while  the  substance 
assumes  a  yellowish  colour.  This  change  is  very  injurious,  for  it  is  accompanied  by  a 
loss  of  tenacity,  hardness,  and  pliancy  in  the  gutta  percha  itself,  the  gatta  gradoaUv 
disappearing,  a  fact  which  may  bo  verified  by  treating  such  altered  gutta  percha  witL 
cold  absolute  alcohol,  in  which  it  dissolves  after  a  lapse  of  some  time.  On  this  aooonnt 
many  attcmpta  have  been  made  to  protect  gutta  percha  from  this  destructive  inflaenoe 
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of  the  air.  It  may  be  conveniently  preserved  under  water  in  vessels  of  wronght  or 
cast  iron,  probably  because  the  iron  deprives  the  water  of  the  oxygon  dissolved  in  it. 
Ossonised  air  exerts  a  strongly  oxidising  effect  upon  gutta  percha.  Gutta  pcrcha  is 
especially  quickly  oxidised  when  exposed  to  a  moist  atmosphere  under  the  influence  of 
the  sun's  rays. 

The  method  of  obtaining  the  sap  of  gutta-percha  trees  formerly  employed,  con- 
sisted in  felling  the  trees,  making  incisions  in  the- bark  at  distances  of  from  1  to  1^ 
feet  from  each  other,  and  then  collecting  the  juice  in  vessels  placed  beneath  such  in- 
cisions. The  method  now  employed  is  simply  to  make  incisions  in  the  stems  of  living 
trees  and  to  collect  the  juice  in  hollows  at  the  foot  of  the  trees.  The  juice  coagulates 
in  a  short  time,  and  is  then  kneaded  with  the  hands,  formed  into  various  shaped 
blocks,  and  sent  to  Europe,  packed  in  coarse  wrappers. 

The  raw  gutta  percha  of  commerce  contains  a  number  of  mechanical  impurities, 
such  as  pieces  of  woody  fibre,  earthy  mixtures,  etc.,  which  have  to  be  got  rid  of  be- 
fore the  gutta  percha  can  bo  worked.  The  process  of  purification  is  executed  by  the 
aid  of  a  specially  constructed  apparatus.  The  gutta  percha  is  first  of  all  cut  into 
shreds  by  a  machine  consisting  of  a  large  disk,  fitted  with  three  straight  or  curved  planing 
irons  in  such  a  way  that  upon  turning  the  disk  the  pieces  of  gutta  percha  lying  up(m 
the  inclined  surface,  and  slightly  pressed  against  the  revolving  disk,  are  planed  into 
delicate  shreds.  The  planing  irons  are  kept  wet  with  water  during  the  operation. 
The  gutta  percha  passes  from  this  cutting  machine  on  to  a  shelf,  when  it  is  pressed 
by  means  of  two  rollers  against  a  drum  furnished  with  saw  teeth  similar  to  that  used 
in  cutting  beet  roots  in  sugar  manufactories  (see  Sugar),  and  cut  into  still  finer  pieces. 
From  this  shelf  the  pieces  of  gutta  percha  fall  into  a  basin  filled  with  cold  water, 
where  the  ligneous  particles,  absorbing  water  and  becoming  heavier,  fall  to  the  bot- 
tom, the  other  impurities  are  dissolved  out  by  the  water,  while  the  gutta  percha  itself 
floats  on  the  sur&ce.  Here  it  is  caught  by  an  endless  cloth,  stretched  upon  two 
rollers,  pressed  upon  a  second  drum,  passed  into  a  second  water  basin,  and  then  to  the 
third  cutting  machine,  which  may  either  have  the  form  of  the  two  former  ones,  or  it 
may  consist  of  a  hoUander  (see  p.  641).  The  gutta  percha  after  this  finds  its  way 
into  a  Inrffe  basin  filled  with  water  at  a  temperature  of  80°.  then  is  brought  by  the  agency 
of  an  endless  cloth  under  a  drum,  furnished  with  knife  blades,  and  between  it  and 
its  breasting,  also  armed  with  knife  blades,  it  is  once  more  submitted  to  a  cutting  and 
tearing  process. 

This  last  tearing  and  the  action  of  the  hot  water  serve  to  aggregate  the  pieces  of 
gutta  percha,  admitting  of  it«  formation  into  blocks.  For  this  purpose  it  is  carried 
upon  an  endless  doth  between  five  pair  of  rollers,  which  are  so  set  that  the  lower 
one  of  each  pair  revolves  underneath  water,  and  the  upper  one  just  on  the  surface. 
The  rate  of  revolution  of  the  rollers  increases  towards  the  last  pair.  The  gutta 
percha  is  converted  into  a  long  band,  and  passes  from  the  bath  upon  the  endless  cloth, 
between  another  pair  of  rollers,  which  press  out  adherent  water  from  it.  The  gutta 
percha  is  then  either  rolled  out  directly  into  plates  by  a  rolling  mill,  or  into  round  or 
angular  threads,  bands,  etc,  by  means  of  a  grooved  mill,  the  rollers  being  set  in  equal 
but  opposite  motion. 

In  Mr.  Hancock's  manufactory,  the  gutta  percha  is  purified  by  placing  the  shreds 
in  wat^r  hoat<Hl  to  100°,  and  violently  agitated.  The  shreds  become  sticky,  and  are 
then  pressed  into  balls.  These  balls  are  placed  in  a  cylindrical  vessel  in  which  re- 
volve* a  toothed  roller  which  again  tears  it  into  very  fine  pieces.  The  pieces  are  washed 
with  water  to  separate  the  impurities  which  fall  to  the  bottom. 

Upon  leaving  the  washing  apparatus,  the  gutta  percha  is  rolled  out  into  plates, 
which,  when  required  for  moulding,  are  softeoed  by  gentle  heating.  This  heating  is 
effected  by  placing  the  gutta-percha  plates  in  a  semi-globular  vessel  of  iron  with 
double  sides,  between  which  steam  is  passed  at  a  temperature  of  153°,  and  under  a 
pressure  of  5  atmospheres,  and  this  serves  to  heat  the  gutta  percha  to  112°  or  115°. 
The  gutta  percha  is  thus  not  only  rendered  soft  and  plastic,  but  adherent  water  is 
driven  off,  and  a  material  is  obtained  which  is  more  durable,  and  admits  of  being 
more  easily  and  firmly  united. 

M.  Payen  proposed  the  use  of  spirit  of  wine,  whf-re  it  can  be  had  cheaply,  for 
purifying  gutta  percha,  injurious  substances  such  as  alban  and  fiuavil  being  dissolved 
out  by  the  spirit.  To  prevent  loss  of  alcohol  he  recommended  further  the  iwe  of  the 
apparatus  referred  to  in  the  description  of  the  extraction  of  fatty  oils  by  carbon  bi- 
sulphide (see  p.  1 44). 

The  following  alterations  and  improvements  in  the  method  of  purifying  gutta 
percha  have  been  introduced  by  M.  lycverd. 

The  complete  division  of  the  giitta  percha  is  effected  by  a  machine  depicted  in 
figs.  520  and  521.  Blocks  of  gutta  percha  are  cut  with  a  circular  saw  into  irregular 
prisms,  and  then  pressed  against  a  tearing  drum  upon  a  table  (d).    The  drum  has  a 
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the  diviiiioQB  lietireen  the  t«et  h  of  thi!  secDDd  n 
toarinK  operation  is  tusisted  liy  a  stream  of  vat 
kejA  ilowly  rerolring. 

The  torn  shreds  of  gatlA  percha  ars  next  muhed  Id  three  Teauli,  cammnoi- 
caling  vith  one  anotlier  either  by  eyphoiu  or  straight  tol>M.  The  vaah  water  passM 
from  the  third  tab  or  bitsin  iato  the  second,  and  from  the  second  into  the  fint,  fron 
vhenro  it  is  then  mii  off.  so  that  in  this  way  the  washed  gntts  porcha  comes  into  coo- 
tact  with  water  iacreasiiit;  in  parity. 
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The  washed  gutts-percha  mass  is  then  nprend  onl  npon  an  indinpd  floor  for  the 
water  to  mn  otF.  It  is  further  dried  \-y  paBoing  it  thniiigh  a  rolling  mill,  the  roUen 
of  which  nre  heated  intern.illy  by  steom.  The  gul.ta  percha  iuBnes  from  between  the 
rollers  in  veiy  thin  plates,  which  are  at  once  seized  by  workmen,  who  stretch  then 
ont  to  doulile  their  widtli ;  any  [urticles  of  ligueuus  fibre  that  they  may  still  contain 
are  in  this  thin  condition  of  the  plates  easily  detectei!  and  pideci  out.  Tlie  sheets  or 
plates  are  then  spread  out  in  the  air  tor  a  shurt  time  to  effect  a  further  drying. 

The  last  tmL'es  of  mninlnro  nre  removei!  by  heatiuR  in  an  iipparatos  represeiited 
by  l!g.  S22,  consisting  of  a  Hat  vessel  a  with  double  sides  n.  into  whicb  stoam  is  paiveil 
Ihrongh  the  cock  c,  and  the  contents  of  the  vessel  thus  heatoil  np  to  lll>°  or  115°  C. 
The  TOndenso-i  water  escapee  throaeh  u  back  again  into  the  Imiler.  The  shallow 
vessel  A  is  fitted  with  a  lid  consistitu;  of  three  movable  piece*,  which  arrangement  ail- 
mitB  of  an  easier  filling  and  emptying  of  the  cexsel  than  if  the  Litter  were  made  of  s 
sinfile  piece.  When  the  gutta-percha  nias^  has  l>een  so  long  heated  in  this  apparatni 
that  no  more  moisture  is  driren  off  it  is  noit  passed  into  the  bneadtog  mschtue 
(flft-  &2X).  which  consiltM  of  an  elongated  roasel  a  (shown  in  the  flg,  in  section^  In 
this  vesssl  rMate  two  grooved  rollers  c  and  n,  the  STOoves  of  which  tit  into  each 
other.  The  rullrrs  revolve  in  opposite  directions,  as  shown  by  the  arrows,  and  cfferl 
a  thorough  kneailing  <it  the  mass,  which  lal  ter  is  kept  of  a  doughy  consistency  by 
steam  passsj  through  the  cock  f,  itit'i  the  Jacket  of  the  knt.iihng  vessel,  the  cun- 
dansed  water  retnrning  to  the  boiler  by  the  pipe  /. 

The  kneading  of  the  gutta  pcrchiii  to  a  liomogeneous  mn^is  in  this  apparatus  ii 
geoecally  effected  in  the  course  of  an  hour,  and  it  ie  then  passed  into  a  colling  mill, 
which  lulls  it  out  into  V>an'ls.  Etraps.  rupes,  threads,  etc. 
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The  gutta-percha  dough  obtained  by  the  aid  of  this  apparatmi  is  especially 
suitable  for  the  preparation  of  round  ropes  or  tubes  with  the  vermicelli  press. 

In  the  manufacturing  of  ropes  and  tubes  of  gutta  percha,  a  jacketed  cylinder, 
heated  with  steam  to  100°,  is  charged  with  gutta-percha  dough.  By  means  of  a 
closely  fitting  piston  entering  at  one  end  of  the  cylinder,  the  dough  is  pressed  out 
through  a  conical  mouthpiece  at  the  other  end,  and  thus  receives  the  desired  form. 
The  tubes  first  pressed  out  are  put  on  one  side,  as  they  are  vesiculated  by  the  air 
originally  contained  in  the  apparatus.  The  tubes  pass  from  the  aperture  into  a 
trough  filled  with  cold  water,  by  which  they  are  sufficiently  hardened  to  retain  their 
form. 

Firmer  and  more  compact  tubes  are  obtained  by  moulding  the  gutta-percha  mass 
first  into  wide  tubes,  and  stretching  these  out  to  twice  their  length.  To  avoid  the 
loss  of  time  in  the  frequent  filling  of  the  apparatus,  and  the  disadvantage  of  introduc- 
ing air  into  the  cylinder  with  each  supply  of  material,  causing  a  vesiculation  of  the 
tubes,  Messrs.  Nichols  and  Selby  use,  instead  of  a  piston,  a  pair  of  rollers  moving  in 
opposite  directions  and  pressing  upon  the  gutta-percha  mass  in  the  cylinder.  The 
dough  is  supplied  through  the  rollers  in  quantities  exactly  corresponding  to  that 
passing  out  at  the  aperture  in  the  fi)rm  of  tubes,  etc.  The  action  is  thus  continuous, 
and  tubes  of  any  required  length  may  be  made. 

Round  threads  of  gutta  percha  are  prepared  by  a  method  exactly  corresponding  to 
that  employed  in  the  nuinutacture  of  round  threads  of  caoutchouc. 

Plates  of  gutta  percha  are  also  prepared  by  a  process  similar  to  that  employed  in 
the  manufacture  of  the  same  artides  in  caoutchouc,  the  only  difference  being  that 
plastic  gutta  percha  heated  to  100°  or  115°  is  used. 

Ribbons  and  angular  threads  are  prepared  firom  gutta-percha  plates  by  cutting 
them  lengthways  with  sharp-pointed  knifes  set  against  the  drawing  rolh^rs.  The 
width  of  the  ribbons  or  threads  depends  upon  the  distance  the  knives  are  set  apart  from 
each  other.  The  still  soft  ribbons  or  threads  are  passed  over  an  endless  cloth  so  as 
to  cool  them. 

Gutta-percha  mouldings,  impressions  of  medals,  etc.,  are  obtained  by  pressing  the 
plastic  gutta  percha  into  moulds  or  upon  the  surfaces  to  be  copied,  and  allowing  it  tu 
cool. 

Vulcanisation  of  Gutta  Percha. — As  gutta  percha  becomes  so  soft  at  a  temperature 
of  46°  to  60°  that  it  cannot  be  used  for  machines  in  warm  rooms,  or  for  rems,  etc., 
attempts  have  been  made  to  vulcanise  it,  and  it  has  been  found  that  gutta  percha,  like 
india  rubber,  undergoes  a  peculiar  change  when  heated  with  sulphur. 

For  vulcanising  gutta  percha  the  hyposulphites  of  lead  or  zinc  are  more  suitable 
than  sulphur  itself.  A  mixture  of  100  parts  of  gutta  percha  with  15  parts  of  the  hy- 
posulphite is  kneaded  at  a  temperature  of  100°,  and  the  moulded  object  made  from 
this  is  afterwards  heated  to  140  . 

A  number  of  other  substances  have  also  been  proposed  for  mixing  with  gutta  percha 
80  as  to  modify  its  properties.  Mr.  Hancock  recommends  an  addition  of  caoutchouc  for 
preparing  ribbons,  straps,  etc.  Mr.  Forster  recommends  an  addition  of  1  part  of  bone 
black  to  4  parts  of  gutta  percha  for  making  a  varnish  for  clothes,  leather,  etc.  He 
also  recommends  for  pressed  manufactures  the  following  mixture : — 

Guttapercha 4  parts 

Bone  black 2      „ 

Arsenious  acid -fs     » 

A  very  hard  mass  is  yielded  by — 

Gutta  percha 8    parts 

Powdered  bones It* 

Pipe  clay J       »» 

Jnmianon  of  Tele^ph  Wires  with  Gutta  PercAa.— Siemens  was  the  first  to  employ 
gutta  percha  for  the  insulation  of  telegraph  wires,  but  his  method  has  not  been  found 
efficient  for  subterranean  lines,  owing  to  the  insulating  material  being  eaten  by  animals. 
This  kind  of  insulation  has  been  found  very^  serviceable,  however,  for  submarine 
telegraphs,  and  it  is  that  adopted,  among  other  instances,  in  the  submarine  telegraphs 
between  Europe  and  America. 

The  copper  wire  is  covered  by  means  of  an  apparatus  similar  in  construction  to 
that  already  described  for  pressing  gutta-percha  tubeis,  a  perforated  block  through  which 
the  wire  is  drawn  being  set  against  the  moulding  aperture,  and  as  the  wire  passes  through 
it  is  covered  with  gutta  percha.  The  wire  is  in  this  case  drawn  out  by  the  fric- 
tion of  the  gutta  percha  itself.  When  several  wires  have  to  be  covered  at  the  same 
time  a  block  is  employed,  having  the  required  number  of  perforations,  through  which 
the  wires  arc  drawn. 

8C 
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The  Atlantic  cable  laid  in  1858  consists  of  a  nucleus  of  7  copper  wires,  6  lying 
round  a  middle  one.  This  nucleus  of  wires  is  surrounded  by  a  threefold  covering  of 
gutta  percha ;  this  again  by  a  stuffing  of  hemp  soaked  in  tar,  and  round  this  is  fliudly 
wound  spirally  1 8  strands  of  soft  iron  wire. 

The  cable  of  1866  consists  alw  of  a  nucleus  of  7  copper  wires,  surrounded  bT 
Chatterton's  compound ;  oyer  these  are  wound  4  coiits  of  gutta  percha,  alternating  with 
4  coats  of  Chatterton's  compound,  and  finally  10  strands  of  galvanised  iron  wire,  each 
being  surrounded  witli  jute  yam  saturated  with  tiir.  The  Atlantic  cable  of  1865  is 
of  similar  construction. 

The  inFulation  of  the  French  Atlantic  cable  is  nearly  the  same  as  the  aboye,  con- 
sisting of  4  coats  of  gutta  percha  with  intermediate  layers  of  Chatterton's  compound. 
The  nucleus  also  of  7  strands  of  copper  wire  is,  however,  thicker  than  in  the  previously 
mentioned  cables.  The  external  coating  consists  of  galvanised  wires  of  Bessemer  steel 
covered  with  yarn. 
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Qtun  is  the  general  name  for  a  nnmber  of  allied  carbohydrates  which  frequently 
occur  in  plants,  especially  yarions  species  of  acacia,  and  exude  from  the  trees  in  the 
form  of  transparent  tears.  Various  fruit  trees,  such  as  the  plum  and  cherry,  furnish 
a  similar  product.  The  seeds  of  yarious  plants  also  contain  a  kind  of  gum,  which 
differs  from  the  gum  arable,  gum  Senegal,  cherry  tree  or  native  gum,  gum  of  Bassora, 
and  gum  tragacanth,  by  being  insoluble  even  in  boiling  water,  only  swelling  up  into  a 
gelatinous  mass.  The  various  kinds  of  gum  form  a  thick  glutinous  solution  with  water, 
and  are  insoluble  in  alcohol.  By  oxidation  with  nitric  acid,  they  are  converted  into 
oxalic  and  mucic  acids. 

Until  the  year  1860,  when  Fremy  published  the  results  of  his  investigations,  gum 
was  looked  upon  as  a  neutral  substance,  analogous  to  dextrin,  but  intermixed  with 
some  organic  matters.  Fremy,  however,  came  to  the  conclusion  that  the  different 
kinds  of  gum  are  compounds  of  bases  with  modifications  of  a  gelatinous  substance, 
comparable  to  the  pectic  compounds  derived  from  pectose.  The  following  are  Uie 
principal  grounds  upon  which  he  based  his  conclusions. 

Wiien  a  solution  of  gum  arabic  is  treated  with  oxalic  acid  and  lime  eliminated, 
there  remains  in  solution  an  oigunic  substance  which  Fremy  considered  to  1k>  a 
weak  acid,  and  he  named  it  gummic  acid. 

When  a  very  thick  aqueous  solution  of  gum  arabic  is  left  for  several  hours  in 
contact  with  concentrated  8ulpliuricaci<l,so  as  not  to  mix,  the  previously  soluble  gum 
becomes  transformed  into  a  kind  of  membrane  which  is  insoluble  even  in  boiling 
water.  This  is  an  isomeric  modification  of  the  previously  mentioned  *  gummic  acid,' 
and  has  been  named  metagummic  acid.  This  change  does  not  take  place  when 
dilute  sulphuric  acid  or  simply  powdered  gum  is  used. 

Upon  neating  the  insoluble  metagummic  acid  with  traces  of  an  alkali,  it  is  imme- 
diately dissolved,  and  is  no  longer  precipitated  by  an  acid ;  the  metagummic  acid 
having  been  reconverted  into  gummic  acid,  which  remains  in  combination  with  the 
alkali  used.  .  When  lime  is  employed,  the  product  presents  all  the  characters  of  gum 
arabic.  On  the  other  hand,  when  the  gummic  acid  set  free  by  oxalic  acid  is  heated, 
it  is  converted  into  metaguniniic  acid,  and  when  this  in  its  turn  is  treated  with  lime, 
gum  arabic  is  regenerated. 

Gelis  had  observed  that,  under  the  infiuence  of  a  temperature  of  150®  C.  maintained 
for  several  hours,  gum  arabic  becomes  insoluble  in  water,  and  that  after  boiling  it  for 
several  hours  in  water  it  again  becomes  soluble.  This  is  explained  by  supposing  that, 
under  the  influence  of  heat,  insoluble  metagummate  of  lime  is  formed,  the  lime  re* 
maining  in  combination,  and  that,  under  the  infiuence  of  boiling  water,  soluble  gum 
(gummate  of  lime)  is  regenerated. 

Cherry  tree  gum  contains  a  substance  soluble  in  water,  and  identical  with  gum 
arabic,  together  with  another  insoluble  in  water,  called  cerasiii,  identical  with 
Gelis's  metagummate  of  lime,  obtained  by  heating  gum  arabic,  and  like  it  becoming 
soluble  after  prolonged  boiling  in  water.  From  the  fact  that  cerasin  is  occasionally 
met  with  ready  formed  in  some  kinds  of  fruit,  and  from  other  considerations,  Fremy 
considered  it  probable  that  the  insoluble  body  is  first  formed  naturally,  and  that  the 
soluble  modification  is  the  result  of  the  subsequent  influence  of  vegetation. 

Bassora  gum  is  almost  entirely  insoluble,  a  portion  consisting  of  a  gelatinous 
substance  presenting  many  analogies  with  metagummic  acid,  but  not  identical  with 
it.  When  treated  with  alkalies  or  alkaline  earths,  it  yields  true  gum  soluble  in  water, 
insipid,  uncrystallisable,  and  insoluble  in  alcohol,  but  differing  from  gum  arabic  in 
being  precipitated  by  neutral  acetate  of  lead. 

Fremy  suggests  that  the  facility  with  which  the  conversion  of  soluble  gum  into  an 
insoluble  condition  takes  place  may  allow  of  the  use  of  gum  as  a  substitute  for 
albumin  in  fixing  colours. 

Gum  Arabic  exudes  from  several  kinds  of  acacia,  such  as  A,  vera  and  A,  arabica  of 
Eeypt  aod  Arabia.    The  tears  are  either  white  or  slightly  yellow  or  brown,  and 
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crack  on  exposure  to  the  nir.  If  this  gum  be  dissolved  in  water,  acidulated  with 
hydrochloric  acid,  and  mixed  with  alcohol,  white  flakes  of  arabin  or  arabic  add, 
2CfiiflyKfi,  or  C„H„0„  (the  gummic  acid  of  Fremy),  are  deposited. 

Gum  arabic  consists  of  soluble  calcium,  magnesium,  and  potassium  gnmmates. 
Gummic  acid  dried  at  127^  C.  becomes  01,11^0,0  by  loss  of  H,0.  Gum  arabic  has 
a  specific  gravity  of  1*355,  and  contains  70*40  per  cent,  arabin  and  17*60  per 
cent,  water;  the  remaining  12  per  cent,  is  made  up  of  combined  bases,  acid  calcic 
malate,  etc.  A  solution  of  the  gum  produces  leftrhanded  rotation  of  a  polarised  ray, 
and  is  not  susceptible  of  alcoholic  fermentation  by  means  of  yeast,  but  if  digested 
with  cheese  and  chalk,  it  may  be  made  to  fiimish  12  per  cent,  or  more  of  alcohol ; 
calcic  lactate  is  simultaneously  formed.  Dilute  sulphuric  acid  changes  gum  arabin 
into  dextrin,  and  this  on  boiling  becomes  dextro-rotatoiy  sug^  capable  of  being 
fermented.  A  sulpho-gummic  acid  is  produced  by  the  action  of  strong  sulphuric  add 
upon  gum  arabic.  When  oxidised  with  nitric  acid  it  yields  not  only  oxalic  add  and 
mucic  acid,  but  also  saccharic  and  tartaric  acids ;  with  fuming  acid,  substitution  com- 
pounds are  produced. 

Gum  arabic  is  much  used  in  medicine  for  the  preparation  of  emollient  pastes  and 
syrups ;  it  is  also  used  in  the  preparation  of  inks  to  sustain  the  suspension  of  the 
tannate  of  iron.  .  For  thickening  colours,  etc.,  it  is  also  largely  employed. 

Gum  Senegal  from  A.  Senegal  shows  a  specific  gravity  of  1*436,  and  contains 
81*10  per  cent,  arabin,  16*10  per  cent,  water,  and  2  or  3  per  cent,  saline  matters.  It 
is  mainly  used  by  calico  printers  for  thickening  coloiirs  and  mordants. 

Cherry-tree  Gum  exudes  from  trees  of  the  amygdalaceous  order.  It  is  only  partially 
soluble  in  water,  and  consists  of  52  1  per  cent,  arabin,  34*9  per  cent,  cerasin  (a  meta> 
gummato  of  lime),  12  per  cent,  water,  and  1  per  cent,  saline  matters. 

Basaora  Gum  appears  to  be  furnished  by  a  cactus.  The  soluble  part  constitutes 
about  1  per  cent,  of  the  gum ;  the  insoluble  bassorin  dissolves  in  weak  alkalies  and 
acids  by  means  of  heat. 

Gum  Tragacanth  exudes  from  the  Astragalus  verue  of  Armenia  and  Persia.  Its 
sp  gr.  is  1  *384,  and  about  50  per  cent,  dissolves  in  cold  water ;  the  insoluble  part  swells 
up  and  has  been  shown  to  contain  starch.  Warm  dilute  acids  effect  the  entire  solution 
of  gum  tragacanth,  and  boiling  water  dissolves  it  almost  entirely. 

The  soluble  portion  of  tragacanth,  although  closely  resembling  the  arabin  of  gum 
arabic,  differs  from  it  in  not  giving  any  reaction  with  silicate  of  potash  or  perchloride 
of  iron,  and  in  the  appearance  of  the  precipitate  produced  by  alcohol.  For  this  reason  it 
has  been  sometimes  distinguished  from  the  urabin  of  gum  ambic  as  tragacanthin. 
The  insoluble  portion  has  generally  been  described  as  bassorin,  but  some  recent  re- 
searches of  Giraud  appear  to  indicate  that  it  consists  largely  of  an  insoluble  pectic 
prindple,  probably  pectose.  When  digested  with  fifty  times  its  weight  of  water  for 
several  hours  in  a  water  bath,  it  becomes  partially  soluble,  and  loses  its  property  of 
swelling  after  drying.  Submitted  to  the  action  of  acidulated  water  (1  per  cent.},  it 
becomes  entirely  soluble.  The  new  product  is  prindpally  pectin,  combining  witii  al- 
kalies to  form  pectates  and  metapectate^  that  are  precipitated  by  alcohol.  By  treat- 
ment of  the  barium  compound  with  hydrochloric  or  acetic  acid,  pectic  acid  is  set  free. 
According  to  Giraud,  the  composition  of  gum  tragacanth  is : — 

Water 20    per  cent. 

Pectic  compound 60  „ 

Soluble  gum 8-10  „ 

Cellulose 3  „ 

Starch 2-3  „ 

Inorganic  matter 8  „ 

Nitrogenous  bodies    .  traces 

It  is  used  in  medicine  and  calico  printing,  and  also  by  shoemakers. 

Mucilage f  or  the  gum  of  seeds  and  roois^  appears  to  be  an  almost  universal  con- 
stituent of  plants.  It  is  extracted  by  steeping  die  seeds  and  roots  in  hot  water,  when 
a  jelly  is  formed  consisting  of  swollen  cells  containing  mucilage  in  solution.  Dilute 
acids  at  100°  furnish  from  this  product  glucose. 

Gum  from  Sugar. — According  to  Keichardt,  a  gum  is  produced  and  accoinpanies 
pummic  acid  when  glucose  is  oxidised  by  cupric  salts.  The  formula  GisH^O,,  has 
been  assigned  to  it. 

Artificial  gum ^  known  as  British  gum  and  dextrin,  is  produced  by  the  toxTttfSMtion 
of  starch. 


STABCH. 

:b  is  a  labataace  closelj  rsUtad  to  cellnloM,  haTing  tlie  uum 
peicent«ge  compoaicion  and  tdmilar  pioperti^i.  It  does  not  occur  in  meh  large  qn>D- 
titlM  B8  cellaloae,  but  quite  as  freqnetiU}' ;  and  probablj  all  phanarogamous  planli 
contain  atarch  at  some  period  of  tbeir  growth. 

Starch  occuts  in  relatively  larger  quantitiM  in  manj  of  tha  organs  of  propagation, 
■nchaatnberaandrhizomBs;  in  potatoes,  thoaeedBofcerpals,  the  fruit  of  cheatnuW,  etc., 
and  it  aerree  ae  food  for  the  yaung  plnnl  in  the  first  etagea  of  its  growth,  being  dia- 
KilTsd  and  aBsimilaled  nntil  Uarea  have  been  developed,  and  the  plant  be^mea 
capable  of  taking  itA  noDriabiaent  from  the  air  and  nil. 

Starch  also  occurs  in  many  other  parts,  as  in  the  pith  of  trees  and  ahrnbs.  in  voodj 
and  pacenchjmatona  tissues,  etc  Its  occurrence  in  these  ports  is  not,  honever,  con- 
atant  and  H}aBl,  the  same  tiesuea  being  at  certain  aeasona  fully  charged  with  starch, 
and  at  others  almost  entirely  devoid  of  it.  During  the  period  of  acllTe  growth  plants 
produce  fiom  inorganic  sabatances  organised  material  id  greater  quantity  than  they 
require.  Part  of  this  material  aaaumes  the  form  of  starch,  and  is  atored  up  for  use 
when,  at  a  future  time,  in  the  formation  of  new  aabstance,  the  plant  can  no  longer 
obtain  Ibod  &am  external  sources.  Other  sabalaiicei  similar  to  staich,  such  as  sagac, 
inulin,  etc.,  serre  the  same  purpose  in  the  plant. 

tnurmoters. — Starch  in  ita  earliest  condition,  as  it  originates  in  plant  cells,  oiwaja 
fomu  hard  round  granulee  which  exhibit  a  peculiar  process  of  growth  ;  dissolred  sub- 
■t«neea  fbnned  by  the  chemic&t  agency  of  Che  protoplasm  being  absorbed,  converteil 
inU)  Btarch,  and  deposited  in  sud:  a  way  that  these  snbstaTicee  are  uniformly  die- 
tribnted  in  all  directions  throughout  the  entire  mass  of  the  granule.  The  growth  of  a 
■taich  granule  is  not.  as  was  at  one  time  supposed,  aimilar  to  the  growth  of  a  crystal, 
in  which  the  new  substance  iirrangea  itself  aymmetrically  around  a  nnclena,  neither 
'  T  of  the  original  granule,  or  by  apposition,  but 


in  the  way  described,  by  intusanscepUo 

As  the  growth  increaaes.  a  peciuiar  jilteration  takes  place  in  the  substance.  The 
original  nnclens  appears  under  the  miacrohcope  as  a  homogeneons  mass ;  but  the  grow- 
ing gianula  becomes  BtcatiBed,  owing  to  layers  arranging  themselTes  concentrically  or 
excentrically  roand  a  noclena.  Every  granule  contains  one  or  more  nuclei,  each  of 
which  is  surrounded  by  a  number  of  layers.  This  atratificatian  depends  upon  the 
dtfp^a  of  density  of  the  mntvria).  and  the  density  Tories  with  the  different  amount  of 
water  in  encb  layer,  the  result  being  that  a  layer  rich  in  water  always  alternates  with 


r.  The  external  layer  is  »Iways  dense,  containing  but  a  small  quantity  of 
vaier;  next  to  this  is  a  layer  richer  in  water  and  lees  dense,  and  so  nn  until  thenucleua 
ilaelf  is  reached,  which  always  contains  a  proportionately  large  quantity  of  water. 

The  nuclei  of  starch  grannies  are  surrounded  on   all  sides  by  Uyern,  bnt  this 
■tiatiflcation  is  not  equally  perceptible  in  all  kinds  of  starch;  '     *  "  '      ' 

Luge  Btarvh  grains  of  the  polnto  tuber, 
and  those  obtained  from  the  fruit  of  the 
potato  are  still  better  for  domonatrating 
this  appearance.  Fig.  524representsstarch    , 
grains  that  have  beencrushed  bypreaeure.    J 
A   similar   appeannce   is   presented    by   I 
Starch  graina  thnt  have  been  heated  to  a 
tompenvturo  of  200°  or  210°  and  then    i 
moistened   with    water.       Fig,    626    re-    \ 
presents   stjtrch  grains  that  have  been 
thna  treated,  and  the  etratiflcaf' 
be  easily  aeen. 

The  growth  of  starch  granules  is  not  alike  ii 
granules  than  another;  in  some  pUnts  the  granules  ai 
ticular;  some  are  irregularly  round  ;  many  are  polyhedral,  being  partly  flattened  bj 


B  dewnninec.  _^ 

with  ID  oommeKfl  an  lepnMnted  by  th*  foUoTing  illnitmtioaa  taken  bam  Hauall'i 
work  on  'Food.' 

Potato  itarch,  repraoenMd  bj  flg.  fi2S,umHgiiiHed  200  diam^tsn,  ha(  theflimi 
of  ovate  or  oytttt-Khaped  gnaule^  ezbibiting  diitinct  conceatric  nog*.  The  hilam  ia 
veil  defined,  but  Bmall,  and  ia  sitnated  at  the  narrow  end  of  the  granule, 

Haranta  search,  orWest  India  arrowroot,  obtained  iron)  the  ihiiomea  of 
ifaranla  arandinaeea,  it  represented  b;  fig.  S27,  aa  magnified  240  diameter*.    The 


grannies  an  gaoeHlU;  oblong  or  O'  . 
tent  triangnlar.  The  sice  of  the  grannlea  Tuiea  eoQddettiblj'.  The;  present  distinct 
concentric  lines  and  the  hilum  is  well  defined,  in  moat  caaea  as  a  distinct  trantTsna 
line,  which  is  speciall;  characteristic  of  this  kind  of  starch,  less  frequently  a*  a 
cirenUr  *pot. 


Fia.  528. 


Fio.  529. 


rery  large,  ovate,  fiat  itnd  broad,  and  ■omotimsB  pointed  at  the  narrow  end.  "Dtrj 
exhibit  distinct  concentric  rings,  which  are  very  fine,  renlar,  and  close  toertbgr.  Tbt 
gnnulea  vary  conaidembl;  in  lize,  bnC  they  ure  genetsllj  mnch  larger  t^  those  «l 
potato  stnrch,  and  the  hilum  i»  leas  ilistincdj  marked. 

The  Btarch  known  by  the  name  of  sago  is  obtained  from  the  pith  of  sereial  kiodl 
of  palm,  growing  in  the  isluids  of  the  Indian  Archipelago,  Madagascar,  and  New 
Cninea,  Sagut  Bumphii,  8.  farinifrra,  9.  "pikia,  8.  tavii,  and  S.gtnHUia  ;  also  fram 
Cl/caa  eirei»alu  and  C.  rtaoiuta,  growing  in  China  and  Japan.  The  grannies  of  this 
starch  are  represented  bj  fig,  S29,  as  magnified  226  diametara  They  raty  in  lis^ 
are  elongatml.  rounded  at  one  end,  and  truncated  at  the  other.  The  Mlnm  ia  aone- 
timea  circular,  bnt  often  presents  the  appHuance  of  a  Inmsrene  slit  oi  ttar.  The 
coDcentrio  rings  are  generally  indiatinet,  and  sametimes  the  granules  have  a  •oineriat 
oormgated  appearanee. 

Tacoa  or  Tahiti  arrowroot  coniista  of  ths  statcb  obtained  tron   the  tahw* 


of  AoM 
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oaumicii,  u  ualive  of  ths  South  Sea  Iilaodi.  The  gTRnalm  of  tbiB  sMrch  are 
:cd  by  flff.  580,  u  migDifled  220  diameters.  They  Homewhat  riiiamble  liuwe 
•tAteb,  OHiTiDg  aimilur  roondad  and  truncated  ouda,  but  ars  generally 
eb  imaUer  and  less  el>ingutsd.  The  concentric  rlngi  are  vary  indiBtlnct.  The 
geDsrall;  ciraular,  but  Bomatimog  preBonta  the  stdlste  form  obserred  in  aago 

■tsTch  obtained  liom  the  tDbais  of  Curmma  angiulyfolia,  and  cummoDly 
■  East  India  arrowroot,  is  r«iresi-ntod  b;  fig.  531,  a»  magnifinl  240  diu- 
The  gnnulea  are  flat,  elongated,  and  irregularly  ahapod,  u^iually  with  one 


Fki.  630. 


Fra.  531. 


•ad  pointed  and  tb«  othar  obtn«e.  The  hilam,  Bitoatud  at  the  pointed  extremity,  ii 
TMj  in^itinct  and  Bomatiines  not  recogoisable.  The  concentric  lines  ere  frequently 
inteROptBd.  The  granules  are  generall  j  lai^er  than  tliDise  of  Wast  Indian  arrowruot, 
and  id  MTeial  other  respects  thpse  two  liimlg  of  starch  are  uiaily  dislinguiahablu. 

The  starch  obtained  from  Manihot  lUilisaima,  M.  Aipi,  nnd  M.  Janipha,  koown  as 
Brtkliliaa  arrowroot  and  tnpioca,  is  rapraHOnted  by  fig.  532,  bb  nii4,'nifiid  22^1 


AaeUn.  The  gmnules  are  small,  and  sometimes  two  or  more  are  unil^  tooether. 
liKf  fraqoantl;  present  trancated  surfaces.  The  bilnm  is  distinct,  generally  circDlnr, 
Iw  sometimes  stellate. 

The  starch  oljtained  from  the  tubers  of  .^ntm  mactdatsm.  and  commonly  known  as 
*«»tland  arrowroot,  in  represented  by  flg.  533,  At  mngoifle-l  i40  Hiametsra,  Tlie 
Siiiniles  present  eoosiderebla  resemblance  in  configuration  to  ihouof  taccn  arrowruol, 
'^Ting  the  truncated  surfaces,  tLe  fiuurod  or  st^llalc  hilum  and  indistinct  rings,  but 
■»•  -nry  much  smaller,  und  an:  thus  easily  distinguiahalilB  from  them. 

The  starch  obtained  from  the  different  sources  aboro  meutioaed,  wilh  the  sicep 
^^  of  potato  starch,  is  met  with  in  commerce  under  the  name  of  arrowrool.  of 
^^tich  there  are  geTeial  klDils,  pretenting  alight  differrncee  in  their  chamcters.  and  in 
^*  facility  with  which  they  are  conrcrlal  into  paste  bj  hot  water,  on  which  lUMOUUt 
'■**J  hftT*  •  higher  nine  than  potato  starch,  f  utato  starch,  rice  starch,  nod  maise 
l**»iL  an  alao  commonly  met  with,  but  they  are  ceDerally  inferior  to  Ihose  kinds 
^*^avn  as  mow  root.  For  illustrations  of  the  giaaales  uf  these  atid  some  other  kinds 
"  aunh,  ■••  utide  '  Buap. 


compontion. 

If  cartaia  ■oWsnti,  such  t»  nlira  at  a  Ump«Tatnra  of  10°  to  47°,  dilate  sztnet  tt 
malt,  or  veir  dilnta  adds,  lie  alloved  to  set  on  gtarch  for  some  time,  the  greater  put 
of  it  ia  dinalTsd.  Tha  andimolvad  leiidue  is  a  little  reduced  in  *o1iuiie,  bot  otbar- 
wiie  appareatlj  ni»Itered,  (be  utratlflcaiJDn  .being  more  disiinct  tbaD  before.  The 
reaidue  wlien  treated  with  a  aoliitioii  of  iodine  ahowB  a  different  department  fonn  that 
of  tbe  origioal  grojiiiIeB;  theae  ara  at  one  coloured  iateaselj  bine  bj  iodioe,  while  the 
reaidue  doea  not  abow  tlmt  reaction  provided  the  anlrenta  have  been  allowed  to  Mt 
long  enough.  The  coLaration,  howerer,  takes  place  Immediately  if  the  reeidoe  be 
flnt  treated  with  a  drop  of  coacantisted  Bulpharic  acid.  Stnri^b,  therefore,  coosiita  of 
an  eanl;  solnbie  snbetance,  coloured  bine  by  iodine,  and  an  insolublu  BubMsnee.  which 
is  onl;  coloured  blue  by  iodine  after  the  addition  of  aulphuric  acid,  behaving  in  thii 
reapect  like  cellnlose,  Nigeli  accordingly  distinguisbeB  thvK  two  conatituenta  » 
(Urch  cellulose  and  starch  granuloae.  The  granuloBe  is  present  in  relatirely  greater 
qnantity,  and  to  it  the  uonltered  starch  owes  the  property  of  becoming  blue  with 
iodine.  Both  subBtaoces  are  distributed  throughout  the  entire  man  of  the  staith 
granule,  and  are  not  separated  in  layers. 

Uoaltered  Btorch  giaculee  are  at  the  ordinary  tempetatnre  and  pressure  inaolable 
in  water.  But  atarch  absorbs  water  in  liifierent  proportions,  and  retuns  it  ao  pe^ 
sistentlj  tliat  Payen  was  on  this  account  led  to  sslume  the  eiisteDce  of  different 
ehemieal  compounds  of  starch  with  water.  Starch  dried  in  a  Tacnoin  at  a  tempera- 
ture  of  l!0''-liO''  is  anhydroni.  In  this  condign  Payen  repressnta  the  oompotitioa 
ofatorch  as: 

C,^„O..H,0  or  aC^„0„ 
in  whicli  ths  molecule  of  water  is  considered  as  water  of  combination  replaceable  bj 
bases.  Anhydniu  starch  is  a  rery  mobile  powder,  of  exceedingly  bygroacopie  nature. 
It  absorbs  moistoie  with  great  rapidity  ft^m  the  air.  passing  iato  ^e  flrst  hydnUSt 
which,  beside*  ths  water  of  combination,  also  contuos  a  further  two  molecnlaa  of 
water  according  to  the  formula : 

C,^„0,H,0   t   2H,0  or  C,H„0^0. 
This  eompoQiid  is  also  obtained  when  starch  ia  dried  in  a  racuam  at  a  tempentuie  of 
10"  to  16°, 

When  exposed  for  a  longer  time  to  the  action  of  the  atmosphere,  starch  take*  np 
two  more  molectdee  of  water,  in  which  coodition  it  contains  IB  per  cent,  of  water. 
Thisis  the  amount  present  in  ordinary  eommerdal  starch.  In  an  atmoapbeie  saturated 
with  moisture  the  absorption  extends  to  10  molecules  of  water,  tbe  resulting  con- 
poand  CDDtainiug  3A  per  cent,  of  water.  In  this  condition  the  granules  stick  ti^sther, 
and  can  be  made  into  balta  by  simply  kneading  with  the  hands.  A  still  further  com- 
poniid  of  starch  with  water,  called  green  starch,  contains  16  per  cent,  of  water.  It 
IB  obt*ined  by  absorbing  the  excess  of  water  from  starch  paste  by  placing  the 
paste  on  a  plate  of  gypsam.  Upon  throwing  this  green  starch,  in  small  quaotitirs  at 
a  time,  apon  plates  heated  to  140°  or  150°,  the  granulee  suddenly  swell  up  and 
agglutinate.  Ilia  property  of  starch  is  taken  advantage  of  industrially  in  preparing 
from  potato  starch  imitations  of  certain  exotic  kinds  of  starch,  known  in  the  maricet 

The  ftJIowingtablegiTea  the  composition  of  the  different  hydrates  of  starch: 


Driedin»ncnamatl&0°    .        . 
DriedinTacnumatl&°      .        . 
Air  dried 

Green  starch       .... 

Fonnida 

^^C^P«.H 

^^E^ 

W-. 

c;;l;S.H,o 

C,,H„0,.H,0  +  2H,0 
C,^„O.H,0  +  4H,0 
C,^„0,,I1,0  +  luH.O 
C,^,.O..H,0  +  1SH,0 

_ 
100 
90 

81  ■82 
64-39 
54S5 

..- 

IS-IB 
3S-71 
4S-4fi 

It  appears  vety  doubtful  whether  these  bydrated  starch  compounds  can  be 
properly  considered  as  chemical  compounds,  since  the  water  ia  so  loosely  combined  that 
the  alighteltchangs  of  temperature,  indeed  erery  change  iathe  ntaiwpheric  moistore, 
causes  an  expulsion  of  part  of  their  water  or  net  veni.  Fayen's  dry  atarch  may  b* 
considered  as  a  constant  compound,  haring  a  oompoeitiou  tepresented  by  the  fbsnala 
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Ci^H^Oig.  This  substance  is  hygroscopic,  retaining  with  more  or  less  energy  the 
absorbed  water  just  like  wool,  silk,  and  many  vegetable  substances.  It  is  possible 
that  a  part  of  the  water  is  held  by  simple  surfeuse  attraction,  while  the  other  part  is 
held  by  the  power  of  absorption  of  the  less  dense  layers  of  the  granules. 

For  the  determination  of  the  amount  of  water  in  a  sample  of  starch  Scheibler  has 
giyen  a  method  which  may  easily  be  employed.  It  is  based  upon  the  &ct  that  starch 
which  contains  more  than  11*4  per  cent,  of  water  readily  parts  with  the  excess  when 
treated  with  alcohol  of  '8339  specific  gravity,  while  starch  containing  less  water  takes 
up  from  alcohol  of  the  above  strength  water  sufficient  to  bring  the  amount  up  to  11*4 
per  cent  The  increase  or  diminution  of  the  proportion  of  water  in  the  alcohol  em- 
ployed is  ascertained  from  its  specific  gravity,  which  becomes,  therefore,  a  measure  of 
the  aqueous  contents  of  the  starch  operated  upon.  The  test  is  carried  out  in  the 
followmg  way : — Starch  is  covered  witn  double  its  weight  of  alcohol,  having  at  the 
normal  temperature  a  density  of  '8339 ;  the  mixture  is  frequently  shaken  during  an 
hour,  and  the  alcohol  then  filtered  off  and  its  specific  gravity  determined.  For 
simplification  the  alcohol  may  be  measured  instead  of  weighed.  For  every  100  cc  of 
alcohol  («>  83*39  grams)  41*7  grams  of  starch  must  then  be  weighed  off.  The  change 
effected  in  the  specific  gravity  of  alcohol  by  the  different  starch  hydrates  has  been 
exactly  determined  by  a  number  of  experiments,  and  the  following  table  has  been  con- 
structed in  which  the  resulting  specific  gravity  of  the  alcohol  is  giyen,  together  with  the 
coiresponding  percentage  of  water  in  starch : 
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Perfectly  anhydrous  starch  maybe  heated  to  160^  without  undergoing  any  change; 
at  a  temperature  of  200^  it  assumes  a  brownish-yellow  colour,  and  is  converted  with- 
out any  alteration  in  weight  into  a  substance  having  the  same  composition  and  called 
dextrin,  which  is  soluble  in  cold  water.  Starch  containing  about  18  or  20  percent, 
of  water  is  converted  into  dextrin  at  a  temperature  of  160^,  especially  if  the  heating 
be  effected  in  closed  vessels,  so  as  to  prevent  evaporation  of  the  water. 

When  starch  is  boiled  with  200  times  its  weight  of  water  it  swells  up  to  such  an 
extent  that  it  is  apparently  dissolved,  and  the  liquid  so  obtained  passes  almost  clear 
through  a  filter.  This  is  due,  however,  less  to  actual  solution  than  to  an  extraordinary 
expansion,  as  the  apparently  dissolved  staich  is  again  deposited  from  the  liquid  in  a 
fiocculent  form  upon  alternately  freesing  and  thawing  the  filtrate.  In  like  manner 
tiie  separation  of  water  from  apparently  dissolved  starch  can  be  efiected  by  bringing 
the  roots  of  growing  plants  into  the  liquid ;  the  plants  take  up  only  the  water,  the 
starch  accumulating  in  flocks  about  the  roots. 

A  mixture  of  starch  with  12  to  15  parts  of  water  may  be  heated  to  55°  without 
any  change  being  effected  in  the  starch  ;  at  a  temperature  of  57^  the  youngest  gra- 
nules begin  to  swell  up,  and  in  proportion  as  the  heat  increases  the  remaining  granules 
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Ukewise  swell  up.    At  a  temperature  of  72°  the  liquid  first  becomes  Tiscoos,  and  when 
at  the  boiling  point  it  is  oouyerted  into  paste. 

The  starch  granules  in  swelling  up  may  expand  totwen^-firc  times  their  Tolume,  and 
upon  this  depends  the  consistency  of  paste,  which  is  thicker  the  less  space  the  stardi  gra- 
nules haye  in  the  liquid  for  expansion  ;  the  granules  press  against  one  another  and 
form  eventually  an  adherent  shapeless  mass.  Upon  cooling,  the  paste  contracts  and 
becomes  harder,  and  when  yery  thick  it  cracks.  This  contraction  reaches  its  maximum 
when  the  paste  is  frozen,  a  separation  of  the  water  and  starch  taking  place  by  the  water 
crystallising  out.  Upon  melting  the  frozen  paste  the  water  and  starch  do  not  again 
combine,  but  the  water  drains  away,  and  the  disorganised  starch  remains  as  a  kind  of 
fblty  mass,  which  when  dry  has  the  appearance  of  muther-of-pearl. 

Solutions  of  potash  or  soda  change  starch  into  paste,  even  in  the  cold ;  treated 
with  a  solution  containing  2  per  cent,  of  caustic  soda,  potato  starch  swells  to  76  times 
its  original  volume.    This  property  is  taken  advantage  of  in  testing  flour. 

Ammonia  does  not  convert  starch  into  paste.  If  a  trace  of  starch  be  added  to  a 
solution  of  salt  of  ammonia  and  then  solution  of  caustic  soda  drop  by  drop,  the  starch 
remains  unchanged  until  .the  whole  of  the  ammonia  salt  has  been  decomposed ;  but 
the  least  excess  of  soda  causes  immediately  an  expansion  of  the  starch  granules.  The 
dilatation  of  starch  in  the  cold  is  also  caused  by  several  acids  in  the  diluted  state, 
such  as  sulphuric,  hydrochloric,  nitric,  and  others.  Concentrated  solutions  of  varioos 
salts  have  a  similar  effect  upon  ktarch ;  thus,  cold  saturated  or  half  saturated  solu- 
tions of  potassium  bromide  or  sodium  bromide  convert  starch  into  paste,  but  other 
salta,  such  as  potassium  chloride,  have  no  such  effect  upon  it. 

The  further  action  of  acids  upon  starch  differs  widely  according  to  the  concentra- 
tion of  the  acid  and  the  temperature.  When  starch  is  heated  to  boiling  with  very 
dilute  acids  (1  to  2  per  cent.),  no  formation  of  paste  takes  place ;  after  a  short  time 
a  complete  solution  is  formed,  containing  at  first  a  modified  soluble  starch,  which 
passes  into  dextrin,  and  this  is  converted  gradually  into  grape  sugar,  so  that  even- 
tually the  whole  of  the  starch  is  changed  into  this  form  of  sugar. 

The  same  change  as  is  produced  by  dilute  acids  nt  a  high  temperature  is  also 
effected  by  a  number  of  other  substances,  the  exact  nature  of  which,  however,  is  not 
known.  Thus  it  is  brought  about  by  a  substance  called  diastase,  which  is  iformed 
during  the  germination  of  cereals ;  also  by  a  peculiar  body  found  in  the  saliva  and 
gastric  juice  of  animals.  The  saliva  and  the  gastric  juice  by  their  action  upon  starch 
render  it  digestible.  The  action  of  diastiso  is  applied  industrially  in  brandy  distilla- 
tion and  in  browing. 

Starch  triturat^  with  concentrated  sulphuric  acid  is  changed  into  starch  sul- 
phuric acid,  a  mucilaginous  substance  soluble  in  water.  Upon  neutralising  the 
aqueous  solution  with  bases  uncrystallisable  salts  are  formed.  When  the  mixture  of 
starch  and  sulphuric  acid  is  diluted  with  alcohol  it  is  decomposed,  and  deposits  a  greasf 
mass,  which  may  be  kneaded.  If  this  be  treated  with  water  the  greater  part  is  dis- 
i  lived,  and  upon  filtering  and  adding  alcohol  to  the  clear  filtrate  white  flocks  ar« 
deposited,  which  are  soluble  in  cold  water  but  insoluble  in  alcohol.  This  flocculent 
substance  is  a  modification  of  starch,  having  the  same  composition  as  starch,  but  differ- 
ing from  it  by  being  soluble  in  cold  water  and  not  forming  a  paste.  This  soluble 
starch  is  formed  under  different  conditions,  as  by  the  action  in  the  cold  upon  starch  of 
very  concentrated  or  glacial  acetic  add,  and  during  the  cliange  effected  in  starch  by 
dilute  acids,  etc.  The  fact,  that  when  sbirch  is  tritur:ited  for  a  long  time  with  a  small 
quantity  of  water  a  small  quantity  of  the  starch  passes  into  solution,  is  possibly 
due  to  the  formation  of  tliis  soluble  modification  through  the  heat  generated  by  the 
friction. 

Concentrated  nitric  acid  (sp.  gr.  1*52)  dissolves  starch  even  in  the  cold.  Upon 
diluting  such  a  solution  with  water  a  white  powder  is  precipitatml,  which  when  diy 
explodes  upon  being  struck.  This  substance  is  called  xyloidin,  and  has  the  same 
composition  as  the  corresponding  compound  of  cellulose.  Very  dilute  nitric  acid 
behaves  with  starch  in  the  same  way  as  other  acids.  When  starch  is  boiled  with 
moderately  concentrated  nitric  acid  it  is  converted  completely  into  oxalic  acid. 

Iodine  in  solution  in  water,  potassium  iodide,  or  dilute  alcohol,  when  brought  into 
contact  with  uncluinged  starch,  starch  paste,  or  soluble  starch,  immediately  oelouzs  it 
blue,  the  coloration  produced  varying  from  light  blue  to  almost  black,  according  to 
the  proportions  between  the  starch  and  iodine.  Solution  of  iodine  in  absolute  alcohol 
docs  not  produce  the  blue  colour  with  starch,  but  the  colour  is  immediately  produced 
upi>a  the  addition  of  water.  This  reaction  serves  for  the  detection  of  starch  and  for 
distinguishing  it  from  other  substances,  especially  in  microscopical  researches. 

Liquids  containing  only  a  very  small  quantity  of  starch  (1  per  cent.)  are  coloured 
blue  by  the  addition  of  iodine,  the  starch  iodide  appearing^  to  be  completely  di»olycd; 
but  upon  dissolving  salts  in  such  liquids  insoluble  starch  iodide  is  precipitated  as  the 
roDceutration  increases. 
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Staioh  iodide  suspended  in  -water  is  bleached  by  the  sunlight,  owing  to  the  con- 
version of  the  iodine  into  hydriodic  acid;  but  the  colour  isr  restored  byoasone  and  other 
oxidising  agents.  All  alkalies  by  combination  with  the  iodine  of  starch  iodide,  de- 
colorise it,  but  the  addition  of  acids  causes  the  colour  to  reappear. 

Starch  iodide  suspended  in  water  loses  its  colour  also  wnen  heated  to  66°,  the 
coloration  reappearing  npon  cooling.  This  experiment  may  be  performed  with  the 
same  portion  of  starch  iodide  seyeral  times,  but  the  blue  colour  gradually  disappears, 
owing  to  the  volatilisation  of  the  iodine;  the  addition  of  a  fresh  quantity  of  iodine 
immediately  restores  the  colour. 

The  reaction  between  iodine  and  starch  only  takes  place  when  both  are  present  in 
the  free  state ;  thus,  potassium  iodide  gives  no  coloration  with  starch.  The  charac- 
teristic blue  colour  appears  in  this  case  only  when  some  of  the  iodine  in  the  potassium 
iodide  has  been  set  free  by  such  reagents  as  chlorine,  ozone,  nitrous  acid,  etc. ;  iodine 
is  not  liberated  in  the  free  state  by  hydrochloric,  sulphuric,  and  nitric  acids,  but  con- 
verted into  hydriodic  acid.  A  mixture  of  potassium  iodide  and  starch  is  therefore  a 
useful  reagent  for  the  detection  of  chlorine,  ozone,  peroxide  of  hydrogen,  nitrous  acid,  etc. 

The  dSOferent  behaviour  of  starch,  dextrin,  and  sugar  towards  iodine  makes  it  pos- 
sible to  follow  the  changes  effected  in  starch  by  dilute  acids,  diastase,  saliva,  etc.  So 
long  as  unchanged  or  modified  starch  in  present  the  addition  of  iodine  produces  a  blue 
coloration;  when  the  starch  is  almost  completely  changed  into  dextrin,  a  characteristic 
red  colour  appears ;  finally,  when  nothing  but  sugar  is  present,  no  colour  at  all  is  pro- 
duced by  iodine.  This  test  requires  that  the  liquids  should  be  cold,  on  account  of  the 
decoloration  of  starch  iodide  at  a  slightly-elevated  temperature. 

Starch  possesses  the  property  of  combining  with  bases.  Upon  mixing  together  a 
solution  of  caustic  soda  (6  parts  soda  to  200  parts  water)  and  water  containing  starch 
suspended  in  it  (25  parts  starch  to  100  parts  water),  a  transparent  colourless  jelly  is 
formed  after  a  short  time,  which  is  a  compound  of  scdium  hydrate  and  starch.  If  this 
jell^  is  mixed  with  a  7  per  cenL  aqueous  solution  of  calcium  chloride  a  double  decom- 
position takes  place,  and  a  thick  wnite  insoluble  mass  is  formed  which  is  a  compound 
of  starch  with  lime,  sodium  chloride  being  in  solution.  A  series  of  compounds  of 
starch  with  other  bases  may  be  similarly  formed  in  which  the  starch  cannot  be  de- 
tected by  means  of  iodine.  The  starch  in  such  compounds  is  immediately  set  fr«e 
upon  the  addition  of  acids. 

Starch  exhibits  a  characteristic  reaction  with  ammoniacal  copper  solution 
(Schweitzer's  cellulose  test).  If  40  times  its  volume  of  ammonium  cuprate  be 
poured  over  starch  and  allowed  to  stand  six  hours,  the  starch  swells  up  to  ten  times 
its  original  volume ;  examined  under  the  microscope  the  granules  appear  translucent 
and  of  a  bluish  colour.  The  substance  when  washed  wit^  ammonia  gives  up  copper 
oxide,  and,  if  the  washing  be  continued  until  the  entire  quantity  of  copper  oxide  is 
dissolved  out,  the  residual  starch  likewise  dissolves  in  aqueous  ammonia.  Starch  is  by 
this  process  converted  into  its  soluble  modification.  If  water  be  used  for  removing 
the  excess  of  copper  solution  the  starch  dissolves,  and  a  greenish  compound  remaini 
behind,  being  a  compound  of  starch  with  from  12  to  13  per  cent,  of  copper  oxide. 
This  compound  may  also  be  obtained  direct  by  pouring  very  thin  starch  paste  into  an 
ammoniacal  copper  solution. 

When  this  compound  is  treated  with  hydrochloric  acid  it  is  immediately  decom- 
posed, and,  according  to  the  amount  of  water  present,  is  either  converted  into  a  jelly 
or  is  completely  dissolved.  The  addition  of  alcohol  to  the  jelly  or  the  solution 
causes  the  separation  of  the  starch,  which  then  gives  a  blue  colour  with  iodine.  No 
conversion  of  starch  into  dextrin  is  effected  by  this  treatment. 

All  the  substances  belonging  to  the  starch  group  are  closely  related  to  sugar. 
Thus,  every  kind  of  starch  when  boiled  or  heated  under  pressure  with  dilute  sulphuric 
acid,  undergoes  alteration  and  is  converted  into  a  substance  known  as  dextrin,  having 
the  same  composition  as  starch,  but  like  the  substance  occurring  in  British  gum  (see 
p.  800),  being  very  soluble  in  water  and  causing  the  rotation  of  a  polarised  ray  from  left 
to  right ;  if  the  boiling  or  heating  be  continued,  dextrose  sugar  is  formed  by  the  fixation 
of  a  molecule  of  water.  It  was  formerly  supposed  that,  by  the  action  of  dilute  acids,  starch 
is  converted  wholly  into  dextrin  by  mere  alteration  of  its  physical  structure,  and  that 
by  continuing  the  treatment  dextrin  combines  with  the  elements  of  water,  giving  rise 
to  the  formation  of  glucose.  But  recent  experiments  by  Musculus  appear  to  indicate 
that  both  dextrin  and  glucose  are  produced  simultaneously  by  the  action  of  dilute 
acids  upon  starch,  and  that  the  subbtances  thus  produced  bear  the  proportion  of  1 
molecule  of  glucose  to  2  molecules  of  dextrin,  according  to  which  restut,  the  molecule 
of  starch  may  be  regarded  as  having  a  composition  represented  by  the  formula 
C,gHMO,s,  and  its  decomposition  by  dilute  acids  may  be  represented  by  the  following 

equation : 

Cj,H^O«  +  H,0  =  C,H„0,  +  2C,H„04. 
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Again,  during  germination  the  diastase  of  seeds  converts  starch  into  a  soluble 
mixture  of  dextrin  and  dettrose,  or  maltose  (see  p.  803)  in  varioos  proportions,  ac- 
cording to  the  temperature  and  other  conditions  under  which  the  action  takes  place. 
Although  starch  cannot  be  induced  to  undergo  fermentation  bj  means  of  yeast,  jet 
Berthelot  has  shown  that  chalk  and  cheese  at  38°  C.  cause  the  fermentation  of  starch, 
with  the  production  of  a  considerable  amount  of  alcohol ;  doubtless  sugar  is  produced 
as  an  intermediate  principle.  Starch,  like  sugar,  also  yields  oxalic  aod  on  ozidatbn 
with  nitric  add. 

Inulin  (Cfiifii^  is  found  in  quantity  in  the  roots  of  Inula  Helenium,  HeUamikm 
iuberosus^  and  Dahlia^  and  may  bo  prepared  by  merely  rasping  them  and  levigating 
with  water ;  inulin  deposits  from  the  washings,  on  standing,  and  may  be  readily  puri- 
fied by  solution  in  hot  water  and  precipitation  by  alcohol.  It  is  a  white  amorphous 
tasteless  substance,  nearly  insoluble  in  cold  water,  but  freely  soluble  in  hot  water. 
Iodine  produces  a  brown  coloration.  It  has  the  same  percentage  composition  as 
ordinary  starch,  and  when  boiled  with  dilute  acids  is  completely  converted  into  Ittfa- 
lose. 

Glycogen  is  the  name  given  to  a  kind  of  starch  or  amylaceous  principle  produced 
by  the  lirers  of  most  animals,  and  it  is  supposed  to  constitute  the  intermediate 
product  in  the  formation  of  sugar  in  the  animal  organism.  It  is  a  white  amorphous 
substance,  without  taste  or  smell,  insoluble  in  alcohol,  and  yielding  with  water  an 
opalescent  solution.    When  boiled  with  dilute  acids  it  is  converted  into  glucose. 

No  kind  of  starch  exists  as  such  in  the  brain,  notwithstanding  the  numerous  state- 
ments which  have  been  made  to  this  effect.  The  reactions,  which  hare  probably  led 
to  this  statement  being  made,  are  referable  to  a  substance  named  cerebrine,  and  to 
others  allied  to  it,  all  of  which  yield  dextrose  on  boiling  or  heating  under  pressors 
with  dilute  sulphuric  acid.  This  reaction  would  indicate  the  existence  in  these 
substances  of  a  starch-like  molecule,  in  spite  of  their  nitrogenous  nature. 

In  the  chapter  on  Obllulosb  (see  p.  615)  it  will  be  seen  how  very  much  its  properties 
assimilate  to  starch,  and  indeed  it  has  a  like  composition.  That  there  is  a  very  distinct 
difference  between  the  various  members  of  the  starch  group  is  shown  by  many  f&cts, 
notably  because  inulin  for  instance  yields  Isvulose,  whilst  ordinary  starch  yields 
dextrose  on  boiling  with  dilute  acids. 

As  a  whole,  the  starches  seem  to  be  constituted  on  the  type  of  a  complex  ether, 
under  which  light  the  sugars  may  be  regarded  as  polyatomic  alcohols  derived  from 
them ;  but  the  true  constitution  of  no  one  kind  of  starch  or  sugar  has  so  far  been 
determined. 

The  alcoholic  nature  of  sugar  derives  considerable  support  from  the  researches  of 
Berthelot,  who  has  shown  that  when  fatty  acids  and  various  sorts  of  sugar  are  heated 
together  under  certain  conditions,  water  is  eliminated,  and  saccharides  are  formed 
which  on  boiling  with  dilute  acids  yield  again  sugar  and  £itty  acids. 

Starch  is  known  to  form  a  colligated  acid  with  strong  sulphuric  acid,  and  recently 
Kingzett  and  Hake  have  shown  that  certain  kinds  of  sugar  and  various  benzene  deri- 
vatives may  enter  into  coloured  combinations  under  the  influence  of  strong  sulphuric 
acid — possibly  by  the  abstraction  of  water.  Such  compounds  haye  several  characten 
in  common  with  the  better  known  and  simple  combinations  of  the  alcohols  with  sul- 
phuric acid.    (See  Ethbrs.) 

Preparation. — ^The  method  of  extracting  starch  from  the  amylaceous  parts  of 
plants  consists  in  reducing  the  material  to  pulp,  either  by  grinding  or  raspmg  and 
mixing  with  water,  then  washing  the  pulp  with  a  stream  of  water  so  as  to  float  the 
starch  granules  away  from  the  disintegrated  cellular  tissue. 

The  materials  from  which  starch  is  chiefly  prepared  are  potatoes,  wheat,  rice, 
maise,  and  the  grain  of  other  cereals.  Several  other  varieties  of  starch,  conunonly 
known  as  arrow-root,  are  obtained  from  the  tubers  of  MararUa  arundinaceOy  etc 

Makufacturb  of  Starch  from  Potatoes. — This  includes  the  following  operations : 
Steeping,  washing,  separation  of  stones,  rasping,  straining,  settling,  removal  of  the 
starch,  purification,  second  straining,  washing,  dmining,  and  drying  in  the  air  or  in  a 
oentriftigal  machine,  drying  in  au  oven,  packing. 

Steeping. — ^Potatoes  grown  in  tough  clay  or  loam  are  covered  with  adherent  earth, 
etc.,  which  clings  so  tenaciously  as  not  to  be  remoreil  by  simple  washing.  They  are 
therefore  allowed  to  soak  for  several  hours  in  a  large  vat  contort ning  water. 

Washing, — In  the  washing  an  apparatus  called  the  washing  drum  is  used,  con- 
sisting of  a  hollow  revolving  cvlinder,  the  cas«  of  which  is  formed  of  wood  or  iron 
bands  ^  to  1^  inch  broad,  and  fastened  at  intervals  of  about  }  of  an  inch.  The 
cylinder  is  slightly  inclined,  and  dips  to  half  of  its  diameter  in  water  placed  in  a 
capacious  vat.    It  makes  about  fifteen  revolutions  per  minute,  by  which  meant  the 
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B  kspt  in  contJDaal  motiDn,  rubbing  againut  and  bMDg  rabbed  bj  the  OUB 
lor.  The  henri ST  portion,  the  land  and  unull  aton?!.  siak  to  the  bottom  nnd 
h  the  inteTTals  between  the  bands.  The  potatuei  ace  intioduMd  at  the 
if  the  cjlinder,  and  b^  the  action  of  a  apiral  arrangement  revolrinK  on  its 
nwn  ont  nt  the  oppoiite  eod;  vhere,  foiling  upon  the  edge  of  tbe  rat,  they 
I  eloping  latticed  aurface  to  liie  stone  catcher. 

pmpoKS  H  more  enecgetic  purification  by  the  uie  of  a  lac^  circular  brush, 
olnng  cylimler  also  furnished  vilh  brushes,  the  inttrral  between  the 
sb  and  those  of  cylinder  being  only  sufficient  to  allow  of  the  paBBueo  of  n 
ad  potato.  The  larger  and  Bnuller  potatoee  bping  previouely  BeparHted. 
ashed  in  a  specially  wider  or  narrower  cylinder,  A  sufficient  rigidity  conid 
Iho  brushes  to  remore  ut  the  same  time  the  epidermis  and  tbe  substances 
it,  and  so  obtain  a  miiteriel  free  from  akin.  On  the  other  bend,  the  great 
Mt  of  renewing  the  bruahes  must  be  considered. 

ivit  qf  He  SUntea. — In  the  French  manufactories  this  is  effected  by  tbe 
Cher  of  Jolj  (flg.  63i).     This  apparatus  contisia  of  a  scrai^;yliDdrii;al 


Fio.  684. 


licb,  through  Ihecogwheel,  is  rotated  by  thedriTing 


]gb,  filled  with  water  to  the  level  a  i>  In  the  trongh  is  a  shaft  (c  d)  fnr- 
:  arms  placed  spiral  ly,  which,  through  the  cogwheel,  is  rotated  by  thedriTing 
The  shape  of  ths  r  — - 

rfigt.  essandeae. 

ling  tfarowu  in  «t  i. 
an   one  another  by  the 
'epeatedly  dipped  ii      ' 
lat  the  remainder  o 
dl    stones  and   sai 
'.  and   the  heniieT  par- 
og  to  the  bottom  are  re- 
in lime  to  time  throngh 
The  potatoes  are  carried 
'  the  action  of  the  spiral 
naeh  the  upper  end  of  the  trongh,  over  which  they  fall  into  the  hopper  of 
:  machine. 

ars  to  be  proferablo  to  remove  the  stones  and  the  groaler  part  of  the  sand 
.  washing,  as  is  done  \n  Ihe  Gennnn  factories.  With  this  oiiject  the  rut  in 
wnahing  dmm  ia  placed  ia  separated  into  two  unequal  divisions,  the  larger 
ihing  drum  and  the  smaller  for  the  atone  cntcher.  The  polBtflea  ere  placed 
FT  in  the  smaller  division,  and  are  drawn  forwartl  and  kept  in  incessant 
six  or  eight  large  arms  arranged  spirally  on  a  prolongation  of  the  shaft  of 
g  dmm.  The  potatoes  thus  reach  the  washing  drum  preTioualy  washed 
frmn  stones. 

ich  care  cannot  be  taken  in  ths  complste  rsmoral  of  all  stones,  as  theae  would 
C  iqjimotit  aflbct  upon  tjie  macbinvy  ns«d  in  tlie  snbeoqnent  opentions. 


Fio.  535. 


STAaOH. 

utod  b;  figs.  Q37  And  638,  consUtB  of  k  ejUndtt 
I.  which  are  fut«a«l  b^  irun  lands  &t  intarvila  at 
aliout  ^  nn  inch,  and  pnqaet  nbont 
j^  an  inch  from  tbe  cjlindar.  His 
washed  potatoes  are  passed  into  tlis 
machine  throngh  the  (poat  (b  b),  and 
being  seized  by  the  cjliodeT — making 
800  rerolntions  per  minnta — u« 
pressed  against  the  cuing  encloMng 
It ;  the  teeth  of  the  sav  blades  tear 
throngh  the  potatoes  and  reduce  thun 
to  pnlp,  vhicli  falU  throngh  the  hop- 
per (i). 

The  rasper  has  been  altend  and 
improred  by  Champonnois,  and  in  it< 
medifled  form  yields  a  more  nnifonn 
and  finer  past«.  This  conseqaenUj 
admits  of  a  larger  product  being  ob- 
tained, since  it  is  only  the  starch  from 
the  rails  actually  ruptared  that  can 
be  obttuned,  whilst  all  that  remains 
in  cltHsed  cells  is  lost  to  the  mann- 
foctorer. 


repremnted  by  flga.  I 


Fio.  588. 
0  to  S42,  like  the  other,  coiuists  of  a  cjrlinder 


GhatapaDnois'    nmer,    ^lieh   i 

iDsistsof  a  cylinder  furnisbed  *it 

savblodeaj  but"theewentiat  peculiarity  is,  that  instead  of  the  blades  bmng  od  th 


Fio.  S41. 


Fia.  S42. 


surface  uf  »  tolid  cylindEr,  they  are  arranged  on  ths  inner  surface  of  a  hollow  eyliodet, 
HndinotHui  of  the  cylinder  rasping  sgninst  thepotatuee,  the  potAtoes  are  rubbsd  again* 
tbecylinder.  Tbaaweof  tbpcilinder  isshownin  fig.  640  (*),  with  the  peeoliar  nspra 
inside.  The  nsper  is  so  arranged  that  from  one  to  four  saw  blades  lie  betwnm  this 
steel  bands,  and  between  each  group  is  a  space  through  which  the  Hst«  farmed  ai 
flow.  Id  the  machines  first  constructed  there  was  an  iDterral  of  ^hof  en  inch  betaesn 
each  saw  blsds,  but  in  those  of  recent  construction  there  is  an  interTol  between  cadi 
fonr  saw  blodea  which  is  reduced  to  from  j^th  to  ^th  of  an  inch;  l)yt^i*n">ngM>Nit 
a  finer  paste  is  produced  and  the  proViabtlity  of  clogging  dimihished.  Figs,  fill  uid5t3 
show  [he  arrangement  with  an  inlerral  between  every  blade.  In  the  axis  of  the  nspuc 
cylinder  is  ashaft  (b  b)  making  BOO  to  1,000  reTolutioDs  per  minute,  br  powar  a|?pl>sa 
to  the  wbaeU  (■  a)  and  regulated  by  a  fly  wheel ;  at  the  othsr  and  cj  Uie  ahaft  wilUa 
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be  dram  ia  a  stroag  fork-shaped  bcoop.  Tho  potatoes  falling  through  a  side  opening 
!•  seuad  bj  the  scoop  and  pressed  forcibly  against  the  saw  blades  in  the  cylinder  (c). 
^ftter  bein^  admitted  into  the  interior  is  driven  by  centrifugal  force  against  the  sides 
f  the  cylinder,  and  makes  its  way  through  the  interstices,  carrying  with  it  the  potato 
ASte  formed,  which  passes  away  through  a  pipe  underneath.  The  teeth  of  the  saw 
lades  are  very  short,  projecting  ^th  of  an  inch  from  the  drum.  They  require  reyersing 
vice  a  day,  and  after  two  dayti  use  need  to  be  refiled.  As  much  as  13  tons  of  potatoes 
an  be  rasped  by  tiiis  machine  in  ten  working  hours,  whilst  the  yield  of  starch  from  a 
;iyen  quantity  of  potatoes  is  considerably  increased. 

Straining. — The  paste  thus  obtained  is  a  mixture  of  starch  and  potato  fibre.  To 
eparate  them  the  paste  is  washed  with  water  upon  brass-wire  sieves  of  different 
iegrees  of  fineness,  which  allow  tho  starch  granules  to  pass  through  with  the  liquid, 
jid  retain  the  coarser  portions  of  the  fibre.     The  pulp  is  made  to  pass  over  the  sieves 

7  means  of  an  endless  band,  and  various  arrangements  are  in  use  for  this  purpose. 
As  the  washed  pulp  always  retains  a  portion  of  the  starch,  and  more  in  proportion 

M  the  rasping  is  imperfectly  performed,  different  plans  have  been  proposed  for  its 
eeoTery.  Huck  subjects  the  pulp  to  a  second  rasping,  but  the  benefit  from  this  is 
'er^  doubtfuL  Fiska  passes  the  pulp  between  two  cylinders,  one  revolving  more 
apidly  than  the  other.  The  membranes  of  cells  that  escape  the  action  of  the  grater 
«e  in  this  way  ruptured,  and  as  much  as  3  per  cent  more  starch  is  thus  set  free. 

Settling, — The  starch  liquid  as  it  comes  from  tho  sieves  generally  contains  some 
uid  which  was  not  separated  during  the  washing  of  the  potatoes  and  was  too  fine  to  be 
■etained  by  the  sieves.  It  is  therefore  run  into  a  large  vat  and  vigorously  stirred  so  as 
o  bring  all  the  starch  into  suspension.  Before  tho  st^irch  has  had  time  to  settle,  but 
iter  the  sand  through  its  greater  specific  gravity  has  fallen  to  the  bottom,  the  liquid 

8  mn  off  by  means  of  a  wide  syphon,  or  through  a  cock  placed  near  the  bottom  of 
he  vat,  into  another  capacious  vat,  where  it  is  allowed  to  sUmd  for  four  hours,  by  which 
ime  the  starch  settles  to  the  bottom.  The  supernatant  liquid  containing  the  sap 
jonntituents  of  the  potato  is  then  removed. 

^rificaiion, — The  lower  part  of  the  sediment  deposited  in  tho  vats  consists  of  pure 
taxch,  but  this  is  covered  by  a  greyish  layer  consisting  of  fine  fibres  that  have  passed 
hzongh  the  sioyes.  This  impure  mass  is  scrape<l  off  with  a  special  instrument  and 
mdeiKOes  another  operation  to  riiuove  from  it  tho  stjirch  it  contains. 

The  purified  starch  is  again  suspended  in  water  by  the  action  of  a  stirrer,  then 
iftwpd  throngh  a  silk  or  wire  strainer  (90  meshes  to  the  inch)  and  again  aillowed  to 
sttle.     The  starch  is  then  placed  in  a  slif;htly  sloping  fiat-sided  trough  (figs.  543  and 

,  ABO),  about  22  feet  long,  3  feet  wide.     Below  this  is  a  second  trough  (d  b),  in- 

Fio.  543. 


lliiiBd  In  the  contrary  direction,  and  a  third  (o  f)  inclined  like  the  first.  A  spray  of 
^ter  from  a  very  fine  rose  (s)  controlled  b^  a  cock  (b),  falls  upon  the  starch  which  is 
k)aoed  beneath  it,  and  at  the  same  time  stirred  with  a  spatula.  The  water  gradually 
»Mhes  all  forward  with  it.  but  while  flowing  slowly  along  the  troughs,  the  starch  is 
Imoflited  and  only  the  lighter  fibrous  matter  remains  suspended  and  passes  with 
"^trlittle  starch  through  the  gutter  (  j  j,  fig.  644)  into  the  vats  (h  h'  h").  The  stawh  de- 
mffitediJi  added  to  that  purified  in  the  first  settling  vat  and  is  then  ready  for  draining. 
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The  raridual  washed  pulp  U  genetall;  luad  u  fodder,  tilhefin  the  (nah  ooBditioB, 
wImq  it  haa  h&d  a  portion  i^  ita  valer  nmoTMl  bj  pressure,  or  after  it  has  oodecgini* 
fermentatioD  in  pits.  The  preemre  ii  applied  by  paniug  it  tbrou^h  a  pair  of  CTlindsM 
between  two  endless  bandB  of  dolh.  b;  wbieh  half  (be  wat«r  is  remored.  When  nut 
used  in  the  frsah  state  it  is  stamped  into  pita,  corered  with  straw,  and  then  with  a 
laypr  of  earth.  It  there  andergoes  acetic  fernientBtioii.  li;  which,  howeTer,  iu  fbod 
Tsliu  is  not  dotsrionited.  When  nnng  the  pulp  as  fodder  it  must  be  borne  in  mind 
that  it  consists  almost  eiduaivel;  of  non-nitrogenoaii  materiala,  and  that  it  is  atem- 
sary  to  supplr  Hlbaminoid  constitnents  hj  the  addition  of  oil  cake,  bran,  etc. 

Wben  dnsd  the  pulp  is  easily  ground  t«  powder,  and  in  this  form  is  aometimM 
added  b>  wheaten-floar  in  hread-making.  Bnt  this  can  Msrcely  be  dons  profitsblj,  M 
it  is  very  qaeitionable  whether  csllulose.  which  i>  easily  digested  by  beasts,  is  digastilde 
by  man,  r^pecially  niter  being  dried.  Bat  it  can  bs  used  in  the  place  of  flour  for 
dusting  Che  hearth  of  the  oren  to  prevent  th«  paste  sdhering.  IasUj,  the  pnlp  is 
sleo  oaed  in  the  glucose,  beer  and  brandy  mannfactiLre. 

The  moist  but  drained  palp  contains  abont  12  per  emt.  of  solida,  aboat  7  per 
cent,  of  which  is  starch,  a  pnmirtion  howcTcr  which  is  correspondii^lylesseDedby  the 
Mtangement  for  crasbing  and  good  rasping. 

SeTsrat  othsr  forms  of  appamtna  have 
been  coaitmcled  for  carrying  out  these  ope- 
rations, especially  for  washing  and  straiD- 
iug.  A  longitudinal  aectiun,  of  that  of  Hock 
and  Stoltz,  IS  shown  in  flg,  Slfi.  It  eooDsta 
of  three  cylinders,  the  caie  of  the  first  (a) 
teing  formed  of  a  wire  aievs,  25  msahea  to 
the  inch.  The  paste  from  the  rasper  is  in- 
troduced through  the  funnel  (a).  Within 
this  cylinder  is  another  formed  of  per- 
forated metal  plate  into  which  water  Sowi 
through  the  pipe  (a'),  and  is  distribnted  oni- 
formly  through  the  perforations  upon  the 
potato  pulp  in  a.  Thia  gndoallj  mores 
forward^  and  comee,  after  putting  with 
the  groter  part  of  ita  starch,  into  the 
second  cylinder  (n),  which  ia  covered  with 
sheet  copper.  The  palp  is  here  sntated 
with  a  fresh  Jet  of  water,  coming  throngh 
the  perforated  pipe  (d)  eapplied  from  S", 
and  carried  forwapl  into  the  third  cylinder 
(c)  covered  with  wire  tissue,  SS  meshes  to 
the  inch.  Whilst  in  the  cylinders  the 
paste  undergoes  a  continual  working,  in  A 
and  c  with  bmsbsa  and  in  b  wit^  a  r- 
■haped  iron,  both  fastened  to  (he  sh^ 
(dd'),  which  is  rotated  by  ths  driving- 
wheel  (o)  in  an  opposite  direction  to  the 
cylinder  The  liquid  flowing  from  A  and  C 
collects  in  the  trough  (i)  below  and  ttoia 
thence  runs  iTito  another  sieve  cylinder  (BB^ 
corercd  with  wire  game,  SO  meshes  to  the 
inch  The  fibrous  puip  which  has  passed 
thrangh  the  other  sieves  is  here  retained, 
the  liquid  then  running  off  along  the 
trough  (l)  into  the  settling  rata.  Ths 
coarse  pnlp  is  pnehed  out  of  the  cylindsri 
and  fulls  into  the  receivers  (mO  undsr- 
niHth 


n  order  to  prevent  the  clogging  d  the 
sieves  a  fine  stream  nf  water  is  thrown 
upon  them  durinft  revolution  from  pipes 
running  pnrallel  with  their  axil. 

In  most  manufactories  the  wash  water  is 
allowed  to  flow  into  th''  nearest  ditch  or 
»«tcrcoiirso.  It  contflins  all  the  aoluble 
cone  til  Ufnts  of  the  potato,  including 
nearly  all  the  albumin  and  other  subetAQCM 
that    are   highly    putreecible     and   thsas 
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dbtmmblgconditioiufortliedoTelopiuiintuf  numeraiual^CoeeiUaria,  bcggiotoa, 
OS,  Me.  Theu  iacraaae  so  rapidlj  that  fruqaoatly  in  n  shon  tjme  the  bed  of  the 
raoone  ia  flllod  with  them.  Many  at  tile  iilgw  have  tho  propertj  of  dBCompoaii^ 
lataa  diasolTed  in  the  wHter  «lch  cvoiuiion  of  Bnlphoretted  h;dTogeD,  contami- 
g  tbs  nir  and  rendering  the  mtcr  unfit  fbr  man,  beasts,  or  flahea.  The  wosta 
r  bom  sugar  maDufactories  behaves  nimiUrl;  bnt  id  a  higher  degree.  Manj 
ipta  bare  been  mode  to  remedj  these  incoDTeni antes,  vbicb  give  rise  to  numecooa 
u  agunst  the  mannfactaiera  bv  the  inhabilante  uud  regulations  bj  the  govera- 
Pajen  ncommends  that  the  water  sbontd  be  allowsd  to  clear  is  serenl 
na.  In  the  fint  it  depoeits  principally  starch,  and  in  Che  lattar  alboniinoua 
aooea,  after  which  the  water  itself  mny  lie  used  for  irrigation.  The  deposit  in 
iataint  can  be  used  as  mannie.  The  quactitj  of  manure  which  can  be  tiUliied  in 
nj  dniins  the  operations  of  a  three  moDtba'  seaaan  is  conaidaiable,  and  Ajen 
atsa  that  it  is  obtainable  at  one-fifth  of  ita  market  Talne.  If  there  ie  sufficient 
Id  the  neigh boorhood  of  the  mfinufiictoiy,  n  gjstein  of  direct  irrigation  is  the  best 
impleat  methcxl.  experience  ha\  ing  shi>wii  tliat  the  effiaenC  water  ie  □'  I  injurious. 
I  this  is  not  the  isse,  the  disinfcrtiun  of  the  water  with  a  milk  of  lime  ta  which 
MJam  chloride  has  been  added  is  reconunended,  Partof  the  limoand  magnesinm 
i  with  thediSTerent  oiganic  subataDces  insoluble  aimpounds  which  are  mcehanicallj 
d  down  bj  the  remainder,  so  that  a  compnmtiTely  pure  water  flows  off  from  the 
laUling  buiii, 

MordiDg  to  FesCH,  b  large  proportion  of  thi!  ulbuminous  bodies  can  be  rpcovered 
wed  M  food  for  cattle  by  boiling  the  frrsh  wash  water,  when  the  albumen  is 
lated  and  dsposits  as  a  flarcnlenr  nuiBs, 


r(A,  flg.  548,enlar!>ed)  is 
te  centrifugal  pump  (d)  into 
M  cylinder  (a,  fig.  .5*8),  whtre 
'es  up  by  far  the  greater  part 
I  starch.  The  strained  liijuor 
this  ejlindar  is  not  joined  with 
rum  tlio  other  cylinders,  but  run 
to  the  purification  vessel,     Th<j 


ing  cjlinJer  (c)and  the  uthi 


^oder  (d)  which  contains  but  little  starch  is  carried  by  the  pipe  (n  o*)  back 
iraipar,  WAST*  it  is lutd  forthe first  tbioningof  tho  piist«. 


%.  •540  a  second  workioK  of  tlie  pitlp  if 

The  pulp  thinned  with  water  ItilM  boB 
the  rasper  driyBn  by  tba  wheel  (*) 
into  A  amM  cistfim,  ftvm  which  it  u 
raiwd  by  Ihe  pnmp  (b)  thrtjngh  tlM 
pipit  (n'l  into  tlifl  Biere  and  mixing 
cylindfrs  (n  d'  d").  and  in  tli»  latter 
wuHhed  by  a  etream  of  wat*r  ^n*). 
The  pulp  rej«t«l  fr  "    ~"  '  "    "  '" 


liopp-'i 


aocond  raappr. 


It  is  rubbed  between  two  i^ylinden 
(p)  rutating  in  differsnt  dinictioaa. 
It  then  flows  into  the  aiere  (o), 
where  it  meets  with  mora  water 
from  a"  and  a",  and  being  washed 
fulls  intn  II  trough,  along  which  i(  ii 
jmolied  by  an  ardiimedoan  screw. 
The  stArch  liquid  from  D  falls  into 
the  trough  (e).  that  from  a  into  ■*, 
and  both  united  flow  into  tba  flnt 
purifiiT  (k  l)  ;  the  purified  product 
flow*  through  the  trough(i)  iDtothe 
cietern  (x),  from  whence  it  ia  raiaad 
I J  the  pump  (n)  to  the  eeoond  pari- 
Jli.'ation  appnmtuafi)},  where  the  la« 
p  rtions  ot  fibre  are  left,  and  lb» 
liquid  pASEos  through  the  trou^ 
(pp)  to  the  uttliag  rats  or  tbe  in 
clinrd  plane  by  which  in  the  largrr 
facloneH  the  settling  Tata  are  now 
completely    aupplanted 


n  the 


a  BbU 


ited  by  the  potato  ntp  it  a 
aaviHaiiie  again  Is  waah  it  with 
W1UC  in  tho  fleltling  Tata  Whm 
Ihe  inclined  plane  has  been  D*ed 
this  1  lat  punficntian  i>  much  vum 
ras(  tho  greattr  pirt  of  tho  impntilj 
hjiMng  betn  already  aeparated. 

£hyiitq—The  starch  11  left 
ixthmJ  iQ  the  settling  Tttji  as  a  tot 
thick  paste  from  which  the  water  it 
nnioTod    Jiy  centrifugal  action,   by 

In  drying  starch  by  centrifugal 
lution  tbe  sums  apparatus  is  uwd 
ai  in  drnininc  the  synip  from  th* 
nw  sugar  crystals  in  tho  sugar 
inimufacture  (see  SuaAft)  It  needi 
now  'inly  to  lip  mentiODod  ibst  1I 
consihts  of  a  shallow  Cylindrical 
drum  the  1  u-v  of  which  ia  madeof 
wire  EHuie  The  drum  being  yrtj 
mpidly  rotated  the  water  la  (breed 
oot  by  rBiitnfugnl  forio  whilst  the 
ataich  is  retained  bv  tho  wiro  giiure  lln  btatch  ss  it  comiii  from  the  settling  rata 
or  tho  inclined  plane  is  unfitli"!  fir  tho  centrifugal  machine  lieing  too  thick  to 
become  so  equally  distnbutcil  as  is  ne<i.><4ir;  to  tho  proper  working  of  the  machine 
It  is  therefore  stirred  with  aufflcient  water  to  bring  It  to  the  CODdition  of  a  liqnid 
puts  that  will  flow  into  the  apparatus  while  it  is  in  motion,  when  it  w  II 
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Hnog  H^iDBt  the  eircnmforencc,  the  w.'Ltar  flius  off,  nnd  thu  (torch  lies  u  ii  compact 
roadd  uiLke  npou  the  case  of  tbs  cjlindei'. 

A  trail  process  of  puriflcation  ma;  e&iiily  be  combined  iriLh  the  me  of  the  ceatri- 
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fbgal  machina.  The  deasest  nnd  moet  htMry  portion  is  drivee  iilf  most  ntpidlj  mid 
furthest  by  the  centriFugal  force,  the  lighter  portion  lesa  mpidly;  the  largeiit  Hod 
purest  STBDulea  therefore  lie  cloeest  to  the  eieyt.  The  fibroas  portion  renuina  loui^cor 
Biupended.  asd  is  at  length  deposited  bs  a  layer  npou  the  sorfiice  of  the  pore  stAcch, 
from  which  it  is  msilj  removed,  A  suilable  purifying  centrifugal  machine  has  been 
n>netract«d  by  Tcacn  of  Berlin. 

For  different  purposes,  such  aa  the  mannfactnre  of  dextrin  and  Btorch  migar,  the 
starch  aa  it  comce  from  the  centrifugal  modiine  is  perfectly  nitable.  It  contaioH 
36  to  40  per  cent,  of  wnt^'r,  and  is  known  in  commerce  as  green  starch. 

Where  a  centrifugiil  machinB  is  not  oscd  the  miter  is  rsmOTed  as  much  as  possible 
from  the  starch  before  proceeding  with  the  drpng.  The  paste  is  therefore  laid  in 
shallow  receptacles  mode  of  clean  smooth  slute  slalis,  then  covered  with  cleeu  linen 
cloths,  and  on  the  top  are  Inid  dried  porous  stones.  The  stones  absorb  I  he  moisture, 
ftnd  afUr  a  short  time  green  starch  remains.  This  is  next  removed  to  the  drying 
floor,  where  it  remains  freely  eipoeeil  to  the  nir  until  sufBdently  dried.  l>uring  this 
time,  which  varies  in  length  with  the  period  of  the  year,  tJie  starch  is  exposed  to  many 
accidents,  espeidallj  to  becoming  dusty.  Thin  should  lie  considered  in  thi<  construction 
of  the  d^ng  floor,  which  should  he  ns  far  removed  an  possible  fmni  dusty  pkces. 
Another  disadvantage  is  the  freezing  of  the  moist  starch,  as  past*  made  from  OQCO 
frozen  starch  is,  in  the  opinion  of  ''xperts,  dcSi'ienc  in  cohesive  power. 

Both  these  defects  may  be  nvoided  by  drying  the  starcli  in  ovens.  According  to 
this  method,  a  current  of  warm  air  in  circulated  thrt>iigh  closed  chambers,  and  a 
methodical  evaporation  of  the  water  is  th&s  effected,  'i'he  temperature  is  so  rcgnlnted 
that  the  greon  starch  is  heated  to  60°,  not  too  rapidly  or  beyond,  otherwise  the  starch 
■wells  anil  becomes  pasty  ;  but  when  tlie  greater  part  of  the  wat«r  has  been  removed, 
the  temperature  can  be  mieed  considerabty. 

Dunng  the  drying  of  potato  starch,  tlie  larger  proportiiin  of  it  emmbles  sponta- 
neously to  powder  ;  diffonnj  in  this  renpect  from  wheat  starch,  the  granoles  of  which 
remain  pressed  together.  The  powder  is  siflcd,  the  retained  firmer  granules  in>>Bed 
under  a  roller,  and  the  whole  then  well  mixed.  The  dried  stnich  is  now  ready,  and 
is  packed  in  psper-lined  vessels  and  sent  to  market. 

HufCFtCTCBK  OF  Whiut  StarC!!. — The  pFiiCosB  of  obtarniiiff  starch  &Oin  wheat 
it  somewhat  different  from  that  )iofore  described  for  its  mnnuf^cture  from  potatoes. 
Whilst  the  potatoes  are  ouly  treated  su  as  to  ruptnre  the  icp»r»te  ceils  in  order  tbnC 
the  starch  !<tored  ap  in  the  8»p  may  bo  wushed  out,  in  the  case  of  wheat  a  sroaration 
has  to  lie  effected  of  the  starch  from  tlie  surrounding  gluten  and  the  removal  of  the 
busk  and  remaining  constituents  of  the  grain.  This  can  be  ivirried  out  by  two  ea«n- 
tially  different  methods. 

Sd2 
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(1.)  Bj  Btillnng  Uie  plastic  property  of  the  glat«n,  vhich  allows  the  starch  to  bo 

washad  out  from  tbs  dough,  tho  pure  gluMD  remaining. 

(3.)  By  doetroying  ths  gluten  through  n  process  of  fermentation  and  decay,  bj 
which  a  part  is  rendued  sululile  and  a  putt  Idhcs  iu  mbereni^e.  and  cao  then  b«  sepa- 
rated from  the  unaltorod  stnroh. 

The  latter  method  has  Ion);  biien  useil,  and  at  the  present  dny  it  is  met  witli  in  by 
far  the  greater  number  of  miinufiiclorieB.  But  it  has  many  inamctniancea:  a  latga 
quBDtJty  of  gluten,  vhith  cuuM  l^u  used  as  foddvror  iia  buniau  to kI,  is  lost ;  the  yield 
of  Htarch  does  not  correspond  Ui  ihe  amount  in  tlie  grain  :  the  waste  dischu^  &om 
the  manufactory,  laden  with  putntfying  and  fermenting  miiterial,  is  dangenina  to  th* 
healtb  of  the  neiglibcu'hood,  spoiling  thu  walvr  in  the  slreains  inl»  whii^h  it  flowf 
and  difiiuing  a  most  disgusting  bmell. 

I'Tolactioaaf  Slarrh  aad  Gluten  /mm  Wheat  ^Your.— According  to  tliis  method, 
introduced  by  Martin,  a  dough  is  first  prt-patuil,  exactly  lis  for  bread  making,  100 
parts  of  flour  and  4ii  to  30  parts  of  water  being  miied  together.  The  dougb  is 
kneaded,  either  Iiy  band  lubour  or  in  a  ninvliino.  until  perfectly  unifnmi,  and  then,  in 
order  to  allow  the  dough  to  become  ^tumted  with  moistorfl  before  waabiti^,  it  is 
allowed  to  stand  in  tummrr  25  micntes  and  in  winter  one  hour. 

For  ihe  washing  out  of  the  starch  a  semi -cylindrical  trough  is  used,  at  different 
parts  of  the  circumference  of  which  are  slits  covered  with  wire-gauze,  to  allow  of  tha 
diechargo  of  the  water  holding  the  stnrch  in  suspension.  At  the  bottom  of  the  tiou^ 
is  a  slightly  channelled  cylinder,  to  which  a  mechanical  arrargement  impaits  a 
swinging  motion  to  and  fro.  The  dough,  formed  into  small  balls,  is  placed  in  thr 
trougb,  and  whilst  a  fine  jet  of  water  playa  upon  it  inceeaantly  from  a  water  ppe,itia 
continually  moved  to  and  fro  by  tho  cylinder.  The  starch  is  thus  washed  free,  and 
flows  together  with  tho  wnter  through  the  openings  covoi'ed  with  wire  to  the  recaiTerj 
whilst  the  gluten  gradually  becoming  more  compacted  togetber,  is  left  finally  as  a 
tenacious  elastic  mass,  po.>«^tsajng  the  characteristic  properties  of  that  subiitance- 
In  such  au  apparatus,  wiiti  a  Lruiigh  6]  feet  long  and  1  ^t  wide,  the  dough  from 
2cwt.  of  flour  can  bo  worked  hourly  with  an  eipenditurs  of  about  lOKgallons  of  water. 

In  apparnlus  of  mor<'  recent  omstmction  two  washing  troughs  are  placed  next  to 
eacb  oUier,  the  vorkinp:  power  U-ing  tb'iH  •IhuIiIh].     Hg.  SSI  shows  a  section  of  the 


appamtn* ;  flg.  662  gives  a  view  from  above ;  and  flg.  SS3  an  end  view.  The  leUni 
designate  the  same  parU  in  each.  F^are  the  wooden  troughs.  In  flg  6MBtCM 
shown  one  of  the  openings  covered  with  wire-gauie.     The  longer  sides  are  prorided 

with  two  wide  gntlera  (d  d),  in  which,  by  moans  of  a  movable  ootflow  s 
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the  liquid  is  so  retained  that  in  both  the  gntters  and  the  trough  it  reaches  to  half  the 
height  of  the  wire-gauze,  the  excess  of  starch-laden  water  flowing  off,  through  a  pipe 

(d,  fig.  661)  that  can  be  raised  or  lowered  at  ^      ^. 

pleasure,  into  the  receiver  (a).    Over  the  par-         ^^^^^^Jj^ajfeAjIk     ' 
tition  common  to  the  two  troughs  is  placea  an  tK^^IS^Sl^SVII^^^'W^ 

arched  plate  for  the  purpose  of  breaking  the  l^BIIBHpTB^i^lElll^ 

waves  of  the  liquor  when  set  in  motion  and  pre-    ^^^BK^^^^^S^^^t^^^ 
veutiDg  it  from  running  from  one  trough  into       ^^^j^^B"^      ^^Si^H^Bf^ 

the  other,     a  a'  are  two  iron  shafts  resting  in  M ^ 

sockets  on  the  sides  of  the  trough.    At  each  M  ^  M 

end  of  these  shafts  are  iron  arms  having  forked  a^^t^^m^^^^^^^^^ 

extremities  which  span  the  ends  of  the  corru-  MtllllfSflSfSl!!^^ 

gated  wooden  cylinders  (b  b'),  so  that  the  latter         " ''  ™ 

can  turn  freely  in  the  fork.    By  means  of  the  Fig.  553. 

handles  {a  a)  connected  with  the  shaft  (a  a') 

an  oscillatoiy  movement  is  imparted  to  the  cylinders  (bb')  at  the  bottom  of  the 
trough.  At  first  the  turning  of  the  handle  requires  the  exercise  of  considerable  force, 
but  after  about  ten  minutes  the  volume  of  the  dough  is  much  reduced,  and  the  work 
becomes  lighter.  The  water  is  brought  to  both  troughs  through  copper  pipes  pierced 
with  fine  holes,  through  which  it  falls  during  the  whole  operation  in  fine  jets  upon  the 
moving  dough  underneath. 

The  operation  with  this  apparatus  is  carried  out  in  the  following  manner.  A 
sack  of  fiour  is  made  into  dough  Tvith  about  half  its  weight  of  water,  which  requires 
in  summer  20  to  30  minutes  or  in  winter  an  hour.  This  dongh  is  worked  into  balls 
of  about  two  pounds  in  weight,  and  distributed  equally  in  both  troughs,  where  being 
partly  covered  with  water  it  is  rolled  to  and  fro  by  the  cylinders.  If  the  dough 
beoomes  adherent  in  larger  lumps,  it  is  at  once  again  divided  up  by  the  workman  in 
charge.  Care  has  also  to  be  taken  that  the  wire-gauze  does  pot  become  stopped  up  by 
small  pieces  of  gluten ;  this  is  prevented  by  applying  with  one  hand  a  brush  to  the 
outside  whilst  the  portions  of  gluten  are  removed  from  the  inside  by  the  other.  The 
washing  of  the  dough  lasts  about  an  hour,  after  which  time  the  water  scarcely 
carries  off  anv  more  starch.  The  outlet  pipe  (d)  is  then  entirely  withdrawn  from  the 
gutter  (d),  which  allows  the  fiuid  contents  of  the  gutter  and  trough  to  fiow  away  into 
the  receiver  (o).  The  gluten  which  is  left  behind  is  freed  from  excess  of  water  by 
five  minutes'  kneading  and  removed,  and  the  apparatus  is  then  ready  for  a  fresh 
operation. 

On  the  average  there  is  obtained  from  a  sack  of  flour  about  110  lbs.  of  moist  gluten 
and  a  liquid  containing  equal  to  about  220  lbs.  of  dry  starch.  The  mos^  suitable  kinds 
of  wheat  for  this  method  of  manu&cturo  are  the  half -soft  wheats  ;  neither  from  the 
hard  homy  nor  from  the  soft  mealy  wheats  is  the  production  of  starch  and  gluten  to 
be  effected  with  equal  results. 

M&rtin's  method  also  allows  of  the  use  of  bruised  wheat.  The  operation  is  exactly 
the  same  as  just  described ;  though  the  products  differ  in  so  far  that,  with  a  pure 
starch,  there  is  obtained  a  gluten  mixed  with  corn  husks,  wliich  cannot  be  used  for 
human  food,  though  suitable  for  fodder. 

The  purification  of  the  starch  is  essentially  the  same  as  described  under  Potato 
Starch.  Upon  running  off  from  the  trough  the  liquor  first  passes  through  a  fine  wire 
sieve,  100  meshes  to  the  inch,  which  retains  some  membrane  and  small  particles  of 
gluten  carried  off  by  the  water.  From  the  first  receiver  the  liquor  is  raised  by  a 
pump  to  a  higher  reservoir,  from  which  it  fiows  on  to  the  inclined  surfaces  de- 
scribed. The  pure  starch  is  deposited  and  soon  forms  a  thick  uniform  layer,  whilst 
the  lighter  and  im{>ure  portion  is  carried  forward  to  the  end  of  the  inclined  surface, 
and  finally  collects  in  the  reservoir  underneath.  There  it  is  allowed  to  remain  at 
rest  for  twenty-four  hours,  during  which  the  starch  settles  at  the  bottom  and  the 
liquor  becomes  clear.  This  liquor  contains  more  or  less  albuminous  matter,  dextrin, 
^rape  sugar,  and  salts,  and  can  be  used  either  as  a  drink  for  cattle  and  horses,  or  in 
the  preparation  of  beer  or  brandy.  After  the  separation  of  the  clear  liquor  the 
impure  starch  obtained  is  subjected  to  a  further  purification  by  stirring  it  with  water, 
passing  it  through  a  fine  sieve,  and  then  running  it  in  a  very  thin  layer  upon  the  in- 
clined surface.  Pure  starch  is  again  deposited,  whilst  from  the  water  fiowing  off  there 
is  a  further  settlement  after  standing  forty-eight  hours  of  a  small  quantity  of  very 
inferior  starch,  which  is  drained  in  a  linen  filter,  pressed  and  dried. 

By  a  still  more  recent  method  of  Martin's,  the  impure  starch  can  be  readily  freed 
f^m  foreign  admixture  and  a  better  product  obtained  than  is  possible  through  simple 
washing.  It  consists  in  treating  the  starch,  after  the  first  deposit  has  been  collected 
upiju  the  inclined  sur&ce,  not  simply  with  water,  but  also  with  a  weak  solution  of 
caustic  soda,  by  which  the  gluten  is  dissolved  before  th«>  starch  is  attacked.    After  the 
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settling  And  remoTal  of  the  supernatant  liquor,  the  deposit  is  stined  with  vater  and 
Bolution  of  caustic  soda,  specific  gravity  1*013,  added  until  the  liquor  blues  red  litmus 
paper.  The  liquor  is  allowed  to  act  for  two  hours ;  then  a  considerable  quantity  of 
water  is  added,  and  the  whole  is  thrown  on  a  No.  200  sieve,  which  retains  Uie  swollen 
gluten  and  allows  the  starch  to  pass  through.  After  standing  a  short  time,  during 
which  a  small  quantity  of  sand  settles,  the  starch  milk  is  poured  on  to  the  inclined 
sur&ce.  Almost  the  whole  of  the  starch  is  thus  obtained  as  first  product,  whilst  with 
simple  washing  about  25  per  cent,  is  produced  in  an  impure  unmarketable  form. 

The  pure  starch  deposited  upon  the  inclined  surface  is  once  more  stirred  up  with 
water,  then  passed  through  a  fine  sieve,  and  allowed  to  settle  during  twenty-four 
hours.  After  the  removal  of  the  supernatant  liquor,  some  impurities  are  found  in 
the  top  layer,  which  is  removed  and  submitted  to  further  operations. 

Tn  order  to  dry  the  starch  it  is  first  spread  out  evenly  in  a  fiat  stone  receptacle, 
covered  with  clean  linen  cloths,  and  overlaid  with  some  porous  material  that  will 
absorb  moisture,  such  as  burnt  porous  limestone,  gypsum,  purified  ashes,  etc.  After 
a  short  time  the  starch  loses  so  much  water,  that  it  can  be  cut  up  in  the  form  of  large 
blocks  as  green  starch.  These  blocks  are  then  dried  upon  hollow  stands,  situated  in 
airy  places.  As  the  water  evaporates  from  the  sur&ce  of  the  mass,  moisture  is  drawn 
from  the  interior,  carrying  with  it  a  small  quantity  of  impurities  still  present,  and  a 
fungoid  g^wth  commonly  takes  place  on  the  yet  moist  surface,  which  causes  the 
appearance  of  yellow  spots.  The  impurities  and  vegetation  give  to  the  cake  an 
unseemly  appearance ;  as  soon  therefore  as  the  drying  is  so  &r  advanced  that  no 
fbrther  development  of  vegetable  organisms  is  possible,  the  outer  surface  is  carefully 
scraped  off  with  a  knife.    This  refuse  is  known  as  starch  scrapings. 

The  purified  cakes  are  broken  up  into  smaller  pieces,  Schafchen,  and  perfectly 
dried,  in  summer  in  the  open  air,  and  in  winter  in  heated  rooms. 

Wheaten  starch  differs  essentially  in  its  appearance  from  potato  starch.  Whilst 
the  latter,  upon  drying,  crumbles  more  or  less  into  a  fine  powder,  the  granules  of 
wheaten  starch  lie  dose  together  and  assume  a  rod-like  structure,  so  that  a  broken 
cake  or  the  sur&co  of  a  mass  appears  to  consist  of  prisms  lying  nearly  regularly  one 
upon  another. 

Production  of  Starch  by  Decomposition  rf  the  Gluten. — In  this  process  either  whole 
or  crushed  grain  is  used,  but  whole  com  is  most  frequently  used.  The  wheat  is 
placed  with  water  in  a  jarge  receptee,  and  left,  in  contact  for  about  three  days,  or 
until  it  has  become  so  uniformly  penetrated  by  moisture  and  softened  that,  bj 
moderate  pressure  between  the  fingers,  the  outer  husk  separates  from  the  grain  and 
the  latter  is  crushed  into  a  milky  mealy  mass.  It  is  very  advantageous  to  the  quality 
of  the  product  if  a  washing  of  the  grain  is  effected,  together  with  the  soaking,  in  order 
to  remove  dust  and  adhering  impurities.  This  can  be  done  by  changing  the  water 
every  twenty-four  hours  until  it  remains  clear  and  colourless. 

The  swelled  com  is  crushed  either  between  two  wooden  cylinders  revolving  in 
opposite  directions  and  fe<l  through  a  hopper,  or  by  one  or  two  cylinders  revolving 
upon  a  horizontal  stone  having  a  rim.  The  husks  of  the  softened  com  are  thus  easilj 
separated. 

After  the  crushing  follows  the  fermentation.  This  is  effected  in  large  stone 
vessels,  into  which  the  swelled  com  is  passed  direct  from  the  crashing  mill,  and  then 
stirred  up  with  some  water.  In  order  to  induce  the  fermentation,  some  liquor,  or 
sour  water,  derived  from  a  previous  operation  is  added.  During  this  fermentation 
various  processes  go  on  simultaneously.  A  consbmt  evolution  of  gas  takes  place, 
resulting  from  alcoholic  fermentation ;  the  alcohol  formed  is  converted  by  f^uther 
fermentation  into  vinegar ;  besides  these;  lactic  fermentation  takes  place,  and  other 
fermentations  the  products  of  which  have  not  yet  been  studied.  Actual  putrefisction, 
understanding  by  tnis  term  the  fermentative  processes  which  evolve  stinking  gases, 
must  be  avoided ;  the  fermenting  mass  should  always  have  an  agreeable  vinous  smell. 
The  duration  of  the  fermentative  process  differs  with  the  temperature  of  the  surround- 
ing atmosphere ;  usually  it  has  progressed  sufficiently  in  three  or  four  weeks.  The 
liquor  in  which  the  pulpy  mass  is  contained,  the  sour  water,  has  then  acquired  a  li^t 
yellow  colour,  and  has  a  peculiar  sticky  feeling,  the  starch  separates  readily  from  the 
husk,  whilst  part  of  the  gluten  is  dissolved  and  the  other  part  is  softened,  and  has 
completely  lost  its  adherent  elastic  properties. 

The  separation  of  the  starch  from  the  fermented  mass  takes  place  in  the  wash  ins 
wheel  or  washing  drum.  This  consists  of  a  shallow  cylinder,  which  is  rotated 
vertically  by  a  shaft  passing  through  it.  The  surface  of  the  cylinder  is  either  made 
of  wooden  staves  pierced  with  fine  holes  or  from  perforated  slieet  copper.  At  the 
extremities  are  strong  wooden  covers,  having  an  opening  that  can  be  dosed,  for  the 
purpose  of  filling  and  emptying  the  cylinder.  On  one  side  water  flows  in  throi^  a 
pipe  opening  in  the  shaft     The  lower  half  of  the  whed  is  surrounded  by  a  wooden 
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vessel,  in  which  the  esoapiog  starch  milk  is  collected,  and  from  which  it  passes  into 
the  clearing  vesseL  The  fermented  mass  is  introduced  into  the  washing  wheel,  which 
is  slowly  set  in  motion  by  the  continual  flow  of  water ;  the  starch  is  thus  washed  out, 
and  separated  from  the  residue  containing  more  or  less  gluten  that  is  left  in  the  wheel. 
The  operation  is  ended  when  the  escaping  water  no  longer  has  a  milky  appearance. 

The  further  purification  of  the  starch  is  essentially  the  same  as  that  described  for 
potato  starch.  After  passing  through  a  fine  sieve,  it  is  run  into  the  clearing  vessel, 
where  the  pure  starch  is  deposited  at  the  bottom,  the  slimy  or  glutinous  starch  forms 
a  layer  upon  it,  and  the  dilute  sour  water  becomes  gradually  clear.  The  sour  water 
is  then  drawn  off  through  taps,  and  the  impure  starch  which  contains  particles  of 
gluten,  and  of  the  finer  membranes  of  the  grain,  embryo,  etc.,  is  purified  by  stirring 
with  water,  straining  and  passing  over  the  inclined  surface.  The  purer  starch,  after 
removal  of  the  impure  layer,  is  further  purified  by  submitting  it  several  times  to 
stirring  with  water  and  settling. 

According  to  Payon,  the  Rtareh  manufacture  in  Alsace  is  carried  on  in  a  similar 
way,  but  without  the  fermentation,  the  swelled  com  being  crushHi,  and  the  starch 
immediately  washed  out  with  water.  The  starch  milk  so  obtained  is  strained  with 
difficulty,  in  consequence  of  the  relatively  large  quantity  of  unaltered  gluten  mixed 
with  it ;  the  further  purification  is  effected  by  settling,  and  the  inclined  surface.  It 
is  difficult  by  this  method  to  carry  out  the  purification  perfectly,  and  the  yield  of 
starch  of  the  first  quality  is  small,  whilst  about  one  third  of  the  whole  product  is 
alxnoet  worthless. 

Yield  of  Starch. — The  following  yield  of  starch  is  obtained  by  the  respeetive 
prooesses  from  100  parts  of  wheat  of  equal  quality,  used  either  whole  or  crushed : — 

By  the  Fermentation  Process :  42  parts  of  the  finest  starch,  and  6  to  8  parts  of 
second  product ;  the  gre^iter  part  of  the  gluten  is  lost. 

By  the  Alsace  Method :  34  parts  of  fine  starch  and  18  parts  of  second  product  of 
little  value  ;  the  greater  part  of  the  gluten  is  lost ;  the  husks,  not  being  altered  by 
fermentation,  are  of  more  value  as  fodder  than  the  fermented,  and  about  45  parts  are 
obtained  in  the  moist  condition. 

By  Martin's  Method :  52  parts  of  fine  starch,  6  parts  of  second  product^  and 
residue,  which  contains  the  whole  of  the  gluten,  husk,  etc.,  and  forms  a  veiy  nourishing 
fodder. 

Martin's  method  is  therefore  distinguished  as  well  by  the  yield  of  valuable  product 
as  by  the  complete  utilisation  uf  the  remaining  constituents  of  the  corn.  By  carrying 
on  the  manufricture  in  connection  with  agriculture,  it  is  possible  to  sell  only  the  starch 
of  the  harvested  corn,  and  to  retain  the  remaining  constituents  on  the  farm. 

Makxtpactukb  of  Stabch  from  Beans. — In  preparing  starch  from  this  material  the 
beans  are  soaked  during  24  to  30  hours  in  water,  and  then  crushed  between  cylinders 
under  a  flow  of  water.  The  crushed  mass  is  washed  in  a  cylindrical  sieve,  such  as  is 
figured  on  p.  768,  the  starch  being  carried  through  with  the  water  and  the  husks  re- 
maining. The  starch  milk  is  poured  upon  the  inclined  surface,  where  the  larger  starch 
granules  form  a  layer,  whilst  the  smaller,  together  with  other  matters  suspended  in 
the  liquor,  are  deposited  in  largo  clearing  vessels.  This  deposit  is  rich  in  nitrogenous 
food  material  and  the  whole  of  the  finest  starch  granules.  After  the  separation  of  the 
water  it  can  be  made  into  fodder  with  the  husks  retained  in  tlio  cylindrical  sieve;  or, 
with  very  careful  treatment,  this  substance  can  be  use<l  for  human  food.  Separation 
of  the  albuminous  matters  by  means  of  an  alkaline  solution  is  not  in  this  case  possible, 
as  bnau  starch  has  the  property  of  swelling  when  in  contact  with  very  dilute  alkaline 
solutions ;  a  solution  of  soda,  which  would  not  act^  upon  wheaten  starch,  converts  the 
bean  starch  into  a  paste. 

Bean  starch  is  distinguished  from  wheaten  stiirrh  by  its  greater  capability  of  form- 
ing a  paste,  the  same  effect  being  obtained  with  two  parts  of  bean  starch  as  with  three 
of  wheaten  starch.  Linon  starched  with  bean  starch  remains  pliable,  and  has  not  the 
stiffhess  of  that  treated  with  wheaten  starch. 

Manufactubb  op  Starch  from  Maizb. — The  grain  of  maize  is  rich  in  starch  and 
generally  richer  than  wheat.  It  differs  from  wheat  grain  in  the  individual  cells  being 
denser  and  harder.  In  order  to  obtain  the  starch,  therefore,  the  grain,  whole  or 
crushed,  must  undergo  a  prolonged  swelling  in  water.  The  manufacture  is  then 
essentially  the  same  as  that  of  bean  starch.  After  washing  in  the  cylindrical  sieve 
the  milk  is  run  on  to  the  inclined  surface,  and  the  matter  suspended  in  the  wator  is 
purified  by  repeated  settlings  and  strainings. 

Manufacture  of  Starch  from  Kick.-  -The  preparation  of  starch  from  rice  is  carried 
on  principally  in  English  manufactories.  The  product  is  much  esteemed  by  laimdresses, 
and  preferred  to  wheaten  st^ircii.  No  other  raw  material  is  so  rich  in  starch  as  rica ; 
but  the  cells  and  the  starch  granules  contained  in  them  are  so  closely  cementad 
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together  that  their  sepamtion  cannot  be  effected  by  a  simple  washing  and  crashing, 
and  an  alkaline  solution  is  always  used.  The  rice  is  allowed  to  stand  in  a  ^  per  cent. 
solution  of  caustic  soda  until  it  is  perfectly  softened.  The  liquor  is  then  drawn  off 
and  the  softened  rice  crushed,  and  afterwards  stirred  during  24  hours  in  fresh  alkaline 
solution  of  similar  strength.  By  this  means  the  other  substances  are  sufficiently 
swelled  to  allow  of  the  starch  being  washed  out,  which  is  effected  in  the  cylindrieal 
sieve.  The  starch  milk  generally  contains  granules  still  cemented  together,  and  in 
ocder  to  remove  these  the  liquor  is  allowed  to  stand  a  short  time  unt^  the  heavier 
particles  have  sunk  to  the  bottom,  whilst  the  lighter  particles  still  remain  suspended 
m  the  water.  The  milk  is  then  passed  on  to  the  inclined  surfiEuse,  and  the  larger  par- 
ticles are  again  treated  with  soda  solution. 

Vses. — The  best  kinds  of  potato  starch  are  used  in  the  sizing  of  paper,  especially 
those  of  finer  qualities,  the  preparation  of  white  glucose  syrups,  the  dressing  of  fine 
fabrics,  the  manufacture  of  white  dextrin,  and  in  the  preparation  of  light  pastry.  The 
inferior  kinds  are  used  for  similar  purposes,  but  in  cases  where  the  quality  is  not  of  so 
much  importance,  such  as  the  dressing  of  cloth,  the  thickening  of  mordants  and  colours 
in  calico  printing,  the  manu&cture  of  vermicelli,  as  a  low  priced  addition  to  bread,  in 
the  imitation  of  tapioca,  sago,  etc.  Starch  has  also  formed  a  very  important  applica- 
tion in  the  dusting  of  moulds  in  metal  foundries.  Formerly  powdered  charcoal  ex- 
clusively was  used  for  that  purpose ;  but  it  was  very  prejudicial  to  the  health  of  the 
workmen,  the  fine  splinters  of  which  charcoal  consists  acting  injuriously  upon  the 
respiratory  organs.  The  relative  softness  of  starch,  the  roundness  of  its  granules, 
ana  the  r^diness  with  which  it  is  acted  upou  by  different  liquids  in  the  human  body 
render  it  free  from  these  hurtful  properties.  It  was  introducisd  into  the  metal  industry 
by  Bony,  the  merit  of  the  inventor  being  recognised  by  the  Academy  of  Sciences  in  the 
award  of  the  Montyon  prize. 

Potato  starch  has  the  disadvantage  compared  with  other  starches  of  poesessing  a 
peculiar  smell  and  taste  which  is  due  to  the  presence  of  a  volatile  oil.  TloB  smell 
and  taste  are  to  many  persons  not  perceptible,  but  to  others  they  are  so  objectionable 
as  to  render  food  prepared  from  such  starch  unpalatable.  According  to  Sfartin,  this 
oil  can  be  separated  by  first  treating  the  starch  with  a  solution  of  2  parts  of  sodium 
carbonate  in  100  parts  of  water,  and  then  washing  it  perfectly  with  water. 

BREAD  AND  FLOUR. 

The  origin  of  the  arc  of  bread  making  may  be  said  to  be  hidden  in  the  mists  of 
antiquity,  for  although  bread  is  not  the  form  of  food  that  might  be  supposed  to  have 
presented  itself  most  obviously  to  the  human  race,  it  may  be  inferred  that  some  one 
or  more  varieties  of  it  were  in  use  by  all  the  races  of  men  referred  to  in  the  earliest 
records  extant.  It  appears  probable  that  the  first  approach  to  bread  making  was 
made  by  steeping  grain  of  some  kind  in  water,  pressing  it  and  then  drying  the  mass 
by  natural  or  artificial  heat.  Indeed,  Pliny  asserts  that  the  art  of  making  cakes  was 
not  known  until  long  after  the  process  of  reducing  grain  to  flour  had  been  discovered. 
He  also  alleges  that  barley  was  the  only  grain  at  first  used  for  food ;  but  Herodotus, 
on  the  other  hand,  says  that  the  Egyptians  ate  neither  barley  nor  wheat,  but  a 
peculiar  kind  of  com.  Although  this  point  cannot  now  be  decided,  there  is  little 
doubt  that  all  the  earlier  forms  of  bread  were  unleavened,  and  that  the  cakes  of  the 
patriarch  Abraham  bore  a  considerable  resemblance  to  the  damper  of  the  modem 
Australian  settler,  the  com  bread  of  North  America,  or  even  to  the  oatmeal  bannocks 
and  the  scones  of  Scotland.  This  view  is  confirmed  by  illustrations  on  early  Eg^ttiin 
monuments,  where  the  loaves  depicted  are  of  the  sbipe  of  modem  biscuits  a^  nave 
evidently  not  undergone  fermentation. 

It  would  appear,  however,  that  by  the  time  of  the  exodus,  the  preparation  of  un- 
leavened bread  in  Egypt  had  become  sufficiently  common  to  need  special  instructions 
to  be  given  for  the  preparation  of  this  article  of  food.  Indeed  the  practice  of  the  art  of 
baking,  as  a  distinct  calling,  appears  to  have  been  carried  on  by  the  Jews  and  two  or 
three  neighbouring  nations,  the  Phcenicians,  Cappadocians,  and  Lydians,  long  befoie 
it  was  introduced  into  Europe.  The  Greeks  then  became  also  expert  in  the  art,  and 
after  the  conquest  of  Macedonia,  some  of  the  Greek  artizetns  being  carried  to  Rome, 
the  trade  grew  into  such  favour  there,  that  in  the  time  of  Augustus,  there  were  up- 
wards of  three  hundred  public  bakehouses  in  that  city,  almost  }dl  of  which  were  in  the 
hands  of  Greeks.  It  is  stated,  however,  that  even  so  late  as  the  sixteenth  centoiy, 
unleavened  cakes  constituted  the  only  bread  known  in  Sweden  and  Norway. 

At  the  present  day,  the  French  and  Viennese  excel  in  bread  making,  and  a  huge 
number  of  varieties  of  fancy  bread  are  made  by  them  besides  the  coarser  kind.  In 
England  ft^veTal  kinds  of  f^cy  bread,  known  as  bricks,  coburgs,  cottage  loaves  uid 
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Freoch  rolls,  are  usually  made  of  the  finest  flour,  and  they  difier  from  ordinary  bread 
chiefly  in  this  respect  and  in  the  shape  of  the  loaves.  In  Germany,  Russia,  and  other 
parts  of  the  continent,  bread  is  commonly  made  of  lye,  or  a  mixture  of  rye  and 
wheat.  Maize  is  also  used  in  some  countries,  especially  in  America  and  in  the  East 
of  Europe. 

For  the  preparation  of  bread  according  to  modern  methods,  the  com  is  subjected 
to  a  preliminary  operation  of  grinding,  and  the  meal  thus  obtained  is  then  sifted  in 
order  to  separate  the  coarser  husky  portions  from  the  fSurinaceous  part  which  con- 
stitutes flour. 

Under  the  term  flour  or  meal  are  generally  included  all  those  products  that  are 
obtained  by  grinding  and  sifting  from  oiArent  kinds  of  seed,  and  especially  tihe  seed 
of  cereals.  By  these  operations  a  separation  is  effected  between  the  difi^erent  parts  of 
the  grain  ;  the  greater  portion  of  the  interior  being  converted  into  flour,  whilst  the 
outer  layers,  the  epidermis,  etc,  together  with  the  adherent  portions,  are  removed  by 
the  sieve  as  bran. 

The  flour  of  cereals  contains  the  following  constituents  in  varying  proportions: — 

Nitrogenous,  neutral,  organic  substances :  gluten,  albumen,  casein,  glucin. 

Non-nitrogenous  organic  substances  (the  so-called  carbohydrates) :  starch,  sugar, 
cellulose,  fats,  and  volatile  oils. 

Mineral  substances :  magnesium,  potassium,  and  calcium  phosphates ;  other  potas- 
sium and  sodium  salts,  and  silica. 

Bran  does  not  differ  in  the  nature  ef  its  constituents  from  flour,  but  contains  them 
in  different  proportions ;  it  being  richer  in  albuminous,  fatty,  and  mineral  substances 
than  the  internal  portion  of  the  grain.  In  the  prei»ration  of  flour,  therefore,  fbr 
human  consumption,  a  quantity  of  most  important  alimentary  material  is  removed ; 
a  more  nourishing  bread  would  be  obtained  if  this  were  allowed  to  remain  in  the 
flour,  and  if  only  the  most  exterior  portion — about  4  or  5  per  cent,  of  the  whole  grain, 
consisting  of  the  indigestible  woody  fibres  of  the  pericarp — were  removed. 

There  are  a  number  of  different  species  of  wheat ;  these  again  have  their  varieties. 
For  instance,  there  are — 

I.  True  wheat :  the  ears  growing  upon  a  tough  stalk,  and  the  grain  separating 
easily  from  the  grain  chaff. 

1.  Common  wheat:  Tritieum  tmlgare, 

(a)  Beardless  wheat :  Tritioum  mdgare  mutieumt  with  awnless  ears. 
\b)  Bearded  wheat :  Triticwn  vtUgare  aristatum,  differing  from  the  pre- 
ceding in  having  awned  ears. 

2.  English  wheat :  Tritioum  turgidvm, 

3.  Homy  wheat :  TViiicum  ditrum. 

4.  Polish  wheat :  TriHoum  polonieum. 

II.  Spelt  wheat:  with  a  more  brittle,  easily  broken  seed-stalk,  the  grain  being 
shut  in  close  by  the  chaff,  so  that  it  is  not  easily  separated. 

1 .  The  typical  Spelt :  TriHoum  apdta. 

2.  Starch  com  :  Tritioum  amylum. 

3.  One-grained  wheat.  Leaser  Spelt :  Tritioum  monoooooum, 

Tliis  is  not  the  place  to  enumerate  the  large  number  of  separate  varieties, 
Technically  they  are  divided  into  three  groups  according  to  the  properties  of  Uie 
grain,  as  follows :  viz. 

(1.)  Hard  or  homy  wheat,  with  hard,  dense,  somewhat  translucent  reddish  grain, 
the  least  hygroscopic  giving  little  bran  when  ground,  and  a  tolerably  white  flour,  rich 
in  albumen,  fat  and  salts. 

(2.)  Soft  or  white  wheat,  with  soft  white  non-translucent  grain,  rich  in  flour, 
but  poorer  in  gluten,  fat  and  salts  than  the  foregoing,  and  easily  ground  to  a  flue  white 
flour. 

(3.)  Half-hard  white,  intermediate  in  its  characters  between  the  two  foregoing, 
without  in  any  decided  degree  having  the  properties  of  either.  This  group  is  specially 
valued  for  the  preparation  of  flour,  because  the  separation  of  the  bran  is  easily  effected 
and  the  groats  by  grinding  yield  a  very  flne  white  flour. 

Structure  of  the  Wheat  Grain, — The  ripe  wheat  grain  is  of  a  cvlindrical  form, 
rounded  at  both  ends,  farrowed  longitudinally  on  one  side.  The  exterior  of  the  grain, 
especially  at  one  end,  is  clothed  with  flnu  hairs.  These  hairs  present  most  favourable 
opportunities  for  the  adhesion  of  spores  and  fungi  which  come  into  contact  with  them, 
and  thus  indirectly  lead  to  the  destruction  of  the  grain. 

In  a  cross  section  of  a  grain  of  wheat  the  unaided  eye  can  distinguish  three 
essential  parts ;  the  husk,  the  mealy  portion,  and  the  embryo.  The  membrane  forming 
the  husk  or  testa  envelopes  the  grain  uniformly ;  it  consists  of  considerably  elongate^ 
thickened,  and  dried  cells,  as  represented  in  fig.  554.    It  is  too  indigestible  for  human 
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food,  in  eoDMiiaBitM  of  the  amonnt  of  calluloae  it  eontaioa,  bat  it  u  rich  in  nibn- 
Eenoiu  subatADces,  &t,  &nJ  Holt*.  Imin«diat«l;  aain  the  hosk  is  s  B«iw  of  toUnbly 
Uige  closely  packed  thick-waUsd  cells  (b),  which  smrotiiid  the  whole  gTun  sod  Ibra 
the  gluten  laja.    These  cells  ue  drroidof  sureh,  and  areentirel;  ftlled  withalbmni- 


nons  matten  and  oil  globnin ;  npon  treHtment  with  iodine  they  are  coloured  jrelkw. 
The  gluten  layer  forms  thu  outer  circnrnferoncti  of  the  mealy  portion  of  the  grain,  the 
remainder  consisting  of  tbin-walled  cells  Sited  vith  starch.  Finally  at  one  and  of 
the  grain,  snrroundBd  by  the  gluten  layer  of  the  mealy  portion,  is  the  embryD.  fnin 


which  by  germination  the  young  plant  is  dareloped.    Fig.  Sfi6  r«pr»ieDta  a  Terticd 
iwction  of  Uie  grain  of  wheat. 

Cimstiluaiii  of  (hrn. — Brsidea  the  cetloloso  which  farau  the  membrane  of  the 
separate  cells,  and  whiih  in  rlie  seed  husk  is  more  or  leas  altered,  all  kinds  of  eon 
contuin  stuch,  albnminoiu  substances,  fnts,  sugar,  etc,  aad  mineral  sobMancM. 
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The  form,  oomposition,  and  properties  of  starch  are  describod  in  another  eectioii 
(see  p.  767). 

The  albuminous  matter  in  whoat  is  known  as  gluten ;  it  can  be  separated  from  most 
of  the  other  constituents  by  kneading  under  a  flow  of  water.  As  left  by  the  water,  the 
gluten  is  greyish  white,  tough,  elastie,  very  ductile,  in  its  unaltered  condition  ai^ 
haying  a  faint  smell.  From  damaged  grain  or  flour  the  gluten  is  separated  with 
difScidty,  being  washed  away  in  the  flow  of  water. 

Gluten  is  not  a  simple  substance ;  as  obtained  by  kneading  wheaten  flour  in  water, 
it  always  contains  the  larger  proportion  of  the  fat  and  mineral  constituents,  the  latter 
being  principally  phosphates.  By  treatment  with  boiling  alcohol  three  diflferent 
bodies  can  be  separated — vegetable  fibrin,  casein  or  mucin,  and  glutin — all  of  them 
belonging  to  the  group  of  albumenoids.  The  fibrin  in  insoluble  in  boiling  alcohol 
and  is  therefore  \fSt  behind  when  the  gluten  is  boiled.  The  alcoholic  solution  being 
concentrated  deposits  upon  cooling  a  slimy  mass  of  impure  casein.  This  is  removed 
and  again  treated  with  absolute  alcohol,  which  removes  all  fat,  etc,  and  dries  up  the 
insoluble  casein  to  a  white  earth-like  mass.  The  solution,  upon  fiirther  evaporation, 
after  the  separation  of  the  crude  casein,  yields  the  gluten,  which  is  soluble  in 
boiling  and  cold  dilute  alcohol,  but  insoluble  in  ether  and  absolute  alcohol. 

In  its  composition  and  properties  gluten  is  exceedingly  similar  to  the  animal  albu- 
menoids, as  they  occur  in  flesh,  muscle,  etc.  As  a  food  material  therefore  it  can  re- 
place flpsh,  and  for  this  reason  food  materials  prepared  from  the  varieties  of  com  have 
a  higher  food  value  in  proportion  as  they  are  rich  in  gluten.  Notwithstanding  its 
great  nutritive  value  too  little  importance  has  been  attadied  to  gluten.  In  order  to 
obtain  as  white  a  bread  as  possible,  parts  of  the  grain  richest  in  gluten  are  allowed  to 
go  into  the  bran.  In  the  starch  manufacture  the  gluten  is  sometimes  intentionally 
destroyed  in  order  to  facilitate  the  separation  of  the  starch.  A  more  perfect  method 
of  separating  the  starch  is  described  on  p.  772,  by  which  the  gluten  is  obtained  un- 
altered. The  individual  constituents  are  distributed  in  very  unequal  proportions  in 
different  kinds  of  com,  and  even  in  the  same  kind  a  great  difference  may  occur, 
according  to  the  influence  of  climate,  weather,  soil,  manuring,  or  harvesting.  Thus 
the  hard  wheats  are  always  richer  in  gluten  than  the  soft,  and  therefbre  correspond- 
ingly poorer  in  starch.  The  grain  ricnest  in  starch,  and  therefore  the  poorest  in  al- 
bumenoids, is  rice ;  and  the  richest  in  fkt  are  maize  and  oats.  In  the  fallowing  table 
some  analyses  of  different  kinds  of  grain  are  brought  together,  though  these  only 
approximate  to  a  representation  of  the  average  composition,  because  considerable 
variations  may  be  induced  by  the  influence  of  the  conditions  of  growth.  Besides  the 
constituents  represented,  com  in  the  air-dried  condition  always  contains  from  12  to 
15  per  cent,  of  moisture. 


Campontion  of  Different  Kinds  of  Grain. 


Hard  Veneiaela  Wheat 

Hard  African  Wheat 

Hard  Taganrog  Wheat 

Half-hard  French  Wheat 

Soft  Wheat     . 

Rye 

Barley   . 

Oats 

Maize     . 

Rice 


I 


starch 


5812 
64-57 
63-30 
68-65 
7o-31 

()5-65 
65-43 
60-59 
67*55 
89-15 


Albumen 
(Glnten) 


22-75 
19-50 
20-00 
16-25 
11*65 
13-50 
13-96 
14-39 
12-50 
7-05 


Dextrin,  Sugar 

and  similar 

bodlm 

Fat 

OeUn- 
kMe 

Adi 

9-50 

201 

4-00 

8-02 

7-60 

212 

3-50 

2-71 

800 

2-25 

3-60 

2-85 

7-00 

1-95 

3-40 

2-75 

606 

1-87 

3-00 

2-12 

12-00 

215 

410 

2-60 

1000 

2-76 

4-75 

310 

9-25 

5-50 

7-06 

3-25 

4-00 

8-80 

5-90 

1-26 

1-00 

0-80 

110 

0-90 

1 

The  flour  of  cereals  is  white,  bordering  upon  a  yellowish  colour ;  it  has  an  agree- 
able Hmell,  and  is  soft  to  the  touch.  With  half  its  weight  of  water  it  can  be  kneaded 
into  an  elastic  homogeneous  dough,  in  which  no  hard  lumps,  bran,  or  sand,  should  bo 
recognisable  by  the  touch.  From  this  dough  the  principal  constituents  of  the  flour 
can  be  B^)arated  without  difficulty.  If  a  continual  stream  of  water  be  allowed  to  flow 
upon  the  dough  during  the  kneading  the  starch  is  washed  out,  and  can  be  recovered 
by  allowing  the  liquid  to  settle ;  the  gluten  finally  remains  free  from  starch. 

Flour  contains  from  12  to  18  per  cent,  of  hygroscopic  moisture;  this  is  driven  off 
completely  by  heating  the  flour  to  100**,  but  moisture  is  taken  up  again  upon  exposure 
to  the  air.  A  high  degree  of  moisture  is  one  of  the  principal  causes  of  the  spoiling 
of  flour,  causing  it  to  agglutinate  together  and  become  converted  into  a  haid  mass; 
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fMnwitation  >Igo  saU  in,  and  tlirough  the  dc«ompii«ilion  of  a  portioD  of  the  ^nten 
the  floor  than  Iokb  iU  propart;  of  making  a  light,  white,  palatable  bicAd.  Moittnn 
aUo  favimn  the  derelopment  of  maold,  the  flour  Bcouinnjc  ao  onpleaauit  pacoliat 
amell,  and  becoming  mare  or  Iwb  iujorione  to  health. 

The  finest  kind  of  flonr  is  olrtained  from  several  varietise  of  wtumt  (7W<uaM 
vvlgart),  and  it  ia  the  kinii  ehiefi;  iined  for  making  bread.  The  Boor  of  otn«r  kiodi 
of  gnin.  Bach  an  rye,  oats,  maiEc,  barley,  etc.,  ara  also  used  to  aome  extent  tea  the 
aame  purpoH? .  One  of  thachief  characteristics  of  the  flour  obtained  from  these  dif- 
ferent Idndj  of  cereals  ia  the  conflgnnttion  of  the  at&tch  granolea  proper  to  tbs 
several  kinds  of  grain,  by  means  of  vhich  it  is  poeaible  to  diBtinguisn  one  kind  of 
floor  fr^m  others,  and  to  detect  udmixtores. 

The  flonr  of  cerfals  is  snbject  to  many  adulterations,  snch  as  admizturea  of  potato 
flour,  pea  floor,  the  fluur  of  maize  and  buckwheat  floor.  Bean  floor  added  in  conndanbb 
quantity  imparts  to  it  a  greyish-yelloir  colour,  and  the  bread  prepared  irom  nA 
mixed  flour  has  an  unplessaut  taste  and  smell.  Moreover,  the  gluten  is  aUo  utid 
upon,  BO  Ibat  the  bread  does  not  rise.  An  addition  of  4  per  cent,  of  bean  floor  ia  qoiti 
manifest  by  the  heaviness  of  the  bread. 

Tlie  starch  grannlcB  of  wheat  are  generally  round,  disc-shaped,  and  without  any 
rocc^niaable  hilum  ur  diBtioct  annuliir  lino",  while  others  are  much  smaller,  freqnentJj 
Iruni^nted  nt  one  end,  and  present  at  tha 
rouuduJ  I'ud  a  tolerably  Satinet  hilnm 
wirb  conci'ntric  marks,  as  shoira  ia 
hg.  S66,  representing  Tliaat  Soor  u 
magiiified  420  di.imeters.  I'o  the  right 
bund  of  the  draviiig  is  shown  the  tf- 
pesrance  of  tlie  cells  ooalauiing  the  itsnh 
yninules. 

The   starch    granoles   of   th»   b«H 

[Faba    »p.),   represented   by   fig.   667  a* 

uingnifiea  4211  iliametera,  are  cbaimetariard 

'■y   their  uniform  or   oval    shApe.     Tba 

liilum  appears  very  distinctly  >a  a  nu])!* 

iir  multiple  lanizitudinal  fiesom,  and  ia 

Iieaii  flour  tho  thickncKs  of  tha  wall*  <d 

llio  cA]t  contiiitiing  the  starch  grasokt 

is    coubidi.'r.i)ilt-,  aa   shows  at  the  lowR 

\)art  of  the  ilmwing. 

used  ID  adbltprMe  wheat   flour,  but  [«hitable  bread  CU 

coniuiiiiiig  lip  to  one-third  purl  of  bi*au  flour,  by  adding* 

if  iirdiniirilv  uaed  during  the  prepomtion  of  dough. 


Bean  flour  is  sometimes 
be  prepared  from  mixtures 
larRfr  quanlity  of  half  than 


The  starch  granulea  of  the  oat  (Alma  HiMwt)  are  smaller  than  thoae  of  whttt 
anil  tolerably  nniform  in  size,  truacntod  on  several  sidee,  and  thns  often  prcsentiiig  a 
polygonal  figure  (a  a,  flg.  668,  which  represents  oat  floor  magnifled  *20  dianeten).  It 
li  without  s  recognisable  hilum  or  rings.  A  characteristic  feature  of  this  starch  is 
the  aggregation  of  a  number  of  gnmules  forming  rounded  maSBea  (66).  ThatiMne{«) 
of  the  cells  is  very  delicate,  presenting  a  filiform  appearance. 

The  starch  grannies  of  barley  (Hijrdeiim  duticfum)  are  partly  large  and  mrtlv 
mnah  smaller,  as  shown  in  flg.  669,  representing  b«rl«y  floor  magnified  MOdiamatan. 
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nDBllBC,  tha  larger  gi  .  ^  . 

tipBue  of  the  cells  presents  some  regesiblaripe  to  that  of  whea 

fig,  560,  Tsprvsentiiig  rje  flonr  as  ma^ified  420  diamel«n. 

The  Btarcb  granolss  of  Icdiiui  com  or  msizo  {Zea  Maj/t)  arc  rotinded  or  indis- 
tinctlj  polygoaal.  oftea  pcesDntiDg  n  nUllatn  hilum.  as  ahmrn  in  fig.  581,  vhich  copre- 
s«ntB  Indian  com  flour  magnified  42l>  dinnuitera. 


Tho  Stan*  gnmulos  of  rice  (Orji.-n  saliva)  arc  emfil!  and  generallj  MlgiJar,  with 
sell-mnrknl  contrsl  ilpprer-sionB,  hh  nhown  in  fig.  '>62,  reprimenting  rice  floar  magni- 
fied ISO  diiinii'teiB.  The  grannies  are  TG17  niniilar  to  thone  of  the  oat,  bnt  are  smaller, 
irhite  the  cells  in  which  they  are  encloeed  are  ang^ilaF  and  aepajato  readil;  from  each 
other. 

Other  methods  of  testing  samples  of  Bonr  and  hreai)  have  been  giTBD  bj  Donnj. 

(1.)  AduU/rralion  vritk  Potato  Slarch.^A  thin  lajer  of  the  nupected  floor  ii 
moistened  vith  a  2  per  rent,  solation  of  potash  and  oiamined  ucder  a  strong  magni- 
fying glass  or  a  microBcope.  The  vhcat  starch  andergotts  no  change,  whilst  the  potato 
starch  swells  considerBbly,  rttaining  the  oortonr  of  the  granule.  The  chango  maj  be 
rendered  more  distinct  1;^  (renting  Uie  partially  drie<1  mass  with  solution  of  iodine. 

The  presence  of  potato  meal  in  bread  may  be  detected  in  a  similar  manner.  If  a 
little  of  the  breail  crumb  be  moistened  with  potash  solution  and  corered  with  a  glass, 
the  large  granules  of  potnto  starch,  greatly  swollen  nnfl  intensely  coloured  by  the 
iodine,  can,  if  present,  be  easily  recognised  by  the  aid  of  a  magnifying  glass. 

(2.)  Adulteratiaa  ant\  Riceor  Maue  FUmr.—Tba  sunpected  flouris  kneaded  nndet 
» jet  of  water  and  the  liquid  passed  throngh  a  fine  sioTe.  The  starch  is  collected, 
cashed,  and  examined,  nnder  a  microscope.  If  the  sophistication  has  'M;cnrred,  the 
MguUr  granules,  whiti  are  formed  in  rice  and  maiio  through  the  eicesmTBly  filled 
celts  pressing  against  one  annther  and  adhering  together,  ran  be  easily  found.  ThB 
■ingle  Kranules  of  maize  am!  rice  .tilhere  so  closely  tc^cther  that  they  do  v.ni  &U 
asuDiIcr,  iiut  ordioarilj  retain  the  form  of  the  Burrouuding  cells  or  thsir  fhigmenta. 
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(3.)  Adulteration  of  Rye  Flour  or  Bread  with  Linseed  Meal. — If  linseed  meal 
be  moistened  with  a  10  per  cent,  potash  solution,  a  larse  number  of  vciy  characteristic 
small  bodies  become  manifest,  wliich  are  of  smaller  dimensions  than  pot^ito  starch, 
hare  a  ^assy  appearance,  and  are  mostly  red  in  colour,  and  square  or  oblong  in 
shape.  These  are  fragments  of  seed  busies,  and  are  so  characteristic  that  they  can 
with  certainty  be  found  if  the  rye  flour  contains  only  1  per  cent,  of  linseed  meal.  In 
examining  the  bread  or  flour  for  this  adulteration  a  little  shoald  be  moistened  with  the 
potash  solution  on  the  object-glass  of  a  microscope.  The  adulteration  of  lye  flour 
with  oatmeal  cake  was  very  prevalent  in  Belgium  and  the  North  of  France  in  the 
years  1846  and  1847. 

(4.)  Adulteration  with  Buck-wheat  Flour. — This  adulteration  may  be  detected  with 
a  glass  by  proceeding  in  the  same  way  as  in  testing  for  maize  and  rice  flour.  Buck- 
wheat flour  yields  polyhedric  masses  of  starch  resembling  that  of  maize  ;  but  from  this 
it  can  be  distinguished  by  the  agglomeration  of  the  simple  cells. 

(5.)  Adulteration  of  Com  Flour  with  Leguminous  Meal. — The  meal  of  leguminous 
plants  (beans,  peas,  vetches,  lentils,  etc.)  always  contains  the  cellular  tissue  of  the  seed 
srom  which  it  is  prepared,  and  its  characteristic  form  renders  its  detection  possible. 
The  flour  is  spread  out  upon  the  object-glass  and  moistened  with  a  10  per  cent,  potash 
solution.  The  starch  of  the  cereals  is  dissolved  and  disappears,  whilst  the  form  of 
the  leguminous  cellular  tissue  is  made  more  clear  and  can  be  recognised  with  a  glass. 

An  admixture  of  the  meal  of  beans  and  vetches  can  also  be  detecteil  through  the 
peculiar  reaction  when  treated  successively  with  nitric  acid  and  ammonia.  Bean  meal 
and  vetch  meal  are  coloured  red,  whilst  the  flours  of  difierent  kinds  of  com  acquire  a 
yellow  colour.  In  mixtures  containing  these  kinds  of  meal  red  spots  are  produced  in 
number  corresponding  with  the  amount  of  foreign  admixture.  The  best  method  of 
applying  this  test  is  to  spread  out  the  flour  round  the  sides  of  a  white  porcelain  ressel ; 
place  inside  this  a  smaller  vessel  containing  concentrated  nitric  acid,  cover  the  whole 
with  a  glass  plate,  and  then  gently  warm  them  in  order  to  bring  the  acid  vapour  in 
contact  with  the  flour.  As  soon  as  part  of  the  flour  has  become  yellow,  the  smiall  dish 
containing  the  acid  is  replaced  by  one  containing  ammonia,  the  vapour  of  which  is 
allowed  to  act  for  some  time.  If  leguminous  meal  be  present^  it  soon  assumes  a  red 
colour  perceptible  to  the  naked  eye  and  appearing  under  the  glass  in  red  spots.  With 
pure  corn  flour  only  a  yellow  colour  and  yellow  spots  are  observed. 

For  the  detection  of  bean  meal  and  vetch  meal  in  bread  an  aqueous  extract  is 
prepared,  which  would  contain  the  matters  that  are  coloured  red  by  the  action  of  nitric 
aciaand  ammonia.  A  portion  of  the  crumb  mixed  with  cold  water  is  heated  to  boiling 
and  thrown  on  a  sieve.  After  a  time  the  clear  liquid  is  poured  off  from  the  sediment, 
evaporated  in  a  water  bath  to  a  thick  oxtnict,  treated  with  alcohol,  and  the  alc(^olic 
solution  evaporated.  There  is  then  left  upon  the  sides  (jf  the  capsule  a  layer  of  the 
extracted  substance,  which  can  be  submitted  to  the  successive  action  of  the  vaponrs 
of  nitric  acid  and  ammonia. 

^6.)  Detection  of  Whenten  Flour  in  Bye  Flour. — There  are  many  places  where  a 
tax  18  levied  upon  all  food  introduced,  such  a«  flesh,  bread,  flour,  etc.  As  a  rule  the 
kinds  of  flour  principally  used  by  the  poorer  classes  arc  less  highly  taxed  than  others 
which  yield  a  finer  bread  suiterl  for  the  consumption  of  the  more  wealthy  inhabitants 
This  renders  possil>le  attempts,  by  representing  wheaten  flour  or  mixtures  of  the  two 
as  rye  flour,  to  escape  with  pJiying  the  lower  tax.  Doubtful  cases  not  un frequently 
arise  where  the  taxing  oflliccr  confiscates  a  suspected  flour,  and  the  expert  has  to  give 
an  opinion  on  oath  whether  a  sample  submitted  to  him  has  been  prepared  from  wheat 
or  rye,  or  whether  it  only  contains  an  admixture  of  wheat.  The  only  possibility  <rf  a 
determination  depends  up>n  a  difference  whicli  ordinaril}*  is  manifest  between  the 
gluten  of  wheat  antl  tlie  gluten  of  rye.  Whilst  the  gluten  of  wheat  forms,  as  a  rule, 
when  kneaded,  a  plastic,  elastic  mass,  the  gluten  of  rye  is  usually  wanting  in  this 
property.  If  a  dough  be  knoa(le<l  from  rye  flour  and  washed  in  a  stream  of  water,  the 
dough  has  a  tendency  to  dissolve  and  the  gluten  to  be  washed  away  with  the  starch  ; 
whilst  that  from  wheat  remains  l>ehind  as  a  plastic  mass.  This  is  the  only  difl^nce 
between  normal  wheaten  flour  and  normal  rye  flour.  It  has  already  l^ien  mentioned 
that  the  smallest  alteration  in  the  flour,  through  sprouting  of  the  grain  or  fermentation 
of  the  finished  product,  is  at  once  shown  in  tlu  changed  prf»pertics  of  the  gluten,  which 
loses  its  toughness  and  elasticity.  The  wheat  gluten  then  behaves  exactly  as  rye 
gluten,  and  is  washed  away  by  a  stream  of  water. 

The  tenacious  character  of  wheat  gluten  can,  however,  bo  restored  by  various 
agents.  If  flour  from  sprouted  wheat,  or  fermented  flour,  be  kneaded  with  common 
salt,  lime  water,  or  alum,  the  gluten  recovers  its  original  toughness  and  elasticity. 
Rye  flour  behaves  in  a  similar  manner.  If  a  dough  be  made  of  rye  flour  with  the 
addition  of  a  small  quantity  of  lime  water,  and  ^vashed.  the  gluten  obtained  has  all 
the  properties  of  wheat  gluten,  or  at  most  is  a  little  less  elastic. 
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As  therefore  the  tiro  kinds  of  gluten  differ  so  little  that  wheat  gluten  can  be 
changed  b^  moisture  br  fermentjition  so  as  no  longer  to  be  distinguishable  from  that 
of  rje,  whilst  rye  gluten  may  be  altered  by  a  small  quantity  of  lime  acquired  from 
the  soil  in  which  tlio  plant  grows,  the  small  differences  bf^twoen  them  cannot  be 
sa£Bciently  characteristic  to  furnish  scientific  evidence  for  a  court  of  justice.  The  light 
spongy  property  of  well-made  bread  is  dependent  upon  certain  qualities  of  the  gluten. 
When  obtained  from  good  flour  this  is  elastic,  soft,  pliable,  and  ductile ;  upon  rapidly 
heating  it  to  200°  it  swells  up  considerably.  These  properticN  are  met  with  princi- 
pally in  wheaten  flour ;  from  other  kinds  of  meal  an  adherent  gluten  cannot,  as  a 
rule,  be  separated.  Ererr  change  in  flour  induces  a  change  in  the  properties  of  the 
gluten  present  in  it,  so  that  from  fermented  flour  light  bread  cannot  be  prepared. 
These  changes  may  eommence  as  early  as  the  harvest,  through  continued  wet,  sprout- 
ing,  etc 

The  properties  of  the  gluten  in  various  kinds  of  flour  may  also  be  turned  to  account 
in  comparing  the  value  of  different  kinds  of  flour  and  detecting  adulteration. 

Potato  Flour. — For  a  long  time  it  was  sought  to  bring  the  potato  by  desiccation 
into  such  a  form  that  it  would  be  preserved  from  spoiling,  and  to  prepare  from  it  a 
concentrated  food  that  could  be  transported  for  long  distances — such  as  sea  voyages — 
without  the  necessity  of  carrying  75  per  cent,  of  water  with  the  25  per  cent  of  food 
material.  No  great  success  was  attained  in  this  direction  until  Chollet  invented  a 
method  by  which  a  faultless  material  could  Ix^  prepared  at  a  comparatively  low  cost. 

Potato  meal  is  not  very  liable  to  spoil,  and  will  keep  for  a  considerable  time  in 
dry  places.  A  considerable  quantity  of  this  article  is  imported  from  France  into 
England,  and  is  used  specially  in  the  provisioning  of  emigrant  ships. 

BoUantta  Test  for  Wheaten  Flour. — 26  grams  of  flour  are  kneaded  into  a  dough 
with  12  or  18  grams  of  water ;  the  mass  is  then  allowefl  to  stand  some  time  in  order 
to  allow  the  gluten  to  swell  completely,  which  in  warm  weather  requires  about  half 
an  hour  and  in  winter  1  hour.    The  dough  is  then  kneaded  under  a  gentle  stream  of 
water  until  the  water  flows  off  colourless,  and  the  moist  gluten  is  well  drained. 
From  this  5  grams  are  weighed  off,  rolled  into  a  ball,  and  allowed  to  drop  on  to  the 
bottom  of  a  small  brass  cylinder,  the  interior  of  which  is  slightly  smeared  with  oil. 
The  cylinder  is  then  placed  in  an  oil  bath,  previously  heated  to  210°,  in  order  to  heat 
the  gluten  rapidly.     The  vaporisation  of  the  enclosed  water  causes  the  elastic  mass 
of  gluten  to  puff  up  and  lift  a  light  pinton  to  a  distance  corresponding  with  the  increase 
in  Tolume.    This  increase  is  proportional  to  the  quality  of  the  flour,  and  amounts  to 
firom  2  to  6  times  the  original  volume  of  the  gluten.     The  experiment  can  be  con- 
trolled by  taking  out  the  gluten  remaining  in  the  cylinder,  drying  it  completely  at 
100°,  and  taking  its  weight. 

If  it  is  desired  to  estimate  the  quantity  of  starch  also,  the  wash  water  from  the 
gluten  is  poured  upon  a  fine  sieve  in  order  to  retain  any  detached  gluten  and  tracM 
of  bran,  and  the  starch  is  allowed  to  settle.  After  clearing,  the  water  is  decanted  off, 
the  starch  is  washed  once  with  pure  water,  dried,  and  weighed. 

"With  the  estimation  of  the  starch  a  test  for  adulteration  with  potato-starch  fiour 
am  be  easily  combined.  For  this  purpoHo  the  starch  is  washed  with  a  small  quantity 
of  water  into  a  conical  glass,  and  allowed  to  settle.  The  larger  and  heavier  granules 
of  potato  starch  sink  to  the  bottom  most  rapidly,  and  arc  found  at  the  extreme  point 
of  the  cone  formed  by  the  settling  of  the  starch.  The  upper  portion  is  removed  with 
a  spatula,  and  the  lower  layers  are  submitted  to  a  microscopical  examination,  when 
the  potato  starch  can  be  at  once  recognised  by  its  form  and  size. 

Preurvaiion  of  Com. — In  countries  where  agriculture  constitutes  thechief  occupa- 
tioD  of  the  people,  and  where  a  relatively  small  number  of  inhabitants  cultivate  a 
Ifta^  area  of  land,  considerably  more  corn  is  produced  than  is  consumed,  except 
ilk  years  when  the  crop  fails.  In  more  thickly  populated  countries  also  there  are 
■ometimes  years  of  plenty  when  the  produce  exceeds  the  demand.  Under  such  con- 
^Iltions  the  storing  of  com  and  its  prot.ection  from  doc*ay  become  of  great  impor- 


Care  for  the  preservation  of  corn  needs  to  commence  as  early  as  the  harvest ;  for 
^^^uently  the  basis  of  after  deooniposition  is  laid  at  that  time,  and  a  large  propor- 
^<m  of  grain  becomes  injured  through  negligent  treatment.  By  exposure  to  moisture 
^^com  be^ns  to  sprout  in  the  ear,  and  its  value  is  diminished  :  or  it  is  attacked  by 
* — [i  and  becomes  mouldy  and  rotten.  One  method  of  preventing  rain  from  damaging 
consists  in  standing  a  number  of  sheaves  upright  together,  and  inverting  above 
another  sheaf,  in  such  a  manner  that  the  downward  hanging  ears  form  to  some 
,  jt  a  loof  for  the  others.  Sometimes  four  or  more  sheaves  are  placed  upright  dose 
^■Hither,  or  one  is  placed  in  the  middle,  and  the  others  are  packed  around,  and 
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enMd  cIomIj  logetbeT  at  the  top  b;  a  band  {%.  563),  and  ttu^n  eonnd  with  anoUier 
duaf  (fig.  964).    The  giaia  is  tbiu  pertaclly  prut«cted  from  wet,  na  the  laia  flov*  off 
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rapldl;  from  the  downwnd  hanpng  stmv  of  the  coTering  without  penetatiiig.  ^le 
eheaf  fiutheF  preeenle  the  great  odvaDUige  of  EnTonring  the  fall  maturity  of  the  eon, 
the  sap  conetituentB  contflined  in  the  stalk  becoming  concentrated  in  the  giaiD,  Uiil  a 
better  product  yielded.  On  the  other  hand,  mote  labour  and  time  are  required  by  tlua 
method  Uian  by  the  ordinary  onee.  and  the  acard^  of  Uboor  nt  harvest  time  pnrenti 
it  being  eenmilly  adopted,  nDtwitlistandiaff  its  acknowledged  advnntagiM. 

Egnal  protection  ie  afforded  bj-  Ui*  stacking  of  com,  if  the  slacka  are  protected  in 
n  eimilar  manDet,  Seip  the  shearea  are  not  arranged  in  a  circle,  but  in  two  rare 
leaning  against  each  other,  with  the  ear  upwards ;  above  these  is  placed  ■  eoTering 
of  Bheares  with  the  ear  doBTiwards.  The  min  is  thus  kept  off.  whilst  free  TCDtilatimi 
ia  secured.  By  this  method  hIso  the  com  can  be  harvested  before  it  is  perfectly  ripe, 
and  the  quantity  and  qtuilitj  of  the  grain  augmenled. 

Kot  only  dnrinp:  the  h.irveM.  but  in  the  granary  also,  corn  ie  exposed  to  many 
eauaea  of  decay,  which  require  to  be  combated  by  the  greatest  care  and  by  different 
methods  of  presert.ntiou.  Notwithstanding  the  ordinary  precaotioDs,  frequeotly 
upwards  of  12  pec  cent,  of  the  harrested  com  ie  lost  in  a  single  year. 

The  greatest  iniitry  to  corn  ie  caused  by  insects  ;  moirture  also  iaduoes  formenta- 
tion  and  putrrfactton  ;  and  funhor  damage  is  done  by  rats,  mice,  and  similar  aaimals. 

The  principal  destroyers  of  corn  are  the  bUck  corn  worm  or  com  weeril 
(Cnreulioffranariiii.L.;  Calandraffraiiarie,Ya,h.;  8ilJi-ptU%s  grayuiriiu,  fiduen.),  uti 
the  rtite  com  worm,  or  cow  moth,  or  wolf  (Tints  gfandtn,  L.;  Aludfa  graneSU, 
Vah^ 

The  black  corn  worm,  or  com  weevil,  belongs  to  the  tribe  RhgtKophnt.  It  H 
about  a  twelfth  of  an  inch  long  ;  when  young  it  is  light  btnwn,  but  it  gradnsUy  be- 
comes darker,  and  at  last  atmont  black.  During  the  winter  the  weeril  remains  in 
chinks  and  crevices  of  the  mfcers  and  boards;  bat  at  ths  beginning  of  the  vam 
weather  itcomus  forth  and  the  female  lays  100  to  loO  eggs,  eacfa  one  in  a  sapBnta 
grain  just  under  the  husk.  From  these  eggs  ahnrtly  af^wards  escape  worms  pro- 
vided with  strong  maudiblea.  which  using  the  contents  of  the  grain  for  food  and  tlie 
hull  for  a  domicile,  pass  there  their  pupa  existence.  Six  weeks  after  the  laying  of  the 
eggs  the  perfect  losects  are  fonaed.  and  otber  similar  augmentations  take  place.  It 
has  been  calculated  that  a  dozen  pair  of  these  pests  will  bring  forth  during  the  warm 
weather  7S,000  individuals.  Should  this  dozen  pair  nestle  in  tire  or  six  bushslaof 
wheat  and  each  of  their  progeny  dpslroy  only  throe  grains,  the  loss  would  amount  to 
at  least  13  per  cent.  The  'iesCruction  caused,  however,  appears  somewhat  to  depend 
upon  the  insect  being  left  niidistnt'lK'd,  and  to  be  diminished  by  frequent  shorelling 
andsiftingof  the  corn.  Tile  insect,  moreover,  can  with  difficulty  withstand  strong 
currents  of  air,  especially  in  the  winter;  a  thorough  ventilation  of  the  granary  there- 
fore is  one  of  the  most  certain  proTentires  against  its  ravages. 

The  white  com  worm,  or  com  moth,  ie  a  small  moth  with  front  wings  of  s  light 
yellow  colour  spotted  with  black,  and  ilnrk  grey  hinder  wings.  It  makes  ita  appear- 
ance with  tile  beginning  of  warm  wenther  :  during  two  weeks  the  female  laja  tfgt, 
depositing  them  either  singly  or  two  together  in  a  grain  of  corn,  showing  ■  prefer- 
■nce  fur  rye.    After  a  abort  time  frum  each  egg  is  hatched  a  yellow  wmm,  wlliell 
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divoms  the  grain,  then  passes  to  aoother,  and  so  on  until  the  end  of  the  nunmec.  It 
possas  the  winter  as  a  caterpillar,  enters  the  pnps  state  in  the  spring,  and  is  trans- 
formed  at  the  eonuneaeement  of  sommer  into  the  perfect  moth.  Toniing  and  eiAing 
of  the  corn  is  odI;  an  imperfect  remedj  against  tiieea  troubleaame  insects,  as  only  a 
portion  of  them  are  deetnijed  bj  the  operation. 

Bendei  iifjory  b;  insaets,  the  grain  is  affected bj  fermentation  and  daeav.  H  it  ii 
too  frash  when  thxeshod  and  l^nght  damp  into  the  gisnaij,  it  sasilj  became* 
haated;  monld  aceomnlaUe,  setting  np  diffireat  kin<u  of  fermentation,  which 
genaiallir  end  in  pntrefiu:tian.  IHSersnt  methods  hBTs  been  enggMted  Ibr  the  pre- 
seiTBtioo  of  com,  and  carried  out  wiUi  more  or  leas  satiefactorj  resolts.  They  aim 
at:— 

(1)  Thorongb  airing  or  vent'letion  of  the  com  by  eontinaed  motion. 

!2]  Perfect  drying  by  meane  of  hented  air. 
8)  The  preaerration  of  the  grain  in  grsin  pits  dng  in  dry  soil.    This  method  it 
adopted  in  eonthero  oQuntries — Southern  France  «nd  Spain  and  Africa— with  Kltis- 
&ct(iry  results,  but  it  is  only  suited  for  localities  possessing  a  sofflcient  dryness  of 

For  these  different  methods  the  following  forme  of  appiLratus  have  been  coa- 
struct«d:^ 

Fiiilny>  i4pparr7(us  (^rentsr  ffloAtb)  consists  of  a  large  wooden  cylinder  {dddd, 
fig.  560,  traasrerse  section ;  flg.  5B6,  longitudinal  section},  the  tnmt  being  made  of 
strong  slaveB  bound  together  with  iron  hoops.  Witliin  this  ia  a  mnch  emaller 
cylinder  (k  k),  bound  to  it  by  strong  cast-iron  end  plates,  which  at  the  same  time 
close  the  ends.  Round  the  ciicninferenca  of  both  eylindem  are  a  large  number  of 
oblong  openings  fo  //),  covered  with  wire  game.  The  space  between  Ule  two  cylin- 
ders is  parUtioned  offinto  eight  equal  divisions  (a,  b,  c.  eto.)  for  the  reception  of  the 
com,  and  each  of  these  i«  again  dirided  by  three  cross  partitions  into  four  emnll  com- 
partments, making  thirty-two  in  all.  The  cylinder  rebts  upon  a  etrong  wooden 
frame  (g),  and  can  be  easily  rotated  upon  its  axis  by  means  of  a  cnf;wheel  (b), 
worldnga  toothed  wheel  (a)  at  one  end  At  the  same  time  as  the  cylinder  is  slowly 
raTolring  the  shafts  of  the  rentilator  (/)  are  eet  in  motion  vary  rapidly  by  tho 
driving  strspe  (i  <).  The  ventilator  lieing  in  commnnTcation  with  the  interior  of  ths 
smaller  cylinder  (m).  air  is  thus  drawn  throngh  the  openings  (o  o)  in  the  outer  cylin- 
der,  through  tks  corn,  aud  finally  through  the  inner  cylinder  to  the  ventilator.  The 
etrong  current  of  air  dries  the  com  perfectly ;  whilst  the  motion  destroys  the  worms 
and  mbs  off  the  adhering  eggs  which  Sail  through  the  meshes.  For  filling  and 
emptying  the  apparatus  some  of  the  wire-gauze  coTcriogs  in  each  compartment  are 
fixed  in  hiding  frames.    The  cylinder  is  about  30  feet  long  and  lo  feet  in  diameter. 
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The  inner  space  will  hold  about  Z.ftdO  bushels,  but  in  order  to  allow  of  the  m 
of  ths  grain  only  abont  3,700  bushels  ore  used. 

OomticKt  Amiaralut  is  based  upon  the  tame  principle  of  agilation  and  ventila- 
tion, bnt  is  diOerently  constructed.  It  is  a  square  briclcwork  shan,  haviog  walls 
each  abont  10  feat  wide  and  00  feet  high,  and  holding  nearly  3,4C0  busheta.  The 
ehaft  is  divided  by  seven  horizontal  layers  of  beams  which  act  aa  supports  for  strong 
platas  of  zinc.  Two  of  these,  contracting  fannel-wiee  and  not  far  apart,  are  placed  in 
each  interval  between  the  joists,  so  that  the  floor  thus  formed  is  broken  Ijy  long 
slits,  ths  slits  being  wider  in  the  lower  than  in  the  upper  doors.  When  all  (he  com- 
partments are  ftUl  of  com,  if  a  nHall  portion,  about  ten  per  cant,  of  the  wluds,  b« 
3E 
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allowed  to  ran  oat  rapidly  at  the  bottom,  the  entire  maas  ia  set  in  motion.  Bat 
through  the  nneqoal  width  of  the  interstices  this  movement  ia  not  uniform,  the  com 
paeaing  out  from  each  compartment  more  rapidly  than  it  ia  replaced  from  the  one 
above,  and  this  cauaes  a  current  of  air  to  be  drawn  in  through  aide  openinga  covered 
with  wire- gauze.  The  com  which  runa  out  firom  the  loweat  compartment  ia  raiaed  to 
the  top  by  a  chain-pump  arrangement 

Huarfi  AppartUus. — ^An  apparatus  has  been  introduced  into  the  military  depart- 
ment in  Paris  very  similar  to  the  preceding,  but  having  aheet-iron  sides  instead  of 
walls.  Each  shaft  is  divided  by  24  to  28  lattice-work  screens  made  of  iron  roda.  The 
com  is  set  in  motion  by  the  opening  of  a  door  in  the  lowest  compartment. 

Devaux*a  AppareUus  is  also  an  iron  shaft  32  feet  high  and  4  feet  in  diameter,  but 
it  differs  from  tiie  preceding  in  having  its  sides  perforated  with  small  holes.  A  pipe 
4  to  }  inch  in  diameter,  closed  at  the  top  and  finely  perforated  over  its  whole  sur- 
&ce,  passes  through  the  shaft,  and  ventilation  is  effected  by  forcing  through  it  a 
strong  current  of  air. 

Preservation  in  Pits  {Silos). — Earth  pits  or  silos  are  only  suitable  for  keeping 
com  in  hot  countries.  Brickwork  silos,  that  can  be  closed  air  tight,  or  large  metal 
receptacles,  have  also  been  recommended.  In  order  to  protect  com  placed  in  them 
from  decay  several  methods  have  been  described.  Persos  and  Petitot  recommend  the 
introduction  of  quick  lime  in  basketa  covered  witH  wire  gauze;  the  lime  abaorbs 
moisture,  so  that  even  sprouted  com  can  be  thus  preserved.  An  experiment  made  It 
Petitot  with  wheat  harvested  in  wet  weather  showed  that  at  the  end  of  five  jeaia  it 
was  perfectly  sound  and  fit  for  making  into  bread. 

According  to  Doy^re  and  (>arreaa  the  most  certain  means  of  extirpating  the  com 
worm  in  such  silos  is  by  using  a  small  quantity  of  bisulphide  of  carbon.  About  1 
part  by  weight  to  60,000  of  the  com  is  sufficient  to  destroy  all  insects,  and  even  the 
eggs  in  five  or  six  days.  About  6  parts  to  100,000  will  have  the  same  effact  in 
twenty-four  hours. 

Production  and  PreeerwUiofi  of  Potatoes. — ^The  potato  is  unquestionably  one  of  the 
most  useful  crops  in  agricultural  economy,  inasmuch  as  it  leaves  the  ground  upoo 
which  it  is  cultivated  in  capital  order  for  the  next  crop  in  rotation,  and  in  regard  to 
yield  is  excelled  by  no  other  crop.  A  comparison  of  the  yield  of  different  crops 
shows  that  the  potato  takes  the  first  place,  as  may  be  seen  from  the  following  table : 


Potatoes     . 
Jerusalem  artichoke 
Turnips 

Swedish  turnips 
Wheat 


Avenge  Productioii 
per  Acre  in  Tons 


21  to  28 

19  „  23f 

30  „  40 

18  „  22i 

U  »     1* 


Total  Dry  Matter 
in  CwtB. 


54  to  64 
5 


4 


1 


I    »  i\ 


The  potato  crop  and  the  quality  of  the  potatoes  depend  upon  the  soil  and  the  state  of 
the  weather,  the  amount  of  starch  yielded  by  potatoes  varying  so  considerably  that  it  is 
hardly  possible  to  make  an  estimate  of  the  yield  of  any  sort  of  potato.  According  to 
some  experiments  of  Payen,  the  yield  of  starch  from  various  kinds  of  potatoes  grown 
in  France  varied  from  8^  to  6  tons  per  acre.  The  Bohan  potato  is  still  more  pro- 
ductive in  starch,  but  its  tubers  are  very  watery,  and  on  this  account  it  is  not  much 
liked  by  the  manufacturer.  Scotch  shaws,  a  very  favourite  early  potato,  is  for  the 
most  part  used  as  food ;  it  is,  however,  much  prized  by  starch  manufacturers,  as  itf! 
early  maturity  enables  them  to  begin  work  early  in  the  year. 

The  starch  contents  of  gathered  potatoes  does  not  remain  constant,  but  decreases 
continually,  owing  to  the  growth  of  the  tubers.  Potatoes  laid  in  heaps  generate  heat, 
and  begin  to  germinate,  producing  rootlets  and  young  shoots.  All  these  processes 
depend  upon  the  formation  of  new  cells,  the  material  for  which  is  supplied  by  the 
starch  in  the  potato,  it  being  converted  into  the  cellulose  constituting  the  membrane 
of  the  cells.  Hence  it  happens  that  potatoes  which  immediately  after  harvesting 
vield  17  to  18  per  cent«  of  starch,  yir>ld  in  January  and  February  only  15  per  cent,  and 
in  March  and  April  not  more  than  l.j  per  cent  The  starch  manufacturer,  therefore, 
endeavours  by  suitable  storing  to  suppress  germination  in  the  potatoes  as  completely 
aa  possible,  and  also  so  to  conduct  his  operations  as  to  finish  the  starch  manofiic- 
ture  within  four  months  of  the  harvest. 

In  order  to  protect  the  potatoes  as  far  as  is  possible  from  spontaneous  changes 
they  are  stored  in  dry  chambers,  the  temperature  of  which  is  low  without  sinking  to 
aero,  and  which  are  protected  as  completely  as  possible  ngainat  changes  of  tempera- 


COMPOSITION   OF  POTATOES.  787 

tore.  Cellars  and  pits  in  the  earth  are  used  for  this  purpose.  It  is  necessary  in 
storing  the  potatoes  to  keep  out  diseased  and  rotten  tubers,  as  these  would  affect  the 
Bonnd  ones.  The  construction  of  the  earth  pits  depends  upon  the  soil ;  where  this  is 
moist  the  pits  are  made  shallow,  ditches  are  dug  round  them,  and  the  potatoes  are 
piled  up  portly  aboye  the  month  of  the  pit,  and  covered  with  the  earth  taken  from  the 
ditches.  Where  the  soil  is  dry  the  pits  are  made  deeper.  The  pits  are  generally 
about  5  feet  wide  at  the  bottom,  and  at  the  month  6^  feet.  The  walls  or  sides  of  the 
pits  being  sloped.  The  depth  of  the  pits  is  about  8  feet ;  the  length  varies  between 
60  and  320  feet. 

In  some  manu&ctories,  potatoes  are  stored  in  brickwork  pits,  and  covered  either 
with  earth  or  straw.  Dailly  employs  pits  of  this  kind,  sunk  5  to  6}  feet  deep  in  the 
earth,  160  to  200  feet  long,  25  feet  wide,  and  8  to  10  foet  high,  a  slate  or  thatched 
roof  jprotecting  them  from  rain  and  moisture.  The  pits  are  filled  and  emptied  through 
openings  in  tJbe  walls,  which  are  closed  in  winter  with  straw  to  keep  out  the  cold. 
Although  the  first  cost  of  such  pits  is  considerable,  the  expense  of  the  yearly  construc- 
tion of  the  simple  pits  is  saved. 

Brickwork  pits  are  especially  serviceable  where  the  soil  is  moist.  They  are,  how- 
ever, little  used  in  Germany,  the  agricultural  system  in  that  country  seldom  allowing 
sufficient  time  during  the  harvest  for  conveying  the  potatoes  to  the  manufactory  from 
distant  parts  of  the  farm ;  the  potatoes  are  simply  buried  in  the  earth,  and  in  winter 
when  the  weather  permits  are  transported  to  the  manufactory  in  quantities  sufficient 
for  a  few  days. 

In  burying  potatoes  special  care  must  be  taken  that  they  are  sufficiently  protected 
from  frost,  which  may  be  secured  by  sufficient  warm  covering,  and  careful  reclosing 
of  such  pits  as  have  been  opened  but  Lot  emptied.  Should  any  potatoes  be  frozen, 
however,  for  the  manufacture  of  starch  it  is  better  to  use  them  in  the  frozen  state 
than  to  thaw  them,  as  t<his  renders  the  cells  soft,  and  the  membranes,  which  were 
before  impenetrable  by  the  sap,  allow  the  sap  to  escape  freely  through  them.  Such 
potatoes  are  but  incompletely  torn  in  the  rasping  machine,  and  since  starch  only 
escapes  from  open  cells  a  loss  of  material  is  occasioned.  When  frozen  potatoes  are 
worked  up,  the  teeth  of  the  rasping  machine  may,  perhaps,  suffer  a  little,  but  the 
proper  quantity  of  starch  is  extracted. 

Composition  of  Potatoes. — It  has  been  already  mentioned  that  the  starch  contents 
of  potatoes  is  infiuenced  by  a  number  of  circumstances ;  the  same  may  be  said  of  the 
other  constituents  of  the  potato.  For  this  reason  approximate  figures  only  can  be 
given  for  their  percentage  composition.  The  following  is  the  average  percentage 
composition  of  good  potatoes  : 

Water 74-00 

Starch 2000 

Epidermis,  cellulose,  pectose,  and  colouring  substances        .        .1*65 
Albumen  and  other  nitrogenous  substances         .  .        .2*12 

Fat    • Oil 

Sugar,  resin,  volatile  oil 1*06 

Salts  and  adi  constituents 1'06 

100*00 

The  amount  of  starch  in  different  sorts  of  potatoes  grown  under  equal  conditions 
varies  between  12  and  14  per  cent.;  although  the  fluctuation  is  not  so  great  in 
potatoes  of  the  same  kind  it  is  liable  to  considerable  variations.  For  this  reason, 
therefore,  it  is  important  that  the  starch  manufacturer  should  examine  the  potatoes 
to  be  used,  so  as  to  ascertain  their  quality. 

The  testing*  of  the  starch  contents  of  potatoes  is  based  upon  the  fact  that  starch 
has  a  considerably  higher  specific  gravity  than  water;  the  richer,  therefore,  the 
potatoes  are  in  starch,  the  greater  is  their  specific  gravity.  A  table  has  been  con- 
structed, showing  the  percentage  of  starch  in  potatoes  of  different  specific  gravities. 
The  determination  of  the  specific  gravity  is  accurately  accomplished  with  a  very 
simple  apparatus.  It  consists  of  a  glass  cylinder,  having  a  capacity  of  about  5  pints, 
the  upper  rim  of  which  is  ground ;  the  cylinder  itself  is  supported  upon  a  wooden 
foot.  The  foot  is  furnished  with  three  screws  for  bringing  the  cylinder  into  an 
exactly  upright  position.  The  volume  of  the  cylinder  up  to  a  certain  point  is  deter- 
mined once  for  all  by  measuring  with  water.  This  point  corresponds  with  the  length 
of  a  finely  pointed  brass  rod,  which  is  fastened  vertically  upon  a  small  brass  plate. 
The  cylinder  is  brought  into  a  perfectly  upright  position  by  means  of  the  screws  at  the 
foot,  so  that  the  bubble  in  a  water-level  laid  on  its  edge  shall  rest  exactly  in  the  middle. 
From  a  measure  graduated  to  cubic  centimetres  so  much  water  is  then  poured  in  as  to 
nearly  but  not  quite  reach  the  point  corresponding  with  the  length  of  the  brass  rod, 
which  should  be  previously  scratched  on  the  side  of  the  cylinder.    The  brass  rod  is 
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tfaai  mspeoded  in  the  cjlinder,  and  water  is  cuefolly  added  drop  hj  drop  matii  the 
point  of  the  rod  exactly  touchea  ita  image  reflected  on  the  snrfiMe  of  the  mater.  Am 
the  braae  rod  maika  an  inTariable  length,  the  expansion  throng  changes  of  tenqie- 
ntnre  being  too  inconsiderable  to  be  taken  into  consideration,  a  point  can  thvs  be 
flzed,  the  Tcdnme  of  the  cylinder  np  to  whidi  eonld  be  determined  bj 
oneefoT  alL 


In  mr.kinfi:  the  test,  about  fiye  pounds  of  potatoes  are  selected  iHiidi  ^iAj 
sent  the  arerage  of  the  bulk.  These  are  waned  perfectly  dean,  a  brash  being  used 
if  necessary,  then  dried  with  a  dean  doth,  and  the  weight  taken  in  grams.  They  are 
then  placed  in  the  empty  cylinder,  prerionsly  brought  perfectly  u^i^t,  and  watv 
added  until  the  sur&ce  eomee  exactly  into  contact  with  the  point  of  the  rod.  The 
quantity  of  water  used  will  be  less  in  proportion  to  the  larger  Tolume  of  the  potatoes. 


In  a  case  where  the  volume  of  the  cylinder  np  to  a  fixed  point  was  3,185  cubic  centi- 
metres, and  the  sample  of  potatoes  used  weighed  2,960  grams,  if  514  cubic  cnnti metres 
of  water  were  used  the  rolume  of  the  potatoes  used  would  be  3,185  —  514  «  2,671. 

2960 
The  specific  grsTity  of  the  potatoes  could  then  be  easily  calculated : 
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According  to  the  following  table,  which  is  based  on  numerous  experiments^  a  specific 
grsTity  of  1*108  would  correspond  with  20*61  per  cent  of  soudi  contents : 

Table  of  the  Average  Omtentt  of  Potatoee  mi  Starch  aeeordtHg  to  their 

Specific  Qreuftty, 


Specific 

Contoitsin 

Speciflo 

Gontentain 

^jedflc 

OontcDtiin 

Gnrtty 

Starch  per  cent. 

Ormrity 

Starch  per  oenL 

OiBTity 

Starch  p«  cni. 

1072 

12-22 

1*089 

16*11 

1*106 

2013 

1078 

12-45 

1090 

16*35 

1107 

20-87 

1074 

12  67 

1091 

16-58 

1108 

20*61 

1075 

12-90 

1-092 

16*81 

1*109 

20*85 

1076 

1312 

1093 

1705 

1*110 

21*09 

1*077 

13-35 

1*094 

17*28 

1*111 

21*33 

1078 

13*58 

1*095 

17-52 

1*112 

21-57 

1079 

1381 

1096 

17-75 

1113 

21*81 

1080 

14-04 

1-097 

17-99 

1*114 

2205 

1*081 

14*27 

1*098 

18*23 

1*115 

2230 

1082 

14-60 

1-099 

18*46 

1*116 

22*54 

1083 

14-73 

1-100 

18*70 

1*117 

22-78 

1*084 

14-96 

1101 

18-93 

1*118 

23*03 

1085 

15*19 

1102 

1917 

1*119 

23*27 

1086 

15*42 

1-103 

19-41 

1120 

23*52 

1087 

16-65 

1*104 

19*65 

1*121 

23*76 

1088 

15*88 

l*10/i 

19-89 

1*122 

24*01 

Potato  Disease. — The  spedal  malady  of  the  potato,  known  as  the  potato  disease, 
first  broke  out  in  the  United  States  in  1843 ;  two  years  later  it  made  its  appearance 
in  Europe,  and  rapidly  spread  oyer  the  Tarious  countries.  The  disease  is  Que  to  the 
penetration  and  growth  of  a  fungoid  parasite,  Perenoapora  i^festans  (the  Botrytit 
infesians  of  Montagne).  The  mycelia  of  this  fungus  penetrate  either  through  the 
fissures  in  the  plaut  or  directly  through  the  membrane  of  the  outer  cells,  and  spread 
with  extraordinary  mpidity  in  the  tissue,  where  they  fructify  and  throw  ofiT  myriads 
of  new  spores.  From  the  leaves  the  fungus  spreaids  over  the  stalk  to  the  tubn, 
where  it  impoverishes  the  cells  by  dissoIviDg  the  starch,  and  absorbing  the  remaining 
mineral  and  organic  substances.  In  this  condition  the  fungus  may  lie  dormant  in 
the  tuber  during  the  winter,  and  in  the  spring  seti>  up  a  fresh  growth.  But  ordinarily 
the  destruction  commenced  by  the  fungus  is  accompanied  by  a  putrefaction  whi(^ 
destroys  the  entire  tuber  and  very  frequently  the  fungus  with  it 

If  a  potato  only  just  attacked  be  cut,  brown  spots  can  be  seen  which  spread  from 
the  stalk,  where  they  are  most  developed,  to  the  extremity.  These  discolorations 
are  due  to  the  parasitic  vegetation  which  fills  the  tissues,  making  it  more  resistant 
and  less  transparent.  If  such  a  potato  be  boiled  for  four  hours  in  water,  the  parts 
that  have  not  been  attacked  by  the  fungus  appear  mealy  and  soft,  as  is  usual  with  a 
sound  potato ;  but  the  spotted  parts,  the  colour  of  which  is  intensified  by  the  boiling, 
become  firmer,  and  can  no  longer  be  crumbled  between  the  fingers. 

By  the  action  of  the  fungus  the  starch  is  dissolved  and  converted  into  oarbonio 
add  and  water,  whilst  the  albumen,  fat,  etc.  are  used  in  the  formation  of  tissue.  The 
disappearance  of  the  starch  can  be  recognised  by  the  naked  eye  in  a  very  thm  sectloo, 
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bub  it  can  be  made  more  eTident  by  boiling  such  a  section  in  water,  and  treating  it 
rith  an  aqueons  solution  of  iodine.  The  parts  yet  unattacked  are  coloured  intensely 
bine,  whilst  the  parts  in  which  the  fungus  occurs  is  not  coloured.  If  the  brown 
portion  of  the  boiled  tuber  be  removed  and  treated  for  several  hours  with  boiling 
irater  acidified  with  sulphuric  acid,  the  residue  remaining  after  drying  has  the 
lame  composition  as  has  been  observed  in  other  fungi,  containing  8*76  per  cent,  of 
aitzogen. 

'Die  disease  can  easily  be  communicated  by  contact  with  a  diseased  potato,  especi- 
ally to  freshly  cut  surfaces.  Diunug  the  preservation  it  readily  spreads  in  the  pits ; 
the  greatest  care 'is  therefore  taken  not  to  bury  potatoes  visibly  diseased  with  the 
Kmnd  ones.  Should  the  disease  break  out  in  uie  pit,  the  only  method  to  limit  the 
u^nry  is  to  work  the  potatoes  up  as  rapidly  as  possible,  as  the  loss  increases  from 
day  to  day.  Many  of  the  starch  granules  become  hollowed  out  by  the  fungus,  and 
set  up  a  fermentation  in  the  liquid.  This  fermentation  can  be  controlled  by  adding 
O'l  per  cent,  of  sulphurous  acid  to  the  liquid,  which  stops  the  agitation  in  the  liquor, 
and  &cilitates  the  settling  of  the  starch.  Such  potatoes  can  be  used  in  the  prepara- 
tion of  spirit. 

The  pulp  remaining  from  the  working  up  of  diseased  potatoes  may  be  used  with- 
out danger  as  fodder,  and  it  can  be  preserved  in  pits  without  decomposing. 

The  Preparation  of  Bread  is  in  general  extremely  simple;  but  it  involves  certain 
difficulties  if  the  object  be  to  obtain  a  spongy,  light,  well-flavoured  bread.  The 
ancient  art  of  bread-making,  which  in  manj  localities  is  still  practised  exactly  in  the 
same  manner  as  it  was  a  thousand  years  ago,  has  undergone  successive  improvements, 
and  already  in  some  places  has  taken  rank  as  a  large  industry,  being  earned  on  with 
improved  machinery.  It  is  not  possible  to  give  here  an  exact  description  of  bread- 
making,  since  many  modifications  depend  upon  the  habits  of  the  consumer,  the  raw 
materiiJs,  and  the  products  to  be  obtained.  Only  the  essential  points  in  the  manu- 
ibeture  will  therefore  be  noticed,  and  especially  some  of  the  numerous  improvements  in 
the  machinery  used. 

The  separate  stages  of  the  operation  by  which  fiour  is  converted  into  bread  are — 
the  making  of  the  dough,  kneading,  fermentation,  and  baking. 

The  making  of  the  dough  consists  in  a  uniform  saturation  of  the  flour  with  water. 
The  soluble  portions  of  the  flour,  i.e.  the  sugar  and  dextrin — the  proportion  of  which 
is  increased  by  the  action  of  a  peculiar  principle  (diastase)  on  a  portion  of  the  starch — 
the  albumen,  and  the  casein,  are  dissolved,  and  the  gluten,  by  the  absorption  of  water, 
oommenoee  to  swell.  Doush  kneaded  with  water  only  would  yield  a  close,  heavy,  dry 
bread.  But,  bv  the  addition  of  yeast,  fermentation  is  induced,  which  converts  the 
sugar  into  alcohol  and  carbonic  dioxide.  The  gas  evolved  increases  the  volume  of  the 
dough  and  induces  the  rising;  for  since  the  escape  of  the  gas  is  hindered  by  the  tough- 
ness of  the  gluten,  it  forms  smiedl  bubbles  wherever  it  is  evolved  throughout  the  dough, 
and  so  produces  the  sponginess  of  the  finished  bread. 

The  fermentation  of  the  dough  is  set  up  by  an  alcoholic  ferment,  beer  yeast  or 
pressed  veatit.  Beer  yeast  is,  however,  only  used  exceptionally  on  the  Continent^ 
because,  oy  the  addition  of  hops,  it  acquires  a  bitterness  which  it  communicates  to  the 
bread.  A  more  suitable  yeast  is  prepared  artificially  from  an  infusion  of  malt  in 
which  fermentation  is  set  up  by  the  addition  of  pure  yeast.  The  preparation  of  such 
artificial  yeast  is  subsequently  described  under  'Spirit  Manufacture.'  In  the  prepara- 
tion of  bread  yeast  is  not  always  added ;  but  a  portion  of  the  dough  in  which 
tementation  has  commenced  is  reserved  for  the  following  operation.  This  sour 
dough  is  then  added  to  the  fresh  dough,  and  being  rich  in  &rment  induces  fermenta- 
IJoti  in  the  whole  mass. 

If  sour  dough,  however,  be  allowed  to  stand  too  long,  not  only  alcoholic  but  lactic 
afdd  fermentation  is  set  up,  and  it  would  then  induce  the  same  process  in  the  bulk  of 
the  dough  to  which  it  might  be  added.  In  order  to  confine  this  secondary  fermenta- 
tion  wiUiin  the  requisite  limit,  care  must  be  taken  that  in  the  sour  dough  the  con- 
ditions most  favourable  to  the  alcoholic  fermentation  are  always  present.  This  is 
itfected  by  continually  adding,  at  short  intervals,  fresh  material  in  the  shape  of  fiour 
to  the  dough,  an  operation  which  is  known  as  reviving  the  sour  dough. 

The  sour  dough  from  previous  bakings  is  kept  in  a  moderately  warm  place,  at  as 
uniform  a  temperature  as  possible.  It  is  allowed  to  stand  for  seven  or  eight  hours, 
daring  which  time  it  gradually  increases  in  size,  and  gives  off  a  faint  alcoholic  odour. 
The  first  reviving  is  then  effected  by  kneading  with  it  sufficient  fiour  and  water  to 
bring  the  dough  to  double  its  former  volume;  but  no  more  water  is  used  than 
necessary,  in  order  to  leave  as  stiff  a  dough  as  possible.  After  about  six  hours  the 
Toliime  of  the  dough  is  again  doubled  by  a  second  reviving,  and  a  somewhat  larger 
qoantitv  of  water  is  added  to  soften  the  aough.  Finally  it  undergoes  a  third  reviving. 
The  additions  of  fiour  are  so  regulated  that  in  winter  the  sour  dough  contains  one 
balf  and  in  ennuner  one  third  of  the  entire  qnantity  of  fiour  to  be  nsc^ 
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When  bread  is  made  in  this  way  the  sour  dough  is  stirred  up  with  the  whole 
amount  of  water  to  be  used  in  the  baking,  and  kneaded  until  no  more  Inmpe  are 
perceptible  in  the  mass.  Flour  is  then  added  in  small  portions,  and  continually  and 
rigorously  kneaded,  nntil  the  whole  of  the  fiour  is  uniformly  distributed  throughout 
the  sour  dough.  The  dough  gradually  becomes  more  stiff  and  dry,  and  it  requires 
considerable  power  and  sloll  to  make  the  mixture  uniform.  Nowhere  in  the  mass 
must  any  dry  spots  remain,  since  they  would  be  found  as  lumps  of  flour  in  the 
finished  bread ;  whilst,  above  all,  the  sour  dough  must  be  thoroughly  distributed,  as  it 
is  only  by  actual  contact  with  the  remaining  dough  that  fermentation  takes  place. 
Another  object  is  attained  during  kneading  in  the  introduction  of  as  much  air  as 
possible  into  the  dough ;  this  air  upon  being  heated  expands  and  contributes  to  the 
sponginess  of  the  brrad.  During  the  kneading  salt  is  added.  This  is  either  strewed 
in  the  dry  state,  or  more  suitably,  in  order  to  secure  a  better  distribution,  dissolyad 
in  the  water  used  in  the  first  working  of  the  sour  dough.  The  quantity  of  salt  used 
varies  according  to  the  taste  of  the  consumer.  The  Parisian  bakers  use  about  1  part 
of  salt  to  300  parts  of  flour. 

By  the  addition  of  salt,  the  quality  of  bread  made  from  flour  of  which  the  glnten 
has  lost  some  of  its  plasticity,  is  considerably  improved.  Bread  prepared  from  sprouted 
com  with  but  little  salt  added  is  close  and  heavy.  But  by  using  3  parts  of  salt  to 
every  100  parts  of  snch  flour,  the  glnten  recovers  its  originad  elasticity  and  the  bread 
is  spongy  and  light.  A  sound,  nourishing  and  well-flavoured  bread  can  be  prepared 
from  a  mixture  containing  rye  flour  and  bean  meal,  if  2^  or  3  parts  per  100  of  salt 
be  added. 

The  dough  being  prepared,  it  is  divided  into  portions  corresponding  with  the  siae 
of  the  loaf.  On  an  average  1 15  or  1 16  parts  of  dough  yield  100  parts  of  bread ;  laige 
loaves,  however,  require  somewhat  less,  as  they  lose  pioportionallv  little  moisture  in 
baking,  and  small  loaves  more.  The  separate  loaves  are  then  lightly  powdered  with 
flour,  and  placed  in  the  neighbourhood  of  the  oven,  the  warmth  of  which  flavours  the 
fermentation.  The  fermentation  is  not  continued  longer  than  is  required  for  the 
rising  of  the  bread,  but  is  arrested  as  soon  as  the  requisite  point  is  reached  by  placing 
the  dough  in  the  oven.  If  the  dough  were  allowed  to  stand  longer,  the  carbonic  add 
formed  would  giadually  escape,  and  the  dough  would  sink  together;  further,  the 
alcoholic  fermentation  would  be  followed  by  the  acetic  fermentation,  and  a  badly 
flavoured  bread  would  result 

During  the  baking  various  changes  take  place  in  the  dough.  The  enclosed  gases, 
carbonic  acid  and  air,  are  increased  in  volume  very  considerably  by  becoming 
heated,  and  as  the  tough  dough  mass  does  not  allow  them  to  escape,  it  is  puffed  up 
and  increased  in  size ;  so  that  the  sponginess  of  the  bread  induced  by  the  fermentation 
is  still  further  increased  by  the  baking.  The  alcohol  formed  during  the  fermentation 
behaves  in  a  similar  manner,  being  converted  into  vapour  at  the  temperature  of  the 
oven.  The  starch  swells  in  contact  with  water  and  combines  with  it  at  a  high  tem- 
perature, and  the  previously  soft  moist  dough  becomes  Arm  and  dry.  By  the  strong 
radiated  heat  a  portion  of  the  starch  is  converted  into  dextrin ;  this  aissolves  in 
the  moisture,  and  upon  the  evaporation  of  the  latter  it  remains  as  a  close  shining 
crust  upon  the  top  layer  of  the  bread.  Lastly,  a  portion  of  the  dextrin  or  of  the 
starch  is  changed  into  yellow  or  brown  substances,  which  impart  to  the  crust  its 
characteristic  colour. 

According  to  M^e  Mouri^s,  the  internal  part  of  the  perisperm  of  tlie  grain,  and 
consequently  the  bran,  contains  a  peculiar  nitrogenous  principle  capable  of  acting  as  a 
ferment,  which  he  has  named  cercaline.  Like  diastase,  cerealine  has  the  property  of 
liquefying  starch,  which  is  converted  into  glucose  and  dextrin,  the  glucose  in  its 
turn  being  transfbrmed  into  lactic,  acetic,  butyric,  and  formic  acids,  which  partly  dis- 
solve the  gluten.  To  this  action  M^ge  Mouries  attributes  the  inferior  cohesion  of  the 
crumb  of  bread  made  from  meal  containing  bran,  and  its  colour.  In  order  therefore 
to  utilise  the  whole  of  the  farinaceous  substance  of  wheat  in  the  preparation  of  white 
bread,  he  proposes  to  remove  the  cerealine  before  sufScient  time  has  elapsed  for  it  to 
have  been  converted,  by  exposure  to  the  air  or  otherwise,  into  a  ferment.  At  first  he 
effected  this  by  submitting  about  20  per  cent,  of  the  groats,  after  the  removal  of  about 
70  per  cent,  of  fine  flour,  to  vinous  fermentation,  by  which  the  cerealine  was  destroyed. 
More  recently  he  has  adopted  the  plan  of  diluting  the  last  8  or  10  per  cent,  of  groats 
with  five  or  six  times  its  weight  in  water,  and  precipitating  the  cerealine  with  a  solu- 
tion of  common  salt. 

Although  the  rising  of  the  dough  and  the  resulting  sponginess  of  the  bread 
is,  as  a  rule,  produced  in  the  above  manner,  various  plans  have  been  sug- 
gested for  attaining  the  same  end  without  submitting  the  doiigh  to  the  process 
of  fermentation,  ^e  incorporation  with  the  dough  of  a  solution  of  bicarbonate 
of  ammonia,  which  is  subsequently  completely  converted  into  vapour  by  the  heat  of 
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ntuned  in  the  biekd.    The  prodaction  of  as  arolution  of  carbonic  anbjdride  hy  the 

admiiton  with  the  doagh  materiala  of  a,  certain  qnantit;  of  hjdiochloric  or  tartsrio 

acid  Knd  blovboDste  of  soda  hsi  also  been  recommeadsd.    Bnt  bread  mads  in  this 

WBj  irithont  fennentatioii  is  heary  and  dammj,  and  differs  in  maav  napects  front 

tanaaatai  bteod.    The  me  of  tsTtaric  odd,  with  the  ramlting  fbnnatioa  of  tannte  of 

nod*  in  the  brand,  ia  c^d  to  obTioni  objeedoiu. 

Ona  method  of  praparicg  an  nnf^rmented  bread,  invanted  by  Dangliah,  haa  how- 
arec  n«t  with  n  ceiUiD  amount  of  acceptatioD  in  thii  coimtr]'.  It  condsti  in 
kneading  the  flonr  and  lalt  in  water  chafed  with  cnibonic  anhjdride  nndai  a  pre*- 
«nra  of  ton  or  twelre  atom^btm*  in  a  eloMd  ?aiaal  k^  at  tha  una  psMDis. 
Vhsn  thit  kneading  baa  been  carried  fu  otongh  to  inpart  to  the  don^  me  requi- 
Bte  tenadtr,  the  prcemre  ia  removed ;  tiie  na  at  ooee  aeekt  to  racorar  ita  normal 
volume  and  in  doing  ao  taiaea  the  dough.  In  eonaeqaence  of  the  low  tampetMnre  at 
which  dough  tbna  prepared  ia  placed  in  the  oren,  and  the  faet  that  after  the  drat 
anddan  ezpanaon  it  nnderi^oei  a  alow  apringtng  dnriog  beating,  nntil  it  nachea  the 
boiling  point,  it  has  been  fonnd  neceaaarj  to  constrnct  a  special  OTen  far  its  baking. 
Thia  oven  ia  heated  throogb  the  bottom,  and  is  furaiahed  with  the  means  uf  regnlatjng 
the  heat  at  the  top.  The  bread  i>  cooked  through  the  bottom,  and  when  thle  i* 
aeail7  completed  the  top  heat  ia  applied  and  tlie  cmat  formed. 

Bakingoreni  are  conatnicted  ia  the  most  diverse  manner  and  for  diffsrant  kinds 
of  Aial.  The  limpieat  form,  wtucli  baa  obtaioed  fram  the  most  andant  dmee,  and  ia 
•till  rwj  much  osed,  conaiata  of  an  eihptical  hearth,  either  horiiontal  or  aloping  in 
front,  and  apanned  by  a  flat  arch,  the  front  opening  being  oaed  both  as  a  &e  door 
and  anu^  amnght.  The  oven  is  heated  by  kindling  a  fire  of  wood  or  eoala  npon  the 
haartb.  freth  additiona  of  ftiel  being  nude  nntil  the  required  tempemnre  ia  attained. 
The  fW  ia  then  withdrawn,  and  the  oven  being  porided  fnim  the  oahea,  it  ia 
rtmiy  tar  the  raecptioa  of  the  bread. 

llie  oven  ordinarily  need  by  bakera  in  London  is  ahown  in  figa.  661  (longitadinal 


Fie.  607. 
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ia  the  body  of  the  oven  ;  b,  the  door, 

_-  _        ,    -   — ;  «,  the  fine  above  the  doortocorry 

off  thaataamsnd  hot  air  when  wtthdiawing  the  bread;/,  recess  below  the  door,  forre- 
Clivii^the  dnat;  g,  damper  plate,  to  shnt  off  the 
Neam  fine  ;  k,  damper  plate  to  shut  off  the  smoke 
loe  ;  ■',  aniBll  iron  pan  over  the  flreplace  for  heat- 
ing water ;  i,  aahpiL  The  flame  and  hot  air  from 
the  Am  (e)  aweep  along  the  right-hand  side  of 
tbeoven  la  the  hack,  by  which  they  ore  refiected 
to  the  left-band  aide  and  thence  escape  intii 


tt*  fire  ia  withdrawn,  the  flaea  closed  by  the 
^mptt  T^ate,  and  the  dough  introduced. 


..^  .dcent  timee  many  improvementa 
Bsan  made;  the  dongh  is  kneaded  by  machi 
«ad  of  by  hand  Lebonr,  and  the  old  oven  has 
B  altraed  in  many  vaj;  All  Uiaae  imfsove- 
ita,  however,  have  hitherto  been  bnt  little 
Some  of  tbe  more  important  alterations 


^**>iiH  aw  the  following :- 


Fio.  S69. 
1  the  appaiatna  tar  kneading  and 
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Hont's  knaadiog  mftehine  ia  repn>eat«d 

MloDg  iron  cfliiider  (l  b,  Bg.  670),  divided  id 

Fid.  S70. 


1  figs.  670  and  671.    It  co 

3  portioiiB  bj  a.  partition. 
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■haft  (a.  flg.  671),  pro- 
vided with  iroa  wni; 
(a.  h).  The  lidM  of 
the  cflinder  are  alio 
fhruiriied  irith  aiinilar 
arniB  {d  i),  which  an 
BO  arranged  that  when 
tha  cjlinder  i*  aat  in 
motion  the;  pM*  be- 
tween the  arml  of  the 
'  shaft.  The  ejlindet 
can  he  clowd  by  a 
binged  corer.  Soinr 
dough,  flonr  and  wat«r 
are  placed  in  both  the 
compartmenta  (a  a), 
and  the  cjlindar  ii 
eaiued  Ut  make  taai 
rerolntione  per  min- 
ute duiing  eightMB 
miDnt«a,  by  the  end 
of  which  time  the 
kneading  is  completad. 
Ad  automatic  me^ia- 
Diem  regietsim  the 
number  of  leroliitiDne, 
nnd  upon  the  eoniple- 
tion  of  each  thirtj-eii  ravolutiona  gi*es  a  signal  on  the  bell  (c).  Tho  cylinder  is  set 
in  motjoo  by  taming  the  handle  (f),  which  is  faal«ned  to  an  axis  upon  which  are 
also  a  flywheel  (o)  and  a  pinion  (i).  The  pinion  works  in  a  large  cogwheel,  which 
being  connected  vith  the  cylinder  causes  ita  revolution  upon  the  shaft  (a).  Whes 
■team  pover  is  nvsilable  it  ie  applied  by  meani  of  the  driTing-wheela  (h).  When  the 
kqeading  is  completed  the  cover  of  the  cylinder  is  raised  by  means  of  two  crads, 
which  are  wound  on  two  drums  (m  li)  connected  with  a  shaft  (■.)  that  is  set  in  motion 
bj  a  handle  (l). 

A  similar  machine,  io  which  tlie  arms  do  not  stand  opposite  to  the  axis,  bat  are 
bent  spirally,  has  been  constructed  by  Boland.    It  requires  the  applici  ' 
what  mot^  power  than  the  preceding,  but  yields  a  dough  more  closely  re 
kneaded  by  hand. 

Machine-made  dough  has  the  disadTantaga  of  i«qniriDg  a  longer  time  to  fermeat 
than  that  kneaded  by  hand,  but  thie  may  be  overcome  b;  the  addition  of  a  little  more 
ft>eeh  or  yeastiOrincreMing  tie  quantity  of  sour  dmgb.  Asb  role  only  half  the  finished 
dough  is  Dsed  in  a  baking,  the  other  half  beingretained  as  ferment  forthe  following  batch. 


Fw.  671. 


mbling  that 


Rollnnd's  kneading  machine  differe  from  the  fbregoing,  as  the  trough  i«  statlonaij 
whilst  the  kneading  mechanism  rotates.  It  isnpiesented  in  horizontal  secticn  bv 
fig.  072,  and  inrertical  section  by  fig.  678.  The  trough  (mho)  ia  Bgrni-OTlindiical, 
the  side  tnwnrdg  which  the  taming  takes  phtce  being  higher  than  the  other,  uie  tcoogk 
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Dot  boing  dosed.  Tba  two  end  pieces  (M  it)  ue  atraight,  ood  mppoit  the  shaft  (b)  of 
the  kneading  machiaerj.  This  consists  of  an  iran  plate  bent  into  the  shape  of  sn  S 
(dif),  and  seventl  timee  divided,  gifiog  rise  to  a  namb«r  of  altsniatel;  long  and 
■hort  arme  by  which  the  kneading  of  the  dangh  is  eflfbct«d.  The  apparatus  is  set  in 
motiaii  bj  the  large  cogwheel  (c)  working  in  a  snull  one  on  the  ehait  (b),  the  powsr 
being  applied  through  Ute  handle  (l')  and  regulUed  b;  ths  fljwbeel. 


Flo.  ST4. 

(01^  Uut  inrn  in  bearings  at  e.  A  rsTolving  fnne  (/)  ntpported  in  the  interior 
of  the  cylinder  by  ailes  (^h).  The  ends  of  this  i«vol ring  ^me  are  braced  togetbei. 
by  obliqne  entCen  or  braces  (i  i  i)  that  act  upon  the  dongh  when  the  machine  it  pnt  in 
motion,  and  effect  the  operation  of  kneading.  The  cylinder  may  be  mads  to  rotate 
vithont  the  internal  frame,  ar  the  frame  vichont  the  cylinder,  or  both  may  be  made 
to  revolTe  at  the  earns  time  but  in  opposite  direction*  ;  the  respectire  motions  being 
obtained  through  the  gear  wort  [ilm). 

An  Amarican  kneading  machiiie  conaiets  Msentially  of  a  spiral  arrangement,  re- 
sembling a  large  corkscrew,  working  in  a  cylinder,  by  which  the  dough  is  worked  np 
and  finally  pushed  out  well  kneaded. 

Perkins's  hot-water  oren  is  heated  by  means  of  japes  fnll  of  water,  hermetically 
closed,  bot  with  anfficienC  space  for  eipansion  of  the  water  within  the  pipes.  The 
onUr  port  is  built  of  brickwork  made  rary  thick  in  order  to  retain  the  heat     The 


Fio.  6T9. 


internal  snrface  of  the  oven  (i)  is  lined  with  wn>nght-iron  pipes  of  1  inch  eit«rnal 
and  tth  of  on  inch  internal  diameter,  which  are  eonaect«d  by  tbe  flow  pipe  (c  c)  villi 
a  coil  of  pipe  (n)  in  the  fnrnace  (&)  ;  the  coil  has  such  a  relative  proportion  of  ■ortaee 
to  that  of  Ule  pipes  in  the  oven  as  to  allow  of  the  temperature  being  raised  to  398" 
tad  no  higher.  The  temperature  is  maintained  exactly  constant  by  Uie  eipaasion  or 
contraction  of  a  pipe  (c)  which  acts  npon  three  levers  contained  in  the  n^lating 
box  (J  i),  sapported  by  the  iron  bar  (i).  The  Umperatnre  is  regulated  by  the  odjnst- 
meiil  of  a  movable  nut  (l)  St  the  boilom  of  the  expanding  pipe,    ^e  least  n 
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ID  tha  UmperatuzB  of  the  inter  in  the  pipw  ia  mfBcisnt  to  sipand  <a  cootnet  tli* 
pipe  (o),  iroich  at  ODce  acts  upon  the  leTers,  and  theae  Taise  or  depnos  the  sOai^ 
rod  (i.)  and  open  or  close  the  damper  (m)  of  tha  farziace.  F  ii  the  retain  bot-watar 
pipe ;  <i,  door  of  the  oreo ;  a,  fine  for  the  aacape  of  vapour  from  the  ovaa ;  x,  an  iudiU 
of  the  temperature  in  the  pipes. 


Qronvelle  and  Moai 
bj  Lemaire  and  Jamtel, 

lon^tudinal  and  trans  vara 


;hot  B  oven  — This  oven,  which  wu  onguwllj  oonibiKttd 
but  unproved  bj  Qroavelle  and  Uonchot,  ia  dMwn  in 
g  section,  bj  figs.  S76  and  577.     Coke  or  coal  e«n  be  nti 


Tct  the  heating  of  ttui  oveo.  and  it  isbnmt  in  a  flie  grate  (a)  sepnrate  ftom  tJiabeaMb. 

Ibe  oven  is  brated  both  by  tsdiat«d  beat  and  b;  cocrents  of  hot  air.    Tha  takiog 

beartb,  with  its  arch,  is  ebown  at  rr.    Tbe  Are  space  (a)  is  divided  in  tka  niddle  I7 

kklan,  m  that  tlie  under  portjoa  {j  }  fornui  an  aab-pit.     The  prodncts  of  combnstica 
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eircol&te  in  a  Miiea  of  flnei  {ee),  imparling  theii  hnt  to  the  aola  of  the  otkIi  and 
flueJlj  pauing  into  tlie  chjmne;.  Sariug  Che  baking  the  otsq  u  entirely  doMd  in 
oiilsr  to  keep  up  a  regular  drcolatian  of  the  air.  In  proportion  aa  the  air  in  tile  artax 
becomes  cooler,  hr  narting  vith  it«  haat,  and  apedfleallj  bekvier,  it  niika  tlnoogli « 
number  of  pipee  {60)  into  a  tjttam  ot  arcbee  (bb)  diitributed  round  the  fire.  After 
passing  through  these  arches  and  becoming  rdieatetl,  it  passes  upvards  through  aa 
and  enteis  tbo  Bubs  (i  ■)  Immediat«lj  orer  the  fire,  when  it  ie  raised  to  the  blgheet 
temperature,  and  then  posses  into  the  OTan.  The  drcuiation  is  lepC  up  continually, 
so  that  an  iucessact  current  of  hot  air  flows  into  the  oven.  Thia  orea  presents  the 
sdiantagB  of  great  cleanlineaa,  aa  it  yialds  a  bread  the  crust  of  which  is  never  con- 
baminaled  b;  ash  or  cinden;  it  allows  of  the  use  of  coal,  which  is  cheaper  than  wood; 
flnallj,  the  operations  can  be  carried  on  coatinuoufQy,  as  the  heat  of  (he  oven  can  be 
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Fig.  678  represfluts  a  ground  plan  of  a  b«kehonM  in  which  such  ovenii  are  used : 
the  ovens  (A  b)  are  separated  by  a  space  («)  common  to  the  two  OTens,  into  which  the 
hot  ur  passes.     The  kneading  machine  (c)  Is  dtiTen  tiy  otachinery  in  Che  chamber  (/). 

Lespinasse'a  OTen  resembles  the  ordinary  oven  in  which  the  heating  matsri^ 
is  burnt  upon  the  hearth  of  the  oven  itself;  but  differs  from  it  in  the  air  dranght  not 
entering  through  the  month  of  the  oven,  bnt  through  a  flue  lying  under  the  hearth,  so 
that  only  air  already  considerably  hented  enters  the  oven.  The  smuke  also,  instiiad  , 
of  saomng  through  the  mouth  of  the  oven,  passes  into  a  chimney  through  a  flue 
situated  over  the  areh.  Thia  oven  ia  nanally  henlad  with  beech  or  poplar  wood,  or 
some  other  wood  burning  with  a  strong  clear  flame;  oak  and  deal  have,  however, 
been  nsed  with  advantage.  About  oDD-third  of  the  cost  of  the  comhustibleB  am  be 
recovered  in  the  value  of  the  charcoal  prodnced.  As  soon  aa  the  oven  has  reached  a 
temperature  of  about  200°  this  ia  withdrawn  into  closed  vesBele,  where  it  is  allowed 
to  cool.     The  hearth  ia  then  cleAUsed,  and  the  dough  introduced. 

Bolland's  Oven.— Tbe  principle  of  Ihie  oven  )*  essentially  diSbrent  from  that  of  all 
others.  The  baking  hearth  is  formed  of  iron  plates  suppOTted  upon  an  iron  frame- 
work, and  is  covered  with  glazed  tJlea.  It  is  not  stationaiy,  but  can  be  revolved 
honiontallj.  In  order  to  set  the  hearth  in  niotioQ  it  is  connected  with  a  Tevolving 
shaft  aboot  6  feet  long,  passing  under  the  oven  and  having  at  its  end  a  small  conical 
cogwheel  working  in  a  spur  wheel ;  the  shaft  i*  rotated  by  meuia  of  a  handle,  liie 
abaft,  and  with  it  the  hearth  of  the  oven,  can  be  rused  or  lowered  at  pleasnrs,  the 
socket  In  which  it  rests  being  prolonged  beneath  into  a  screw  worked  by  mean*  of  a 
lever.  The  heating  ia  effected  by  passing  the  combustion  prodacts  of  a  ftimace  into 
inn  heating  pipca  situated  under  the  movable  hearth,  and  lesting  upon  a  bed  of  brick- 
work sloping  slightly  npwnrds  from  the  furnace.  The  heating  pipes  open  into  vertical 
flUBS  from  which  the  hot  air  from  the  famace  is  coadoctad  into  a  compartment  eon- 
stnctod  of  iron  plates  and  situated  above  the  baking  space.  The  upper  snr&ca  of  this 
il  covered  with  a  layer  of  non-conducting  materials,  such  as  ashes ;  whilst  from  the 
Slider  mrtnce  the  heat  radiates  freely  into  the  oven.     Tlie  oven  has  thprefort  saseP' 
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zuHj  th»  ooDBtnictioD  of  a  muffle,  sll  connsction  botvsaa  the  iniMir  apacs  Mid  tha 
heating  space  Hnd  the  pnxlnets  of  combunion  being  cut  off. 

The  oTsn  can  be  halted  either  inth  coal  or  wood.  Id  the  flnt  case  than  U  tiw 
fln  ipacs  with  its  grate,  and  oudcr  this  a  room;  wb-pit.  Wben  wood  ic  osad  IIm 
bUing  ehaicoal  is  caught  inachaicoal  eatinguBheT  (b)  placed  nndar  the  flia  me* 
(flg.  679). 

Aa  the  ehaicosl  erombles  off  from  the  bonung  wood  it  UU  throngti  tba  widelj- 
pUcad  ban  of  the  grate  into  a  shallow  hopper  (d),  and  boni  thenoe  into  the  fnuiu- 
skapad  head  (o)  of  the  eitingniahsr  (a).    Tma  hapd  is  eloaul  bj  a  tiap  springing  ftoB 
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ths  inside  and  balanced  bj  a  weight.  As  soon  as  snfficient  charcoal  has  eollacted  is 
the  head  toorerbtdaacs  Uiia  weight,  the  trap  opens, allows  the  charctnl  totaU  into  tlu 
eitingnisher,  and  tbeu  doaea  agun  immsdintel;,  so  that  the  glowing  embeis  are  [>•■ 
serred  from  contact  with  the  air. 

The  introdnction  of  the  dongh  to  be  baked  into  the  oven  is  eaaily  effected.    Tbi 

Cion  of  the  hearth  opposite  the  month  of  the  oran  (flp.  HBO)  is  first  cohered  will 
M.  and  then  by  meanB  of  the  handle  (u)  the  beartE  is  rotated  nntil  the  spset 
opposite  the  month  is  again  cIsHr  ;  this  is  in  its  turn  covered  with  bread,  and  tit 
'  n  is  repeated  nntil  the  hearth  is  fall  (flg.  681).    The  OTen  is  emptiadinl 


Fia.  seo.  Fta.  681. 

rimitar  manner,  the  portion  of  the  hearth  first  covered  being,  after  the  complste  rere- 
inUon,  again  oppaaite  the  month  of  the  oven,  so  that  the  bread  flnt  put  in  pwsisf 
itself  flnt  for  removal.  During  the  opemtion  the  progreaa  of  the  taking  an  be 
obaerred  through  an  opening  covered  vitb  glass,  the  oreu  being  lighted  np  with  p» 
or  otherwise ;  in  the  arent  of  an;  irregularity  of  t«mpor>tiire  beecming  iimiihst.  it 
«n  be  oTttcome  by  rotation  of  the  hsarth. 
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faeture  of  Macaroni  and  Vermicelli. — The  flour  paste  which  comes  into 
» under  Tarions  forms  and  names  is  prepared  from  wheaten  flour  Terjr  rich  in 
kneading  it  with  comparatirely  little  hot  water,  and  pressing  the  8tiff  dough 
»e8.  The  beet  vermicelli  is  made  in  Italy,  from  a  hi^  wheat  which  is  not 
)  a  fine  flour,  but  worked  as  grit.  34  parts  of  grit  are  kneaded  with  10  to 
of  boiling  water  into  a  perfectly  homogeneous  dough,  and  then  pressed,  the 
ig  about  30  parts  of  dry  vermicelli. 

>  manufacture  of  vermicelli,  the  gluten  from  the  starch  manufacture  can  be 
.  great  advantage  by  adding  it  to  flour  poor  in  gluten.  A  product  not  inferior 
)t  Italian  manufacture  can  be  obtained  by  using  30  parts  of  ordinary  flour, 
>f  fresh  gluten,  and  5  to  6  parts  of  boiling  water,  the  yield  being  about  80 
he  vermicelli  thus  prepared  is  nourishing,  and  when  boiled  softens  without 

f* 

ler  to  prepare  a  really  white  vermicelli,  some  manufacturers  replace  a  portion 

ur  by  potato  starch ;  but  the  improvement  is  onl^  in  the  outer  appearance, 

account  of  the  deficiency  in  gluten,  the  product  is  less  nourishing  and  has 

vantage  of  losing  its  consistency  when  boiled.    By  the  addition  of  a  corre- 

quantity  of  wheat  gluten,  however,  a  good  vermicelli  can  be  prepared  with 

ur. 

ling  to  Martin  a  good  vermicelli  can  also  be  prepared  from  rice  flour  by  the 

sf  wheat  gluten ;  50  parts  of  fresh  gluten  and  100  parts  of  rice  flour  being 

ito  a  dough  with  10  part«  of  boiling  water. 

Qsequence  of  the  necessary  stifiness  of  the  dough,  the  working  of  it  cannot 

feeted  by  hand  or  with  the  ordinary  kneading  machines.    A  special  kneading 

led,  one  end  of  which  is  fastened  by  a  ring  to  the  wall.    With  this  kneading 

ich  is  shaped  like  a  knife  at  one  end  for  the  purpose  of  cutting  the  dough 

ded  at  the  other,  the  dough,  after  being  prepared  as  far  as  possible  by  the 

rorked  until  no  further  traces  of  flour  are  visible. 

shine  for  the  working  of  this  stiff  dou^h  is  represented  by  fig.  582.    It  con- 

corrugated  metal  cylinder  (a),  which  is  rotated  at  the  same  time  on  its  own 
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in  a  circular  direction  by  the  shaft  (c),  thus  working  up  the  doogh  (d)  in  the 
\  It  is  usefhl  to  connect  with  the  shaft  (c)  a  shovel  or  ploush,  whicn  follows 
er  (a),  and  turns  the  dough  after  it  has  been  pressed  together,  i  is  a  front 
.  segment  of  the  cylinder,  showing  the  oormgation.  In  the  manufactory  at 
ibout  170  lbs.  of  flour  and  6  gallons  of  water  are  mixed  at  each  opezation, 
led  by  such  a  machine  into  dough  in  20  or  25  minutes. 


I 
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metal  lid  (b),  and  prened  (mt  in  tbe  proper  ehnpe  thnmgh  the  holea  U  Uie  bottom, 
tha  premure  being  applied  by  the  piBton  (c)  m  connection  wilh  the  hydraulic  pna 
(lb).  To  fill  tbe  preuing  cyUnder  (c)  the  pump  cylindei  (n)  IB  raised— afl«r  the 
emptying  of  the  pump — by  meaoB  of  pulleye  and  balasee  weighta  (c  c).  Ihe  pistca  (c) 
\b  removed,  and  the  dough  introduced.  The  lower  part  of  the  pressing  cylinder  ii 
Gurronniled  by  a  jacket  in  vhich  steam  circulates  in  order  to  keep  the  i£iu^  hot 
during  the  preesing.  The  CiireadB  of  vermicelli  isBuing  ii«iii  the  cylinder  are  impidl; 
cooled  on  the  surface  by  a  powerful  current  of  air  issuing  from  the  ventiUlor  (i), 
which  prevents  them  ^m  adhering  together.  When  thej  reiuh  a  length  of  abonl 
3  feet  [hey  are  cut  off,  laid  upon  acreena,  and  carried  into  the  drying  room,  whoa 
women  cut  the  large  piecee  into  smaller  ones,  lolt  them  together,  and  place  tham  on 
ecieenB  covered  with  paper  in  tbe  drying  oven. 

For  the  preparation  of  tnAcaroni  the  bottom  plate  ia  replaced  by  one  haTing  larga 
circular  openings  provided  with  a  mandril,  which  gives  to  the  dough  pasning  thronih 
the  shape  of  a  hoflov  pipe.  The  pipes  are  then  hung  on  round  rods  and  dried.  Id 
the  prepanition  of  macaroni,  therefore,  CHre  must  be  taken  to  naea  flour  that  will  yield 
adoughsufBcientlytenHciouBlo  bear  this  treatment,  or  the  pipes  will  be  broken  throng 
their  own  weight.     Th'^e  bobom  plates  are  shown  in  figs.  SB6  and  687. 

In  the  prepsmtion  of  reirnicrlli  muuliled  Into  different  sfaapei — BDch  W  ttan. 
CTOBSes.  wheels,  rings,  etc.— a  similar  press  is  used,  but  differing  IB  being  horimilal 
inst«Hd  of  upright.  As  shown  in  fig.  SS6  a  is  the  pnvsiug  shaft,  B  the  eyliadrial 
hydnulic  pump  by  which  the  shaft,  supported  by  the  roUer  (o).  ii  driveu  fonmd  iolo 
the  flUed  pTtwring  ejlicdar.    In  tne  botiom  plate  are  openings  r^trttfoLiiLg  to  tlu 
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Ifffv  of  Macaroni  and  Vermicelli. — The  flour  paete  which  comes  into 
der  various  forms  and  names  is  prepared  from  wheaten  flour  very  rich  in 
fading  it  with  comparatively  little  hot  water,  and  pressing  the  Rtiff  dough 
The  best  vermicelli  is  made  in  Italy,  from  a  hi^  wheat  which  is  not 
fine  flour,  but  worked  as  grit.  34  parts  of  grit  are  kneaded  with  10  to 
x>iling  water  into  a  perfectly  homogeneous  dough,  and  then  pressed,  the 
bout  30  {Mirts  of  dry  vermicelli. 

inu&cture  of  vermicelli,  the  gluten  from  the  starch  manu&cture  can  be 
)At  advantage  by  adding  it  to  flour  poor  in  gluten.  A  product  not  inferior 
talian  manu£u:ture  can  be  obtained  by  using  80  parts  of  ordinary  flour, 
resh  gluten,  and  5  to  6  parts  of  boiling  water,  the  yield  being  about  30 
vermicelli  thus  prepared  is  nourishing,  and  when  boiled  softens  without 

to  prepare  a  really  white  vermicelli,  some  manufacturers  replace  a  portion 
by  potato  starch ;  but  the  improvement  is  onl^  in  the  outer  appearance, 
mnt  of  the  deficiency  in  gluten,  the  product  is  less  nourishing  and  has 
tage  of  losing  its  consistency  when  boiled.  By  the  addition  of  a  corre- 
intity  of  wheat  gluten,  however,  a  good  vermicelli  can  be  prepared  with 

i;  to  Martin  a  good  vermicelli  can  also  be  prepared  from  rice  flour  by  the 
rheat  gluten ;  50  parts  of  fresh  gluten  and  100  parts  of  rice  flour  being 
9k  dough  with  10  parts  of  boiling  water. 

|uence  of  the  necessary  stifihess  of  the  dough,  the  working  of  it  cannot 
ed  by  hand  or  with  the  ordinary  kneading  machines.    A  special  kneading 

one  end  of  which  is  fastened  by  a  ring  to  the  wall.    Witn  this  kneading 
is  shaped  like  a  knife  at  one  end  for  the  purpose  of  cutting  the  dough 

at  the  other,  the  dough,  after  being  prepared  as  far  as  possible  by  the 
Led  until  no  farther  traces  of  flour  are  visible. 

le  for  the  working  of  this  stiff  dough  is  represented  by  fig.  582.  It  con- 
TUgated  metal  cylinder  (a),  which  is  rotated  at  the  same  time  on  its  own 
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I  circular  direction  by  the  shaft  (c),  thus  working  up  the  dough  (d)  in  the 
It  is  usefhl  to  connect  with  the  shaft  (c)  a  shovel  or  plouffh,  whicn  follows 
(a),  and  turns  the  dough  after  it  has  been  pressed  together,  i  is  a  froot 
pnent  of  the  cylinder,  showing  the  oormgation.  In  the  manufitctory  at 
at  170  lbs.  of  flour  and  6  gallons  of  water  are  mixed  at  each  opeiatioD, 
by  such  a  machine  into  dough  in  20  or  25  minutes. 


DEXTRIN. 

OcouiTenoe. — ^Dextrin  is  widely  distributed  in  the  sap  of  Tarions  plants. 

Cbaraoters. — Dextrin  is  soluble  in  water  and  dilute  alcohol,  but  insoluble  in 
strong  alcohol.  It  has  the  same  percentage  composition  as  starch  and  cellulose. 
When  quite  pure  dextrin  is  not  coloured  bj  iodine,  and  the  brownish  red  coloration, 
sometimes  observed  upon  treating  solutions  of  dextrin  with  iodine,  is  due  according 
to  Payen  to  the  presence  of  unaltered  starch.  Dextrin  resembles  in  many  respecti 
gum ;  consequently  it  can  be  employed  for  many  purposes  in  the  place  of  gum,  and 
Uiis  &ct  has  led  to  its  production  on  a  large  scale.  Dextrin  and  gum  are,  nowerer, 
chemicaUy  different ;  the  former  does  not  yield  mucic  acid  by  oxidation  with  nitrie 
acid. 

Vrepftratlon. — Chemically  pure  dextrin  is  prepared  by  heating  staidi 
with  dilute  hydrochloric  acid,  until  the  liquid  when  treated  with  a  solution  of 
iodine  assumes  a  claret  colour.  The  cooled  liquid  is  then  treated  with  strong  alcohol 
until  a  flocculent  precipitate  begins  to  be  deposited.  This  flocculent  precipitate  contaioi 
the  unchanged  starch,  which  is  not  soluble  in  alcohol  and  is  filtered  off.  To  the  dear 
filtrate  alcohol  is  again  added  until  the  precipitate  formed  ceases  to  increaae  upoD 
further  addition  of  alcohol.  The  precipitated  dextrin  is  then  filtered  off  and  warned 
with  alcohol  upon  a  filter  to  remove  grape  sugar.  Dextrin  thus  prepared  is,  however, 
still  not  ^uite  pure ;  it  requires  to  be  again  dissolved  in  water,  precipitated  and 
washed  with  alcohol,  this  operation  being  repeated  several  times  until  a  product  is 
obtained  which  does  not  reduce  an  alkaline  solution  of  cupric  oxide.  On  the  laige 
scale  dextrin  is  generally  obtained  either  by  heating  starch  or  by  treating  it  with 
dilute  acids.  As  obtained  by  the  former  method,  dextrin  is  always  yellow  or  brown 
in  colour,  while  it  may  be  obtained  almost  colourless  by  the  latter  method. 

In  preparing  dextrin  by  roasting  starch,  an  oven  is  employed  capable  of  being 
heated  by  hot  air.  The  dry  starch  is  exposed  to  heat  in  thin  layers  in  trays.  The 
air  is  heated  by  passing  through  fines  berore  entering  the  oven.  The  starch  giada- 
ally  becomes  yellowish  brown,  and  is  converted  into  dextrin,  which  is  for  the  most 
part  soluble  in  water. 

The  regulation  of  the  temperature  in  this  operation  is  somewhat  difficulty  and 
therefore  some  manufactories  employ  a  copper  cylinder  placed  in  an  oil  bath,  which 
is  kept  at  a  constant  temperature  of  210°.  The  starch  is  placed  in  the  <^linder, 
which  is  furnished  with  a  stirrer,  so  as  to  continually  bring  fresh  portions  of  staich 
in  contact  with  the  heated  surface.  By  this  means  starch  is  converted  more  com- 
pletely and  rapidly  into  dextrin  than  in  the  oven  above  described. 

By  treating  starch  with  a  very  small  quantity  of  acid,  nitric  acid  being  best  for 
the  purpose,  its  conversion  into  dextrin  is  effected  much  more  easily  at  a  low  tem- 
perature, a  white,  friable,  and  very  soluble  product  being  obtained.  For  this  purpose 
Payen  recommends  the  following  procedure :  2  lbs.  of  nitric  acid,  sp.  gr.  1*310  to  1*360, 
are  mixed  with  300  lbs.  of  water  and  1 ,000  lbs.  of  starch,  the  whole  being  carefully  mixed 
and  dried  in  the  open  air.  As  soon  as  the  mass  is  dry  enough  to  admit  of  being  broken 
in  pieces,  it  is  beaten  into  cakes,  from  4  to  5  inches  thick,  with  a  flat  instrument,  and 
heated  in  the  shallow  brass  boxes  above  described.  The  conversion  of  the  starch  into 
dextrin  takes  place  at  a  temperature  between  110°  and  120°  within  2^  hours.  When 
the  temperature  of  the  oven  does  not  exceed  100°,  4  hours  are  necessary;  at  a  tem- 
perature of  130°  the  conversion  is  complete  in  30  or  40  minutes. 

When  the  conversion  of  the  starch  is  complete,  the  boxes  are  emptied  into  shallow 
briokwork  vessels,  where  the  dextrin  cools  and  is  then  ready  for  the  market.  It  is 
packed  in  well-dried  casks,  secured  with  iron  bands,  and  linea  internally  with  paper 
•atu^ted  with  turpentine  so  as  to  keep  out  dust 

Dextrin  prepared  by  treating  starch  with  acid  is  pulverulent  and  has  the  appear- 
ance  of  starch ;  it  is  almost  as  white  when  the  temperature  has  not  been  high.  A  still 
better  and  whiter  product  is  obtained  by  using  hydrochloric  instead  of  nitric  arid. 
For  this  purpose  500  lbs.  of  starch  are  moistened  with  a  mixture  of  1  lb.  hydrochlori: 


MANUFACTURE   OP  DEXTRIN.  801 

aeid  and  125  lbs.  of  water.  The  mixture  is  kept  in  an  oven  at  a  temperature  between 
55**  and  60°  for  48  hours,  in  order  to  dry  it  completely ;  and  then  it  is  heated  for  4 
horns  to  a  tempeniture  of  110°  or  120°.    In  this  case  zinc  boxes  are  used. 

White  dextrin  is  also  obtained  by  using  sulphuric  acid.  The  acid  is  diluted  with 
water  in  the  same  proportions  as  above,  and  is  most  conveniently  mixed  with  the  starch 
in  a  kneading  machine.  In  using  sulphuric  acid  the  temperature  need  not  exceed 
45^  or  50°.  The  boxes  in  which  the  mixture  is  placed  in  the  oven  may  in  this  case  be 
made  of  iron.  The  conversion  of  the  starch  and  the  solubility  of  the  product  obtained 
f  8  in  proportion  to  the  amount  of  aeid  employed. 

Dextrin  may  be  obtained  in  the  wet  way  by  using  diastase  or  malt  extract ;  the 
product  thus  obtained  always  contains  some  sugar.  For  many  purposes  dextrin  con- 
taining sugar  is  preferable. 

To  prepare  dextrin  by  means  of  diastase,  an  infusion  of  malt  is  heated  to  75^  and 
mixed  with  starch  as  lorg  as  this  is  dissolved,  the  temperature  of  the  mixture  being 
maintained  meanwhile  by  passing  into  it  a  sufficient  quantity  of  steam.  The 
point  of  complete  change  of  the  starch  is  ascertained  by  means  of  iodine,  for  which 
purpose  a  small  quantity  of  the  liquid  is  treated  with  a  drop  of  aqueous  solution 
of  iodine.  So  long  as  a  blue  coloration  is  observed,  unaltered  starch  is  present ;  but 
when  the  liquid  assumes  a  claret  colour  the  further  action  of  diastase  must  be  stopped. 
This  is  done  by  blowing  steam  into  the  liquid,  and  bringing  it  quickly  to  the  boiling 
point.  Prolonged  action  of  diastase  would  give  rise  to  the  production  of  a  material 
too  rich  in  sugar.  Directly  the  liquid  begins  to  boil  the  further  action  of  the  diastase 
stops,  and  the  boiling  liquid  is  run  off  through  a  filter  into  a  reservoir  and  concen- 
trated until  it  assumes  a  viscous  consistency.  This  kind  of  dextrin  is  used  in  some 
breweries.  This  dextrin  syrup  is  stated  by  Fayen  to  contain  62*71  per  cent  of 
grape  sugar  and  47*29  per  cent,  of  dextrin. 

Dextrin  syrup  may  be  also  prepared  by  acting  upon  starch  with  dilute  acids,  such 
as  sidphuric  acid.  The  acid  liquid  obtained  is  saturated  with  chalk,  the  precipitate 
of  gypsum  filtered  ofi^  and  the  filtrate  concentrated.  The  greater  part  of  the  gypsum 
which  still  remains  in  fine  suspension  separates  during  the  concentration,  ana  the 
filtered  liquid  is  concentrated  to  the  proper  strength. 

The  syrup  thus  obtained  is  colourless,  but  has  the  disadvantage  that  it  contains 
calcium  sulphate.  For  this  reason  brewers  prefer  dextrin  syrup  prepared  with  malt 
to  that  prepared  with  sulphuric  add. 

The  methods  described  for  the  preparation  of  dextrin  yield  products  pure  enough 
for  industrial  purposes,  although  the  dextrin  prepared  in  the  diy  way  always  contains 
a  certain  amount  of  unchanged  starch,  and  that  prepared  in  the  wet  way  always  contains 
grape  sugar. 

Vaea* — Dextrin  is  used  in  confectionery,  as  weaver's  dressing,  for  making  muci- 
Liginous  drinks,  in  the  manufacture  of  beer,  fruit  wines,  brandy,  liqueurs,  court  plaster, 
etc.     In  the  form  of  British  gum,  either  alone  or  together  with  starch,  it  is  used  for 
finishing  bobbin-net  and  fine  fabrics,  and  as  weaver's  dressing,  in  which  case  it  is  some- 
times mixed  with  glycerin ;  it  is  also  used  for  thickening  mordants  in  dyeing  and 
calico  printing,  and  for  rendering  envelopes,  postage  stamps,  etc.,  adhesive.    Dextrin 
In  the  fbrm  of  powder  has  been  used  by  Velpeau  with  great  success  in  the  place  of 
paste  bandages  for  fractured  limbs.     For  this  purpose  it  is  stirred  with  some  cam- 
phorated  spirit,  and  the  whole  mixed  with  40  per  cent,  of  lukewarm  water.    The 
Oflztrin  absorbs  the  wat(;r  and  speedily  dissolves  to  a  thick  liquid,  which  is  then  spread 
iq^n  linen.    The  bandages  are  at  once  laid  upon  the  part  to  bo  protected,  and  when 
^  they  afford  a  complete  protection  against  diulocation  of  the  fracture. 


SUGAR. 


Uuder  the  name  sup:ar  arc  included  a  number  of  substtincos  characterised  by  sweet 
taste,  and  presenting  several  other  features  of  analogy  physically  as  well  as  chemi- 
cally. An  intimate  relation  exists  between  various  kinds  of  sugar  and  starch,  cane 
sugar  being  to  a  certain  ext^^nt  intermediate  between  starch  and  grape  sugar,  containing 
more  water  than  starch,  and  less  than  grape  sugar,  as  shown  by  the  following  com- 
parison : — 

Starch  ...  'iC^Hi^O^  —  CdH^Oi^ 

Cane  sugar Ci2H.20„ 

Grape  sugar 2CgH.ifig  -  Ci^j^O,, 

Starch  is  readily  convertible  into  grapr  sugar  with  the  assimilation  of  water,  and 
cane  sugar  is  convertible  into  grape  sugar,  also  with  the  assimilation  of  the  ele- 
ments  of  water.  By  the  action  of  diastase  upon  starch  a  variety  of  sugar  caUed 
maltose  is  produced,  which  has  a  composition  the  same  as  that  of  lactose. 

Ocourrenoe. — The  different  kinds  of  sugar  are  very  widely  distributed  in  the 
vegetable  kingdom ;  and  probably  there  is  no  plant  which  docs  not  contain  one  or 
other  kind  of  sugar.  A  particular  kind  of  sugar  occurs  in  milk,  and  under  special 
conditions  sugar  occurs  m  other  animal  secretions.  The  kinds  of  sugar  most  fre- 
quently occurring  are:  glucose,  C«H|,Og,  comprising  grape  sugar  and  fruit 
sugar ;  saccharose,  or  cane  sugar,  Ci^H^jOi, ;  and  lactose,  or  milk  sugar, 
Ci^EI^Oii.H^O.  These  kinds  of  sugar  are  compounds  of  carbon  with  hydrogen  and 
oxygen  in  the  same  proportions  as  in  water.  They  may  be  regarded  as  derivatives 
of  a  hexatomic  alcohol,  C^Hi^Og.  Among  other  kinds  of  sugar  of  similar  composiUou 
are  in  OS  it  e,  CaH„Og,  occurring  in  the  unripe  fruit  of  PluueoUu  vulgaris,  in  other 
plants,  and  in  the  animal  organism  ;  sorbin,  having  tlie  same  composition,  occurs  in 
the  berries  of  the  mountain  ash,  Sorbus  Aiicuparia\  melitose,  having  the  same 
composition  as  cane  sugar,  occurs  in  various  species  of  Eiicali/pivs.  In  addition  to 
these,  some  other  kinds  of  sugar  occur,  having  a  somewhat  different  composition.  For 
example,  mannite,  C«H,40«,  the  chief  constituent  of  manna,  an  exudation  from 
Fraxinus  omus^  occurs  also  in  other  plants,  in  seaweed,  and  in  mushrooms.  Substances 
closely  analogous  to  the  last  named  occur  in  Melam'pyrum  nemoroaumy  in  the  berries 
of  the  mountain  ash,  and  in  a  Califomian  pine,  Pinua  Lambprtiana. 

Glucose.  This  variety  of  sugar  is  present  in  most  sweet-tasting  fruitp,  and  in 
many  other  parts  of  plants  in  various  proportions,  as  follows : — 


5*86  per  cert. 
10- 

9-42 
16-5 
18-37 

1-60 

6-40        „ 
lir>5 


Strawberry  (Princess  Royal)    . 

Cherry 

Fresh  grapes  from  Fontaiii'Meau 
Preserved  grapes  .... 
Hot-house  grapes  .... 
Green  grapes  .... 
White  currant  .... 
Green  figs 

But  there  are  at  least  two  dilierent  kinds  of  glucose,  distinguishable  chiefly  by 
their  relation  to  polarised  light.  One  kind  is  crystallisable,  and  on  account  of  the 
large  amount  contained  in  grape  juice,  it  is  often  called  grape  sugar.  It  turns  the 
plane  of  polarisation  to  the  right,  and  is  for  that  reason  termed  dextrose.  This 
kind  of  sugar  sometimes  occurs  also  in  animals,  and  in  the  disease  termed  diabetes 
large  quantities  of  it  are  excreted  in  the  urine.  The  other  kind  is  unciystallisable, 
and  as  it  turns  the  plane  of  polarisation  to  the  left,  it  is  called  lacvulose  ;  hon«»y 
consists  chiefly  of  tiis  sugar.  According  to  the  source  from  which  these  kinds  of 
sugar  are  obtained,  a  numbers  of  distinctions  were  formerly  made  which  are  now  no 
longer  recognised. 

Glucose  also  occurs  very  frequently  in  a  state  of  combination,  constituting  a 
variety  of  substances  knuwn  as  glucosides  which  are  decomposed  by  boiling  with 
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dilate  acids  or  alkalies  and  by  the  action  of  ferments,  yielding  glucose  and  other  sub- 
stances. Amongst  the  more  important  of  the  substances  of  this  class  are  amygdalin 
(C»H„NO„),  salicin  (C„H,80,),  sesculin  (C^Hj^O,,),  glycyrrhizin  (C^^Ha^Oj,  and 
arbutin  (C„H,,0,). 

Saccharose  or  cane  sugar  occurs  in  the  juice  of  the  Saccharum  officinarum  or 
sugar  cane;  it  also  occurs  abundantly  in  the  sugar  grass  (Sorghum  saccharatum\ 
in  maize,  beetroot,  melons,  the  cocoa  nut,  in  pine  apples,  in  chestnuts, 
in  the  juice  of  palms,  in  the  sugar  maple,  and  in  the  bulbs  of  many  liliaceouK 
plants.  At  one  time  it  was  supposed  that  the  parts  of  plants,  the  juice  of  which  had 
an  acid  reaction,  contained  no  cane  sugar,  since  this  substance  is  easily  converted  by 
the  action  of  add  into  a  mixture  of  grape  sugar  and  fruit  sugar.  However,  the  re- 
searches of  Payen  and  Buignet  have  shown  that  even  the  most  acid  fruits  may  contain 
abundance  of  cane  sugar. 

Payen  showed  that  the  juice  of  oran^  and  of  lemons  contains  cane  sugar ;  and 
Buignet  found  in  various  fruits  the  following  amounts  of  cane  sugar  and  other  kinds 
of  sugar : — 

I 


Pineapple  (Montserrat) 
Strawberry  (Collina.  d'Khrhardt) 
Apricot     .        .... 
Apple,  grey  Beinette,  fresh 

„         „        preserved . 
„      English  .... 
Calville,  preserved  . 
Plum,  MirabeUe 
„     Reine  Claude    . 

Orange      

Lemon 

Raspberry 

Peach 

Pear,  St.  Germaino,  preserved    . 
Pear 


CancSagar 

Total  Sugar 

percent. 

per  cent. 

11-33 

13-30 

6-33 

11-31 

604 

8-78 

5-28 

1400 

3-20 

15-83 

219 

7-66 

0-43 

6-26 

5-24 

8-67 

1-23 

656 

4-22 

8-58 

0-41 

1-47 

2-01 

7-23 

0-92 

1-99 

0-36 

8-78 

0-68 

7-84 

Oliaraeters. — Of  those  kinds  of  sugar  which  are  frequently  met  with,  cane  sugar 
is  the  most  easily  crystallisable ;  grape  sugar  crystallises  only  with  difficulty,  and 
fruit  sugar  not  at  alL 

Glucose  or  grape  sugar  is  considerably  less  sweet  than  cane  sugar,  three  times  as 
much  being  necessary  to  produce  the  sweetness  due  to  a  given  quantity  of  cane 
sugar.  Glucose  crystallises  from  its  aqueous  solutions,  taking  up  a  molecule  of  water, 
in  which  state  its  composition  may  be  represented  by  the  formula : 


C.H,,0. 


H^O. 


When  heated  up  to  100°  it  melts,  giving  up  its  water  of  cr}'staUisation,  differing 
in  this  respect  from  cane  sugar,  which  contains  no  water  of  crystallisation.  Anhy- 
drous grape  sugar  exposed  to  a  moist  atmosphere  slowly  absorbs  water  of  crystallisa- 
tion. Grape  sugar  is  more  soluble  in  alcohol  than  cane  sugar :  100  parts  of  boiling 
alcohol  dissolve  1*66  parts  of  grape  sugar;  alcohol  of  83  per  cent,  dissolves  18  parts  <jf 
grape  sugar.  At  a  high  temperature  grape  sugar  is  converted  into  glucosan,  caramtO, 
and  other  brown  substances. 

The  alkalies  and  alkaline  earths  combine  with  grape  sugar.  These  compounds  are, 
however,  very  unstable  even  at  the  ordinary  temperature,  and  the  solutions  arc  instantly 
decomposed  upon  heating ;  they  begin  to  colour  at  70°,  and  when  heated  to  boiling  in 
contact  with  atmospheric  air  they  b^ome  at  once  black.  By  tbo  action  of  alkalies  upon 
grape  sugar  a  body  called  glucinic  acid,  C^HigO^,  is  formea,  besides  other  substance. 
The  deportment  of  alkalies  towards  grape  sugar  admits  of  its  presence  being  detected 
even  in  small  proportion  when  mixed  with  cane  sugar.  Since  cane  sugar  is  not 
affected  in  the  same  manner  by  alkalies  no  colouration  is  obtained  by  boiling  solutions 
of  pure  cane  sugar  with  alkalies. 

Concentrated  sulphuric  acid  dissolves  grape  sugar,  forming  with  itgluco-sul- 
phuric  acid,  which  yields  soluble  barium  and  (silcium  salts.  Protracted  boiling 
with  dilute  sulphuric  or  hydrochloric  acids  renders  grape  sugar  unfermentable,  it  is 
then  gradually  changed  into  dark  coloured  substances,  caramel,  etc.  Cupric  oxide  in 
alkaline  solution  is  reduced  by  grape  sugar  to  cuprous  oxide.    Solutions  of  grape 
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sugar  are  decomposed  by  yeast,  yielding  alcohol  and  carbonic  dioxide  besides  other 
products,  the  formation  of  alcohol  taking  place  according  to  the  following  equation : 

C,H»,0,  -  2C0,  +  2C,H,0. 
(See  Fehkbntation.) 

GOLpe  Kugar  turns  the  pUne  of  a  polarised  xay  of  light  to  the  right,  fruit  sugar  turns 
it  to  the  Icit 

The  behaviour  exhibited  by  grape  sugar  towards  alkaline  solutions  of  cupric 
oxide  is  taken  advantage  of  in  determining  grape  sugar  quantitatively.  For  this  pur- 
pose it  is  only  necessary  to  know  how  much  of  a  saccharine  liquid  is  required  for  the 
complete  precipitation  of  the  copper  in  a  solution  of  cupric  oxide  of  known  strength ; 
1  molecule  of  grape  sugar  reduces  10  molecules  of  the  cupric  salt  to  cuprous  oxide, 
or  in  other  words  5  grammes  of  grape  sugar  decompose  84*64  grammes  of  crys- 
tallised cupric  sulphate.  The  cupric  oxide  solution  is  prepared  in  these  proportions  by 
dissolving  34*64  grammes  of  pure  cupric  sulphate  in  150  or  160  c.c.  of  water ;  adding 
150  grammes  of  crystallised  potassium  tartrate  dissolved  in  600  or  700  c.c  of  a  solu- 
tion of  sodium  hydrate.  At  first  there  is  formed  a  voluminous  light  blue  pre- 
cipitate which  dissolves  upon  shaking,  forming  a  dark  blue  liquid,  which  is  then 
diluted  with  water  to  the  volume  of  1,000  c.c.  The  solution  thus  prepared  is  pre- 
served for  use  in  a  dark  place. 

In  applying  the  test  1  gramme  of  the  saccharine  substance  is  placed  in  a  flask 
holding  100  c.c.  dissolved  in  water  and  the  solution  diluted  exactly  to  100  ce.  A 
measured  quantity  (20  c.c.)  of  the  solution  of  cupric  oxide  is  then  diluted  with  twice 
or  thrice  its  volume  of  water  and  heated  to  boiling  in  a  porcelain  dish.  The  blue 
liquid  must  remain  perfectly  clear  during  this  operation.  Should  the  liquid  have 
been  kept  so  long  that  cuprous  oxide  is  precipitated  upon  simply  boiling,  it  is  then 
worthless  and  a  fresh  solution  must  be  prepared.  Some  of  the  sugar  solution  is  then 
dmpped  from  a  burette  into  the  hot  liquid  in  the  porcelain  dish,  observing  after  each 
addition  whether  the  copper  solution  still  appears  there  ;  so  soon  as  this  ceases  to  be 
the  case  it  is  a  sign  that  all  the  cupric  oxide  is  reduced  and  the  experiment  is  com- 
plete. It  is  advisable  to  repeat  the  experiment,  the  second  time  adding  approximately 
as  much  sugar  solution  as  in  the  first  experiment,  and  then  to  proceed  very  carefully 
with  the  conclusion  of  the  operation.  Thus,  for  instance,  should  the  copper  solution  in 
the  first  experiment  remain  palpably  blue  after  adding  1 1  c.c.  of  sugar  solution,  but 
become  colourless  upon  the  addition  of  another  cubic  centimetre,  then  in  performing 
the  operation  a  second  time,  1 1  c.c.  of  sugar  solution  may  be  at  once  added. 

Since  1,000  c.c.  of  copper  solution  contain  exactly  as  much  cupric  oxide  as  6 
grammes  of  pure  grape  sugar  are  capable  of  reducing,  it  follows  that  the  20  c.c  would  in 
the  testing  represent  exactly  O'lOO  gramme  of  grape  sugar.  If,  therefore,  the  liquid  to 
be  tested  has  been  diluted  to  100  c.c,  and  ]  1*6  c.c  taken  for  the  test,  the  percentage 
of  grape  sugar  in  it  is  found  by  the  simple  proportion 

11-6  :  0-100  =  100  :  «;  a:  «  0*862. 

Saccharose  or  cane  sugar  crystallises  in  rhomboidal  prisms.  When  deposited 
from  a  hot  concentrated  solution,  quickly  cooled,  the  crystals  are  small  and  adhere 
together,  forming  a  granular  mass ;  by  allowing  the  warm  solution  to  evaporate  veiy 
slowly,  very  large  crystals  are  formed  (sugar  candy). 

Cane  sugar  has  a  specific  gravity  of  1*606.  When  rubbed  or  struck  in  the  dark, 
it  emits  a  phosphorescent  light ;  by  long  continued  trituration,  cane  sugar  undergoes 
alteration  and  acquires  a  peculiar  smelL 

Cane  sugar  is  very  soluble  in  water,  one-third  of  its  weight  of  water  being  suffi- 
cient to  dissolve  it  in  the  cold,  and  in  boiling  water  it  is  soluble  in  almost  any  pro- 
portion. The  boiling  point  of  a  solution  of  sugar  varies  with  the  amount  of  sugar 
present,  rising  in  proportion  as  the  syrup  contains  less  water.  If  the  heat  be  con- 
tinued, the  sugar  remaining  after  evaporation  melts  at  a  temperature  only  a  little  above 
the  boiling  point  of  the  saturated  solution.  When  the  boiljng  point  of  a  cane  sugar 
solution  is  lowered  very  considerably  by  evaporating  under  reduced  pressure,  a  vsiy 
copious  crystallisation  of  the  sugar  takes  place  in  the  boiling  solution. 

Solution  of  cane  sugar  possesses  the  property  of  rotating  the  plane  of  polarisation 
of  a  ray  of  light  to  the  right,  the  specific  capacity  of  rotation  being:  Ds73*8^. 
Cane  sugar  is  insoluble  in  cold  absolute  alcohol,  but  boiling  absolute  alcohol  dissolves 
]'25  per  cent,  of  cane  sugar,  which  is  again  almost  completely  deposited  upon  cooling: 
alcohol  of  83  per  cent,  dissolves  25  per  cent,  of  cane  su^ar.  When  a  cold  saturated 
solution  of  cane  sugar  in  90  per  cent,  alcohol  is  mixed  with  double  its  volume  of  ether, 
the  sugar  is  precipitated  in  the  form  of  minute  crystals  on  the  sides  of  the  vessel  con- 
taining the  solution.  This  reaction  may  be  used  for  determining  the  presence  of  cane 
sugar  m  different  parts  of  plants ;  the  juice  or  an  aqueous  extract  of  the  plant  is 
evaporated  to  dryness  at  a  low  temperature,  then  treated  with  alcohol,  the  insoluble 
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portion  lepftrated  bj  filtntion,  and  the  solution  mixed  with  ether ;  anj  cane  sugar 
present  crystallises  out  after  a  short  time. 

Cane  sugar  combines  with  a  nitmber  of  bases,  sach  as  lime,  baryta,  lead  oxide, 
potash  and  soda.  These  compounds  have  been  carefully  studied  by  Peligot  and 
Soubeiran.  A  large  quantity  of  calcium  hydrate  is  dissolved  when  heated  with  a 
solution  of  cane  sugar.  The  solution  prepared  in  the  cold,  provided  the  concentration 
of  the  liquid  does  not  exceed  a  certain  limit,  is  a  compound  of  1  molecule  of  sugar 
with  1  molecule  of  calcium  oxide : 

0„H„On.CaO. 

In  concentrated  solution  of  sugar,  lime  is  dissolved  in  greater  proportion.  If  such  a 
solution  be  heated  to  boiling  it  becomes  cloudy,  and  a  bulky  precipitate  is  formed 
which  may  be  separated  by  filtering  the  hot  liquid,  and  purified  by  washing  with 
boiling  water.  This  insoluble  compound  conmsts  of  1  molecule  of  cane  sugar  and  8 
molecules  of  lime : 

G,AsOii.3CaO. 

It  is  formed  by  the  decomposition  of  8  molecules  of  the  first  mentioned  compound, 
1  molecule  of  we  tribasic  compound  being  produced,  while  2  molecules  of  sugar  are 
set  free: 

8(C,jHaO„CaO)  =  C,^„0„.8CaO  +  2(0„H„0„). 

If  the  precipitate  be  su£fered  to  cool  in  the  liquid  from  which  it  was  formed,  it  re- 
diBSolvea  and  the  first  compound  is  again  produced.  The  monobasic  compound  may  be 
prepared  in  a  pure  6tate  by  digesting  lime  with  a  tolerably  concentrated  solution  of 
sugar  until  no  more  lime  is  dissolved  ;  the  liquid  is  then  filtered,  mixed  with  a  small 
quantity  of  sugar  in  order  to  convert  all  the  sugar  lime  into  a  monobasic  compound, 
and  alcohol  added;  a  dirty  white  precipitate  is  formed  which  is  insoluble  in 
aloc^ly  and  after  the  remov^  of  the  liquid  forms  an  amorphous  brittle  mass.  The 
•ahstance  thus  pepazed  behaves  exactly  like  a  solution  of  Ume  in  sugar :  it  is  com- 
pletely soluble  m  water,  and  is  decomposed  when  heated,  etc. 

Upon  mixing  a  solution  of  the  monobasic  lime  compound  with  a  second  molecule 
of  sugar,  and  then  with  hydrated  cupric  oxide,  the  latter  is  dissolved.  The  same  liquid 
in  contact  with  metallic  ooppper  and  atmospheric  oxygen  causes  oxidation  of  the 
metal,  and  the  cupric  oxide  is  dissolved.  Tne  proportion  of  lime  taken  up  by  a 
solution  of  sugar  varies  very  much  according  to  the  concentration  of  the  sugar  solution. 
Very  concentrated  solutions  of  sugar  take  up  as  much  as  2  molecules  of  lime  to  every 
oudeeule  of  sugar,  while  dilute  solutions  take  up  less  than  1  molecule. 

The  following  table  by  Peligot  shows  the  relative  proportions  of  sugar  and  lime  in 
eolutions  of  different  degrees  of  concentration,  and  also  the  specific  gravity  of  the 
fldutions ;  for  the  sake  of  comparison  the  proportions  of  sugar  and  lime  in  the  com- 
pounds, containing  respectively  1  and  2  molecules  of  lime,  are  given ;  the  latter  com- 
pound however  is  not  Imown  in  the  pure  state. 


] 

Spedflo  gravity 

100  parts  of  sugar  lime  oootaln 

Bwetntegeat 
■agar 

of  sugar  Bolntlon 

of  sngar  solution 

satorated  with 
1im« 

Lime 

Sugar 

AA.O„.OaO 
<W3)„.20aO 

141 
24-7 

85-9 
76-3 

400 

1122 

1179 

210 

790 

I            87-6 

1-116 

1175 

20-8 

79-2 

1           86*0 

1-110 

1166 

20-5 

79-5 

1           82-5 

1-103 

1169 

20-3 

79-7 

1            800 

1-096 

1-148 

201 

79-9 

f            27-6 

1-089 

1-139 

19-9 

801 

1            250 

1-082                    1-128 

19-8 

80-2 

J             32*5 

1-076                    1116 

19-3 

80-7 

f             20-0 

1068                    1104 

18-8 

81-2 

.1             17-6 

1-060                    1092 

18-7 

81-3 

■l^           160 

1062                    1-080 

18-6 

81-6 

f              12-6 

1-044                    1067 

18-3 

81-7 

f              10*0 

1036          ;           1053 

181 

81*9 

f               7-6 

1-027                    1040 

169 

88-1 

6-0 

1018 

1-026 

15*3 

84-7 

■^^^^ 

3'6 

1009 

1014 

13-8 

86-2 
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The  solubility  of  lime  in  dilute  solution  of  sugar  was  studied  bj  Berthelot^ 
The  following  table  gives  the  results  of  his  researches.  Columns  I.  and  II.  show 
the  percentage  amounts  of  sugar  and  lime  in  the  solution.  Column  III.  shows  the 
ratio  of  sugar  to  lime ;  but  since  the  ratio  is  somewhat  obscured  in  dilute  solutions 
because  pure  water  dissolves  some  lime,  Column  IV.  gives  the  ratio  of  sugar  to  lime 
after  nuikiiig  allowance  for  the  lime  dissolved  in  water  alone.  The  numbers  show  that 
the  monobasic  compound  was  only  formed  in  the  first  experiment,  while  in  every  other 
cose,  owing  to  the  small  amount  of  sugar,  the  proportion  of  lime  dissolved  was  I 
than  1  molecule  of  lime  for  each  molecule  of  sugar. 


I. 

n. 

m. 

IV. 

Sngtur 

Lime 

lime 

Sugar 

TJwyi 

Sugar 

4-850 

1-301 

17-5 

82-5 

15-4 

84-6 

2-401 

0-484 

16*8 

88-2 

12-3 

87-7 

2000 

0-433 

17-8 

82-2 

12-6 

87-6 

1*660 

0-864 

180 

82*0 

11-6 

88-6 

1-386 

0326 

190 

81-0 

11*4 

88*6 

1-200 

0-316 

20-8 

79-2 

12*2 

87-8 

1058 

0-281 

21-0 

700 

11*2 

88-8 

0-960 

0-264 

21-6 

78-4 

10-8 

89-2 

0-400 

0*194 

32-7 

67-3 

10-3 

89*7 

0191 

0-172 

47*4 

62-6 

11-2 

88*8 

0096 

0*164 

61-6 

88*4 

Not  only  in  respect  to  the  solubility  of  the  lime,  but  also  when  heated,  the  liquids 
behave  differently,  according  to  their  strength.  Coagulable  sugar  lime  is  obtained  by 
mixing  a  solution  of  26  parts  of  sugar  in  50  parts  water  with  61  parts  dry  lime 
suspended  in  50  parts  of  water,  stirring  the  mixture  for  about  ten  minutes,  then  adding  3 
parts  more  lime,  again  stirring,  and  finally  filtering,  after  having  allowed  the  mixture 
to  stand  for  half  an  hour.  The  clear  filtrate  copulates  when  it  is  slowly  heated  to 
lx)iling,  and  becomes  clear  again  upon  cooling.  When,  however,  it  is  heated  very 
quickly  to  boiling  and  a  lively  ebullition  is  kept  up,  no  coagulation  takes  place. 
Upon  diluting  the  liquid  with  2,  3,  and  4  times  its  bulk  of  water,  a  milky  cloucfiness 
is  }»roducod  upon  boiling,  and  the  liquid  is  no  longer  transparent  or  translucent,  but 
it  does  not  coagulate.  A  solution  which  does  not  coagulate  when  heated  to  boiling 
is  obtained  by  using  loss  water.  Upon  mixing  lime  and  sugar  in  the  above  propor- 
tions with  only  one  half  the  quantity  of  water,  the  solution  may  be  heated  slowly  or 
quickly  without  coagulating.  Protracted  contact  with  the  air  causes  the  formation 
of  an  opaque  pellicle  of  calcium  carbonate  upon  the  surface  of  the  liquid. 

Sugar  lime  is  easily  decomposed  by  all  acids,  even  carbonic  acid.  Upon 
mixing  concentrate<i  8olution«  of  caustic  baryta  and  cane  sugar,  a  crystalline  paste  is 
formed,  and  the  same  compound  is  formed  upon  boiling  dilute  solutions.  It  has  a 
composition  analogous  to  that  of  the  monobasic  lime  compound,  C,^„0„.BaO. 
Upon  mixing  an  alcoholic  solution  of  cane  sugar  with  potash  or  soda,  a  stic][y  pre- 
cipitate is  formed,  which  hardens  in  alcohol ;  the  potassium  compound  is  represented 
by  the  formula :  C,2H220„.K20. 

Another  compound  is  obtained  by  treating  sugar  lime  with  lead  acetate,  or 
by  mixing  concentrated  solutions  of  sugar  with  an  ammoniacal  solution  of  lead 
acetate.  A  gelatinous  precipitate  is  formed,  which  dissolves  in  boiling  water,  and 
after  a  while  deposits  acicular  crystals.  The  composition  of  tliis  substance  difPen 
from  that  of  the  other  compounds,  the  lead  oxide  replacing  2  molecules  of  water,  as 
shown  in  the  following  formula:  C,jH,8pb,0„  or  C|jHigO,.2PbO. 

Cane  sugar  differs  from  grape  sugar  in  its  behaviour  towards  alkaline  bases. 
Grape  sugar  when  treated  with  alkalies  or  alkaline  earths  decomposes  slowly  at  the 
ordinary  temperature,  but  immediately  upon  boiling,  with  the  formation  of  brown  or 
black  products ;  while  cane  sugar  combines  with  these  reagents  without  decomposi- 
tion. Use  is  made  of  this  different  behaviour  of  these  two  sugars  in  distinguisning 
them  in  analytical  chemistry.  Besides  entering  into  combination  with  bases,  can« 
sugar  also  forms  compounds  with  certain  salts — for  instance,  with  sodium  chloride  or 
common  salt.  The  composition  of  the  compound  is  represented  by  the  formula: 
CjjHoaOij.NaCl ;  or  according  to  other  analyses :  CiJH„0,|  +  C,jH„0„.2NaCl. 

The  compound  of  sugar  with  sodiuip  chloride  is  even  more  soluble  in  water  tb*" 
pure  sugar ;  upon  evaporating  solutions  of  sugar  containing  sodium  chloride^  this 
compound  remains  dissolved  after  the  excess  of  sugar  has  crystallised  oot    For  this 
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reason  the  preeenoe  of  sodium  chloride  in  the  juice  of  sugar  cane  or  beet  root  is  very  dis- 
adyantageous,  since  a  part  of  the  sugar  is  thus  rendered  unciystallisable  and  retained 
in  the  molasses.  From  the  formula  of  the  compound  it  will  be  seen  that  the  sodium 
chloride  is  combined  with  nearly  six  times  its  weight  of  sugar,  and  that  hence  the 
production  of  sugar  firom  beet  grown  on  a  salt  soil  would  be  attended  with  great  dis- 
advantage and  loss.  A  sugar  factory  established  near  Naples  was  ruined  from  this 
cause ;  the  beets  haTing  been  grown  on  a  soil  situated  near  the  sea,  were  impregnated 
wiUi  salt,  and  they  contained  so  much  sodium  chloride  that  the  juice  yielded  no  ciystal- 
lisable  sugar  at  all.  The  chlorides  of  ammonium  and  potassium  enter  into  similar 
combination  with  sugar. 

Cane  sugar  melts  at  160^,  and  upon  cooling  solidifies  to  a  transparent  amorphous 
mass  called  barley  sugar,  which  gradually  becomes  opaque  and  crystalline.  Upon 
heating  cane  sugar  for  some  time  at  a  temperature  of  170^-180°,  according  to  G^lis  it 
is  converted  into  a  mixture  of  equal  molecules  of  grape  sugar  and  of  a  substance 
having  the  same  constitution  as  starch  and  cellulose,  which  he  called  saccharid  or 
glucosan.  This  change  may  be  considered  as  consisting  in  the  removal  of  a  molecule 
of  water  from  one  molecule  of  cane  sugar,  and  its  transfer  to  another  to  fonn  grape  sugar : 
2C„HaO„  -  20^„0e  +  20eH„0». 

An  aqueous  solution  of  melted  cane  sugar  treated  with  yeast  yields  only  half  the 
quantity  of  alcohol  and  carbonic  acid  obtai  nabl  e  from  ordinary  cane  sugar.  The  solution 
of  melted  sugar  reduces  alkaline  solutions  of  cupric  oxide,  but  it  yields  only  one  half  as 
much  cuprous  oxide  as  is  obtained  when  cane  sugar  has  been  converted  by  an  acid 
into  grape  sugar  and  fruit  sugar.  This  shows  that  by  melting  cane  sugar  one  half  of 
it  is  converted  into  a  fermentable  substance,  capable  of  reducing  cupric  oxide  (grape 
sugar),  while  the  other  half  is  converted  into  a  non-fermentable  substance  which  does 
not  reduce  cupric  oxide  (siiccharid). 

By  protracted  heating  at  a  temperature  of  lBO°-^00®  cane  sugar  assumes  a  yellow 
colour  which  passes  into  different  shades  of  brown,  and  finally,  with  evolution  of 
water  and  inflammable  products,  the  sugar  is  converted  into  a  mixture  of  sub- 
stances known  under  the  name  of  caramel.  According  to  C^^lis,  caramel  consists  of 
three  distinct  substances,  the  relative  proportions  of  which  depend  upon  the  tempera- 
ture and  the  duration  of  the  heating.  The  first  product  formed  appears  to  be 
caramelan  C„H)g09,  which  under  evolution  of  water  passes  into  caramelene  and  cara- 
melin.  All  three  substances  combine  with  bases.  Caramel  is  soluble  in  water  and 
in  alcohol,  and  under  the  name  of  couleuris  used  for  colouring  liqueurs  and  for 
various  culinary  purposes. 

When  strongly  heated  cane  sugar  swells  up,  gives  off  a  number  of  inflammable 
products,  and  finally  yields  a  voluminous  and  difficultly  combustible  charcoal. 

Aqueous  solutions  of  cane  sugar  are  changed  by  protracted  boiling,  a  part  of  the 
sugar  becoming  unciystallisable. 

Cane  sugar  is  not  itself  fermentable,  but  in  contact  with  yeast  it  undergoes  altera- 
tion ;  and  taking  up  the  elements  of  water,  it  is  converted  into  a  mixture  of  equal 
molecules  of  grape  sugar  and  fruit  sugar,  which  are  both  fermentable.  This  change 
may  be  represented  by  the  following  equation : 

OiaH„0„   +   H,0    =    C^„0.    +    C.H„0. 
Oane  sngar  Grape  tugar       Fruit  sugar 

The  same  change  takes  place  when  a  solution  of  cane  sugar  is  heated  for  a  short  time 
with  a  trace  of  free  acid.  The  mixture  of  the  two  kinds  of  sugar  turns  the  plane  of 
polarised  lights  to  the  left,  for  which  reason  sugar  that  has  been  altered  by  acids  is 
called  invertedsugar.  Si  nee  the  format  ion  of  inverted  sugar  reduces  the  quantity  of 
crystallisable  sugar,  the  sugar  manufacturer  takes  care  to  keep  the  juice  operated  upon 
continually  alkaline  with  small  quantities  of  sugar  lime  during  the  entire  operation. 

Concentrated  acids  decompose  caue  sugar ;  treatment  with  hydrochloric  or  sul- 
phuric acid,  and  the  application  of  a  gentle  heat,  produce  humus  substances,  which 
become  continually  richer  in  carbon  as  the  reaction  proceeds.  Concentrated  nitric 
acid  changes  cane  sugar  into  nitro-saccharose,  a  substance  resembling  gun  cotton  in 
its  properties.  When  sugar  is  heated  for  a  short  time  with  nitric  acid  of  specific 
gravity  1*310,  a  deliquescent  acid — saccharic  acid — is  produced;  and,  by  protracted 
boiling  with  nitric  acid,  oxalic  acid  is  formed. 

Lactose,  or  milk  sugar  (Ci^sj^n'HsO)  is  much  less  soluble  than  either  grape  or 
cane  sugar,  requiring  five  or  six  times  its  weight  of  cold  water  for  solution.  It  is 
not  so  sweet  us  grape  sugar  and  is  dextro-rotatoiy.  It  crystallises  in  hard  white,  trans- 
lucent, four-sided  prisms.  Lactose  combines  with  bases,  forming  compounds  that 
have  an  alkaline  reaction,  and  by  the  action  of  dilute  acids  it  is  converted  into  galac- 
tose (C«H„0«),  a  readily  crystallisable  dextro-rotatory  glucose,  distinguished  by  yielding 
mucic  acid  (CoH,,Oh),  when  oxidised  by  the  action  of  nitric  acid,  instead  of  saccharic 
acid  (C.H„0,). 
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Milk  sugar  does  not  readily  undergo  alcoholic  fermentation.  When  deoompodng 
gluten  or  casein  is  used  as  the  ferment^  milk  sugar  is  chiefly  concerted  into  lactic  acid 
(C,H«0,),  but  some  alcohol  is  formed  at  the  same  time. 

Preparation.— The  kind  of  glucose  commonly  known  as  grape  sugar  or  dex- 
trose is  produced  by  the  protracted  action  of  dilute  acids  or  diastase  upon  starch, 
and  also  by  the  decomposition  of  a  number  of  organic  substances  termed  gl  ucosides; 
thus,  for  instance,  amygdalin  can  be  decomposed  into  grape  sugar,  oil  of  bitter  al- 
monds, and  hydrocyanic  acid : 

C„H„NO„   +  2H,0  =  CjH.O  +   CNH   +   2C,H„0,. 

The  glucose  obtained  firom  these  sources  sometimes  presents  peculiarities  and 
differs  in  the  facility  with  which  it  undergoes  alcoholic  fermentation.  Cellulose  is 
also  conyertible  into  ordinary  glucose  by  the  action  of  dilute  acids. 

Grape  sugar  is  artificially  prepared  from  starch,  which  is  converted  into  grape 
sugar  by  addition  of  the  elements  of  two  molecules  of  water.  It  may  also  be  prepared 
from  cane  sugar,  and  is  met  with  in  commerce  in  three  different  conditions,  as  hard 
sugar,  granular  sugar,  and  as  syrup. 

The  manufacture  of  grape  sugar  fibm  starch  is  carried  out  by  heating  a  mixture 
of  starch  with  dilute  sulphuric  acid,  by  forcing  steam  into  the  liquid  contained  in  large 
wooden  vats  in  which  about  1,000  gallons  of  water  and  84  lbs.  of  sulphuric  acid  are 
first  mixed,  and  heated  to  boiling.  Meanwhile  about  2  cwts.  of  starch  are  mixed  with 
30  gallons  of  lukewarm  water  in  a  smaller  vat.  The  liquid  in  the  large  vat  is  kept 
boiling,  and  the  mixture  of  starch  and  water  is  run  in  until  about  4,000  lbs.  of 
starch  and  600  gallons  of  water  have  been  added.  After  adding  the  last  portioo 
of  starch  and  water  the  liquid  in  the  vat  is  kept  boiling  about  40  minutes,  and  then 
a  few  drops  are  taken  out  and  tested  with  a  drop  of  iodine  solution,  which  ought  not 
to  produce  any  blue  coloration ;  if  it  does,  the  boiling  is  continued  and  the  liquid 
tested  with  iodine  solution  from  time  to  time  until  no  coloration  is  produced. 
When  this  point  has  been  reached,  the  steam  is  shut  off  and  the  liquid  neutralised 
with  chalk,  previously  powdered  and  stirred  up  with  water  to  a  thin  pap,  which 
is  added  in  small  quantities  at  a  time  until  no  effervescence  is  observed  upon  the 
addition  of  a  fresh  portion,  or,  what  is  still  better,  until  a  drop  of  the  liquid  ceases 
to  colour  blue  litmus  paper  red.  A  large  excess  of  chalk  is  avoided,  owing  to  its 
rendering  somewhat  difficult  the  final  clarification  of  the  liquid. 

When  the  neutralisation  is  complete  the  muddy  liquor  is  run  off  into  a  reservoir, 
where  it  is  allowed  to  remain  ten  or  twelve  hours  to  deposit  the  calcium  sulphate.  The 
clear  liquid  is  filtered  through  granulated  animal  charcoal.  The  filtered  sugar 
solution  is  then  evaporated  by  steam  heat  until  the  hot  liquid  has  a  sp.  gr.  of  1*231, 
and  when  cold  a  sp.  gr.  of  1*296. 

The  syrup  thus  obtained  stands  a  couple  of  days,  during  which  the  greater  part  of 
the  calcium  sulphate  still  remaining  dissolved  in  tjfie  liquid  separates.  The  clear  liquid 
is  then  drawn  off  and  sold  in  this  state  to  brewers  and  confectioners.  For  finer  kinds 
of  confectionery  and  for  liqueurs  a  syrup  is  required  as  free  as  possible  from  colour, 
and  it  is  again  passed  through  animal  charcoal. 

Whon  hiird  sugar  is  required  instead  of  syrup  a  little  more  acid  is  used  in  the 
saccharification,  55  or  60  lbs.  being  taken  to  every  2,000  lbs.  of  starch,  and  the 
liquid  is  evaporate<l  till  it  has  a  specific  gravity  of  1309  in  the  hot  stat«,  or  1*370 
upon  cooling.  The  syrup  is  then  run  into  a  large  vessel  and  when  it  begins  to  czys- 
tallise  it  is  run  into  tubs  or  moulds  to  solidify. 

For  the  manufacture  of  sweetmeats,  preserves,  and  fruit  syrups,  a  glucose  syrup  is 
prepared  containing  some  dextrin  still  unaltered.  For  this  purpose  only  14  or  15  lbs. 
of  sulphuric  acid  are  used  for  2,000  lbs.  of  starch,  and  the  syrup  is  evaporated  until 
while  not  it  has  a  sp.  gr.  of  1*32,  when  it  is  passed  boiling  through  a  charcoal  Alter 
heated  by  a  steam  jacket  • 

The  manufacture  of  the  three  products  is  essentially  of  the  same  nature,  the  only 
difference  being  that,  in  preparing  the  solid  sugar,  the  saccharification  of  the  staix^  is 
carried  as  far  as  possible,  so  as  not  to  leave  any  dextrin  unconverted,  since  the 
presence  of  that  substance  would  hinder  the  crystallisation.  The  syrup  used  for 
liqueurs,  etc.  is  required  to  be  quite  free  from  crystallisation,  and  at  the  same  time  it 
must  have  a  high  degree  of  concentration.  On  this  account  a  considerable  quantity  of 
dextrin  is  left  unconverted,  and  by  this  means  there  is  obtained  a  dense  viscid  liquid 
that  is  readily  soluble  in  water,  but  is  not  at  all  liable  to  crystallise.  In  ordinaiy 
starch  sugar  syrup  the  saccharification  is  almost  complete,  but  the  product  is  not  con- 
centrated to  such  a  degree  that  it  is  capable  of  crystallising.  The  syrup  used  for 
liqueurs,  and  called  by  the  French  sir  op  imponderable,  contains  about  11  per 
cent,  of  water,  and  the  dry  substance  it  contains  consists  of  42  per  cent,  of  sugar  and 
f}K  per  cent,  of  dextrin.    The  starch  sugar  syrup  of  1  *296  sp.  gr.  contains  80  per  cent. 
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of  water,  and  in  the  dry  substance  it  contains  there  is  from  85  to  00  per  cent,  of 
sugar.  The  solid  glncose  contains  from  10  to  12  per  cent,  of  water,  and  the  dry  sub- 
stance from  95  to  98  per  cent,  of  sugar.  The  quantity  of  calcium  sulphate  in  the 
solid  sugar  amounts  to  j^  per  cent,  and  in  the  liqueur  syrup  to  j^  per  cent. 

The  manufacture  of  granular  grape  sugar  was  introduced  by  Fouchard  in  Neuilly. 
The  saccharification  is  carried  out  in  the  way  just  described,  care  being  taken  to 
leoore  as  periect  a  conversion  as  possible  of  the  starch,  since  large  quantities  of  dex- 
trin woold  retard  the  crystallisation.  So  soon  as  the  saccharification  is  complete  the 
iiqaid  is  neutralised,  carefully  filtered  and  evaporated  in  summer  till  it  shows  while 
hot  a  density  of  1*262,  and  in  winter  in  the  siime  state  a  density  of  1*242.  The  cal- 
eivm  sulphate  is  allowed  to  deposit  in  large  clearing  vessels  situated  in  a  cool  place 
or  cooled  by  means  of  serpentine  tubes  through  which  cold  water  is  passed  to  prevent 
ftrmentadon.  After  24  or  30  hours  the  syrup  is  cold  and  clear ;  it  is  then  brought  to 
erystallisation  in  vertiGal  tubs  open  above,  ^nished  with  a  perforated  bottom,  the 
apertures  of  which  are  closed  with  little  wooden  plugs  during  the  crystallisation.  The 
tubs  «re  placed  upon  a  stand  over  a  gutter  lined  with  lead.  After  10  or  12  days 
crystallisaUon  commences.  As  soon  as  the  liquid  is  charged  to  about  two-thirds  with 
eiystals,  the  little  plugs  at  the  bottom  of  the  tubs  are  drawn  out  and  the  syrup  allowed 
to  ran  out.  The  syrup  is  again  boiled  with  sulphuric  acid  to  convert  the  unchanged 
dextrin  contained  in  it  into  sugar. 

The  drained  crystals  are  ]placed  upon  gypsum  plates  in  a  drying  oven  and  expose<l 
to  a  current  of  air  at  a  temperature  of  22°  or  25*^.  If  the  temperature  were  higher 
the  crystals  would  melt  in  the  adhering  sjnrup  and  stick  together.  The  formation  of 
lumps  is  unavoidable  even  with  the  utmost  care,  and  the  dry  sugar  is  therefore  sifted 
and  the  pieces  left  on  the  sieve  are  broken  between  rollers. 

Glncose  or  starch  sugar,  either  in  the  solid  form  or  in  the  state  of  syrup,  is  used 
for  a  variety  of  purposes :  in  brewing  as  a  substitute  for  malt  (see  Bekr)  ;  and  in  the 
mann&ctnre  of  spirit.  It  is  also  used  in  the  production  of  wine  (see  Wins).  The 
dense  S3rmp  is  chiefly  used  for  preserving  fruit,  and  in  the  preparation  of  liqueurs. 

Cakb  Sugar  is  chieflv  prepared  from  the  sugar  cane  and  the  su^ar  boet.  Smaller 
quantities  are  prepared  in  Canada  and  the  United  States  fn^ni  the  sugar  maple  {Acer 
meeharinum)t  in  China  from  Sorghum  saocharaium;  and  in  India  from  the  juice  of  the 

'   In  North  America,  where  the  maple  is  indigenous  and  very  abundant,  the  produc- 

ticm  of  sugar  from  this  source  is  a  regular  branch  of  industry.     The  process  of  manu- 

ftetnre  is  very  crude :  about  the  month  of  February  or  March,  holes  are  bored  in  the 

trees  to  the  depth  of  about  half  an  inch  into  the  white  bark  or  spli^it  of  the  stem, 

sod  the  juice  which  slowly  flows  out  is  collected  in  troughs,  from  which  it  is  trans* 

lerred  to  the  boiling  pans,  where  it  is  rapidly  evaporated,  and  skimmed  meanwhile, 

imtil  it  is  sufficiently  concoutrated  to  be  filtered  through  woollen  cloths.     The  syrup 

thns  obtained  is  further  boiled  down  and  allowed  to  crystallise  in  moulds. 

Culture  of  the  Sugar  Cane. — ^The  sugar  cane  {Saccharum  officinarum)  is  richer 
In  sugar  and  contains  less  non-saccharine  matter  than  any  other  sugar-bearing  plant. 
\Vlien  ripe  it  contains  90  per  cent,  of  juice,  having  a  saccharometer  density  of  15°  to 
90^,  vaxjring  in  the  amount  of  sugar  it  contains  from  12  to  22  per  cent.,  but  averaging 
%boat  1 8  per  cent.  The  manufacture  of  sugar  from  the  sugar  cane  has  been  known 
fbeom  the  most  ancient  times.  The  methods  of  manufacture  have  in  some  colonies 
imdeigone  many  improvements  in  recent  years ;  but  in  many  places  it  is  still  so  im- 
perfectly carried  on  that  a  yield  of  5  or  6  per  cent,  is  with  difficulty  obtained. 

The  sugar  cane  comes  from  India  and  China.  The  inhabitants  of  those  countries 
Hzst  used  the  juice  of  theplant  as  a  sweet  drink,  and  then  prepare<i  from  it  a  syrup 
and  crystallised  sugar.  The  sugar  cane  flourishes  only  in  countries  with  a  tropical 
dimate ;  in  northern  countries  the  product,  and  especially  the  amount  of  sugar,  is 
much  smaller.  I>ifferent  varieties  are  cultivated ;  the  best  of  them  are  known  as 
Otsheite  and  Hatavia  cane,  and  violet  and  striped  violet  canes  from  Java. 

The  cultivation  of  t^o  sugar  cane  requires  a  generous  rich  soil,  as  free  as  possible 
horn  soluble  salts  and  artificial  manuring.  A  too  large  amount  of  salt  in  the  soil,  as 
it  oiften  occurs  in  the  neighbourhood  of  me  sea,  is  ii\jurious  to  the  quality  of  the  cane, 
the  salt  passing  into  the  juice  and  promoting  the  formation  of  molasses.  In  the 
afasenee  of  a  sufficiency  of  stable  manure,  guano  and  fish  refuse,  and  phosphates,  flesh 
and  blood  manure,  and  bone  black  from  Europe  are  used.  During  the  last  few  years 
ft  eoDsiderable  quantity  of  potash  salts  from  Stassfurt,  and  of  superphosphates,  have 
been  sent  to  the  colonies.  The  manuring  with  blood  in  the  colonies  has  given  rise  to 
ft  peculiar  result ;  the  rats  allured  by  the  smell  seek  out  this  manuru,  anil  eat  not  only 
it  bat  the  root  utocks  of  the  cane  also,  thus  doing  considerable  damage.  It  is  said 
that  this  can  be  avoided  by  mixing  charcoal  dust  and  soot  with  the  blood. 
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be  ngvr  ea.ne  can  be  rsUed  from  loed  ;  thu  is  dona  however  only  exeeptionollj, 
eily  it  is  multiplied  b;  cuttioga.    Theae  cattingi  are  placed  obliquely,  at  en 

of  45°,  ia  sm&ll  forrawa  20  ioekai  bug,  lOiaches  vide,  and  Tliucbsa  deep,  aod 
ed  with  moist  earth.  Fig.  S8B  repiesentB  i  slip  which  haa  already  UmvD  ap 
ll  routing  shoots.  TheSrat  development  of  the  Toniig  plant  is  abovD  in  flg.  689. 
ilesder  stalk  shoots  upward,  forniiiig  numerouB  lEuoU,  and  throwing  off  lint  the 
'  and  then  the  following  loaves.  Fig.  S91  ihowaa  plant  two-thirda  or  tlircc- fourths 
a.  The  Malka  are  finm  6  lo  12  feet  high,  with  a  diameter  ut  the  centreof  1^  to  2 
B.  TheUrgest  leaves  ace  S  to  4  feet  loag.and  11  to  i!^  inchee  brood.  The  leaves 
■agitodinally  vuned,  and  have  veiy  atout  whitiah  neivea ;  the  colour  of  the  rB- 
ler  of  the  leof  is  gteea  to  jrellawiah  green  ;  the  aor&cs  ii  smooth  and  the  edge* 
1.    Aiter  &om  twelve  to  fifteen  months,  accoiding  to  the  soil  and  the  climate,  the 

begins  to  fiower ;  the  upper  part  incieaaaa  coiiBideiabl3r  in  length  (fig.  S90),  and 

if  framed  a  panicle  of  ailver;  white  fiowen. 

reqaeatly  it  happens  that  the  cane  does  not  flower,  aad  conseqnentlj  it  cumot 
bear  seed.    The  ripenesa  of  the  stalk  is  then  lecogniaed  by  iu  becomiDg  yellow 


ited,  beginning  from  litlow.  ligs.  692,  693,  aad  694  ahow  sections  of  the  cane  in 
ipe  condition.  Tie  knots  are  soparalod  from  each  other  by  a  dintance  of  8  to  6 
m.  The  tiasoe  at  the  know  is  moch  Imrder  and  denser  than  thut  between  them, 
he  aap  there  also  ia  poorer  in  sugar ;  the  further  therefore  the  knola  are  from  one 
let,  and  the  longer  the  JEtemodes.  the  more  ndvnntsieeouB  ia  the  osne  for  working. 
Ig.  693  showH  the  longiladinal  section  of  a  caue  ihat  has  been  split,  in  whifh 
W  a  number  of  strong  parallel  flbree,  packed  closely  upon  each  other  near  the 
ior,  but  in  the  middle  widor.apart.  Pigs.  .595  aad  696  (on  a  larger  scale)  ahow 
■more  clearly.  They  sco  tho  vaacalar  bundles,  formed  of  tubes  and  vessels  im- 
Ed  in  the  parenchyma  of  the  medulla,  anrl  are  dispereed  through  the  rnlire  plant, 
he  sap  contains  variona  nitrogenous  and  njn-nitrogenous  tubstancea,  phosphates, 
ine  nits,  silica,  and  a  very  small  quantity  of  an  caaential  oil  having  an  agreeable 
r.  Through  this  oil  ingar  prepared  from  the  cane  can  be  easily  distinguished 
beet  sugar.    The  agreeable  Bmell  of  sugar  from  the  cane,  as  well  as  the  moUaaet, 
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BttwUme  amd  Conyietiium  of  Sugar  Cant — A.  longitndiDsl  uetion  of  tlw  aagtt 
euw  ID  the  rim  oondition,  when  it  bat  aequired  a  jeiLow  cokmr  and  moet  of  Uw 
laaTMbaia  Uhoi  att,  if  examined  proceeding  foim  the  eiteriar  to  thecentie,  pnernts 
the  fbllowing  pointi : — 

I.  A.  floe  Ujer  (ffg,  flg.  597),  Ifiog  upon  the  cnticla,  and  ronaieling  of  a  kind 
of  wax,  «fakh  Dnnuui  cumined  aiid  deaciibed  u  ce  rosin, 

3.  The  mtieolar  layer  (h)  with  sqnare  prominences,  lying 
,,'i    doee  opon  (be  intenwUolar  spaces  of  tiip  tiune  beneath. 

3.  Thick  wfOU  (j  j,  figs.  S97  and  o9S)  of  long  eptdemii 
eella  (■  t).  The  «epirat£  cells  lie  close  to  one  another,  though 
■  line  of  demarcation  between  them  is  peneptiblB.  n* 
call  ovitiea  ace  in  communication  with  ta^h  othar  tbnnq^ 
a  delicate  membmue  by  dncta  in  the  cell  valla. 

4.  A  Ihin-vRlli-d  c^nlarlisanefm  »)  nnderthfl  endecmii 

ill,  Be.  m>. 

5.  A  eomewhat  thick-walled  cell  tjnne,  the  membiaiMa  <t 
which  are  Uaverifd  bj  pIMA  canali. 

6.  Two  MrJea  of  bundlea  of  woody  Teuela,  panllel  with 
the  enrface,  and  mroanding  »  (pace  fiUed  with  iiinla 
In  the  flnt  leriea  theee  reewU  lie  dose  to  one  another,  a 
the  second  tbcy  are  fartbar  apart.  Similar  bandlee,  bnt  with 
fever  vood^  Teesels,  separated  more  widely  fium  rach  other 
and  lying  in  the  midst  of  larger  cells,  ocenr  as  far  a*  the 
centre  of  the  aii*  of  the  cane. 

The  layers  of  cells  between  the  epidermis  and  the  flraC  two 
■eriflB  of  wood;  bnndles  lurp  free  from  sugar.  The  sngar  ■• 
contained  in  the  thin-vslled  cells  which  BOrronnd  the  TascoUr 
bnEvUes  in  the  middle  of  the  stem. 

In  the  ripe  condition,  all  the  tissues  after  waehing  with 
water  are  colonretl  yellov  by  iodine ;  an  addition  of  solphnnc 
add  mokes  the  colour  more  intansp.  Tbe  caticle  (i,  fig.  597) 
is  coloured  orange.  Upon  treating  tbc  tissues  with  csnstie 
soda,  the  albominons  substances  aitiiated  in  the  cell  mem- 
branes are  dissolved  and  vasbed  out.  Tbe  membisnca  of 
the  small  pitted  vessels  and  those  of  the  SBgar-besring  cells 
then  give  the  cellulose  reaction,  beiog  coloured  blue  vhen 
treated  with  iodine  and  sulphuric  arid.  The  outer  cell  lajen 
vilhetand  tbe  action  of  caustic  soda;  they  become  iw(illm 
and  distorted,  and  are  broken  up  into  sepaisle  cellular  por- 
„  tions,  but  they  still  continue  to  give  the  ypUow  colour  vliso 

j;io.  6BB.  treated  with  iodine  and  snlphnric  acid. 

The  jonnger  the  cane  is,  the  more  eoetly  is  the  cellnloso  reactioo  produced.  Id 
yonng  canes  uie  Eaechatifi'rous  cells,  upon  treatment  with  iodine  and  sulphuric  add, 
take  at  flret  a  yellow  colour ;  this  it  soon  changed  to  green,  and  finally  to  blue.  Wha 
a  quite  jonug  shoat,  7  or  S  inches  long,  and  still  surrounded  b;  tbe  germinal  lanf, 
is  treated  wiui  aqueoiu  solution  of  iodine  the  entite  tissoe,  with  tbe  eireptian  of  the 
small  pitted  vessels,  is  coloured  yellov.  A  drop  of  sulphuric  add  prodocce  in  this 
a  moit  bAautifnl  microscopic  appearance.  The  tissue  of  die  kuots,  the  cuticle,  and  all 
the  inner  parts  of  vbich  are  yellow,  become  riolet  tbroogh  the  entire  thickness  of 
their  swollen  walls ;  the  cuticle  and  epidermis  take  a  deep  orange  yellov 
colour,  and  tbe  entire  thickness  of  the  cells  of  the  underlying  cellnlat 
tissue  becomes  blue.  The  small  pit1«i  vessels  are  also  coloured  blue,  and 
form  ■  blue  cylindrical  bundle,  whirh  is  surrounded  by  a  ydlow  portjon, 
consisting  of  the  large  pitted  vessds  with  their  numerous  pits,  the 
cireulsr  vessels,  and  the  woody  vessels.  In  themiddle  of  the  latter  can 
be  seen  the  inner  swollen  layer,  consisting  of  purer  cellulose,  whidi  Is 
coloured  blue. 

Throughout  the  young  stalks  and  ^oota  occur  also  numeroua  sjHral 
ressels  (flg.  SBS)  ;  but  these  disappear  afterwards,  and  are  not  delected  in 

In  the  young  stalks  and  newly  formed  leaves  numenms  starch 
granules  occur;  the  stslks  especially  contain  them  In  the  tisme  lying 
directly  under  lbs  epidermis,  snd  in  the  sugar-bearing  cells  surrotinding 
,  tbe  vascular  hunilles.  They  are  also  found  In  the  celts  surronuding  the 
"'''  vascaliir  bundles  In  the  young  leaves.  In  tbe  ripe  stalks  these  deposit* 
of  atardl  no  longer  occur,  or  at  most  in  the  upper  and  younger  internodet.  Us 
richness  of  the  sap  in   sugar  is  in  proportion    to   the  ripeness  of   the  cane:   la 
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the  unripe  condition  it  contains,  besides  starch,  many  other  foreign  bodies  that 
exercise  an  injurious  influence  upon  the  crystallisation  of  the  sugar.  For  this 
reason  the  tops  and  root  shoots  are  removed  at  the  harvest,  and  are  used  as  cuttings 
for  the  next  crop,  as  fodder,  or  as  fael.  This  occurrence  of  starch  in  the  young  parts  of 
the  plant,  and  its  disappearance  in  the  ripe  parts,  explains  how  it  is  that  many  analysts 
have  found  the  juice  of  the  sugar  cane  rich  in  starch,  whilst  others  haye  not  met  with  it. 
The  following  table  shows  the  composition  of  the  sugar  cane  when  ripe,  and  also 
in  the  first  third  of  its  development : — 

Perfectly  B^. 

Water 7104 

Cane  sugar 18*00 

Cellulose,  lignin,  pectin,  pectic  acid 9'66 

Albumin  and  three  other  nitrogenous  bodies       ....       0*65 
Cerosin,  chlorophyll,  yellow,  brown,  and  red  colouring  matters, 

fut,  resin,  essential  oil,  and  an  aromatic  soluble  substance    .       0*87 
Insoluble  salts  0*12;  soluble  salts  016;  calcium  and  magnesium 
phosphates,  alumina,  calcium  sulphate,  oxalate,  acetate,  and 
malate,  soda,  potassium  sulphate  and  chloride,  and  sodium 

chloride 0-28 

Silica 0-20 


10000 
First  Third  of  Development. 

Water 7970 

Cane  sugar  and  grape  sugar 0*06 

Cellulose  and  incrusting  matters 7*03 

Albumin  and  three  other  nitrogenuu;^  l>odies       ....  1*17 

Starch,  cerosin,  chlorophyll,  and  yellow,  brown  and  red  colour- 
ing matters.         ..:......  1'09 

Fat  and  aiomatic  bodies,  hygroscopic  substances,  essential  oil, 

soluble  and  insoluble  salts,  alumina,  and  silica      .        .        .1*96 

10000 

According  to  Casaseca,  the  sugar  is  distributed  in  the  Havanna  cane  in  the 
following  proportions : — 

Bntire  Cane       Feded  Cane  Rind 

Water 77  77*8  69-6 

Sugar,  etc. 12  16*2  11*5 

Li^eous  substances    ....     11  6  19 

The  amount  of  water  in  the  sugar  cane  increases  towards  the  top  of  the  stalks, 
und  the  greatest  amount  of  sugar  is  found  in  the  lower  third  of  the  cane,  much  less 
in  the  upper  third . 

The  average  composition  of  the  juice  of  tlie  sugar  cane  is : 

Water 8100 

Sugar 18-20 

Organic  substances  precipitated  by  lead  salts    .        .        .        .  -46 

SaUne  substances '35 


100-00 


Although  it  may  be  assumed  that  in  the  ripe  cane,  only  cane  sugar,  but  no  grape 
or  fmit  sugar,  occurs,  it  may  happen,  through  decomposition  produced  by  mechanical 
injuries  received  during  the  gathering  of  the  cane,  that  the  juice  to  be  manufactured 
will  contain  small  quantities  of  both  t^ese  kinds  of  sugar. 

The  quantity  of  cellulose,  lignin,  etc.,  is  dependent  upon  the  greater  or  less  dis- 
tance between  the  knots,  as  the  tissues  of  the  nodes  are  much  more  dense  than  those 
of  the  intemodes.    The  pectic  acid  is  also  combined  with  bases. 

The  aromatic  soluble  substance  is  soluble  in  cold  96  per  cent,  alcohol ;  it  is  preci- 
pitated by  tannin,  and  at  the  temperature  of  boiling  is  coloured  red  brown.  Accord- 
ing to  Plague  and  Henry,  this  substance  has  the  property  of  converting  the  sugar 
info  a  viscous,  tasteless  substance,  and  of  preventing  the  alcoholic  fermentation.  It 
I  be  removed  by  filtration  of  the  cold  jmce  through  animal  charcoaL 

According  to  Payen's  observations  cane  juice  contains  add  calcium  and  magnesium 


814  SUGAR. 

phosphate.  The  addition  of  a  slight  excess  of  ammonia  prodncee  a  crystalliiie  preci- 
pitate of  ammonio-magnesian  phosphate  (0*09  per  cent),  besides  a  floccolent  pre- 
cipitate, which,  collected  and  treated  with  sulphuric  acid,  jields  calciam  sulphate 
and  acid  phosphate.  Under  the  influence  of  air  and  ammonia  the  juice  \b  ooloozed 
brown. 

From  the  foregoing  figures  it  appears  that  the  unripe  cane  contains  only  about 
half  as  much  sugar  as  the  ripe  cane  and  about  a  third  less  tissue-forming  material ;  on 
the  other  hand,  it  contains  three  times  as  much  foreign  or  non-saccharine  substaoioea. 
These  differences  make  it  evident  that  in  districts  where,  through  climatic  infloenoei^ 
the  cane  does  not  come  to  perfect  maturity,  either  a  very  insufficient  yield  of  sugar 
is  obtained  or  only  syrup  can  be  produced ;  whilst  in  hot  countries  where  the  plant 
attains  its  normal  maturity,  it  yields  a  cane  containing  but  little  non-saccharine  materiaL 

The  knots  of  the  cane  are  formed  of  a  dense  tif^sue,  in  which  woody  vesselB  with 
thick  walls  predominate.  The  membranes  of  all  the  cells  are  here  much  thicker  than 
in  other  parts ;  and  the  sugar-bearing  cells  are  smaller  and  less  numerous.  The  pro- 
portion of  sugar  is  consequently  hardly  half  as  high  as  in  the  intemodes.  Am  the 
cells  not  filled  with  sugar  contain  other  constituents,  the  sap  in  the  nodes  is  propor- 
tionally inferior. 

The  ripe  canes  are  cut  down  close  to  the  base,  and  carried  to  a  warehouse  near  the 
boiling  house.  The  fiowering  stalk  and  the  leavefl  are  removed ;  and  the  four  or  Itwt 
upper  knots,  containing  less  sugar,  are  cut  off,  and  used  as  cuttings,  fodder,  or  fneL 
Further,  all  the  canes  that  have  sustained  mechanical  injury — those  broken  bj  the 
wind  or  gnawed  by  the  rats — must  be  carefully  separated,  as  these  readily  oommenee 
to  putrefy,  and  the  fermentation  may  spread  through  the  whole  contents  of  the  ware- 
house. The  juice  from  these  injured  stalks  is  mixed  with  molasses,  and  used  in  the 
manufacture  of  rum. 

The  harvest  of  canes  varies  very  much  in  the  different  colonies  aooording  to 
climate.  The  following  quantities  are  said  to  represent  the  average  yield  per  acre  for 
the  fifteen  months  period  of  growth :  Martinique,  20  cwts. ;  GKiadeloupe,  24  cwts. ; 
Reunion,  40  cwts. ;  Brazil,  60  cwts. 

Culture  of  the  Suaar  Beet. — Although  the  manufacture  of  beet  sugar  dates 
back  but  a  few  decaoes,  its  development  during  this  period  has  progressed  more 
rapidly  than  that  of  the  old  methods  of  preparing  sugar  uom  the  sugar  cane. 

It  is  now  one  of  the  most  important  of  agpcultural  industries.  It  can  be  carried 
on  profitably  and  well  only  when  the  producer  of  the  raw  material — the  beet  root- 
is  at  the  same  time  interested  in  its  manufacture  into  sugar.  When  this  is  not  the 
case,  there  is  a  possibility  that  the  producer  of  the  raw  material,  looking  after  his  own 
interests  only,  will  endeavour  to  raise  as  many  roots  as  possible  upon  his  land  irre- 
spective of  their  quality.  But  the  cultivator  who  is  at  the  same  time  a  sugar  manu- 
facturer directs  his  attention  to  raising  sugar-producing  beet  roots,  in  order  that  he 
may  bring  to  the  factory  a  superior  raw  material. 

Properly  carried  on,  the  cultivation  of  the  sugar  beet  is  greatly  beneficial  to  other 
agriculture.  The  deep  and  careful  cultivation  which  the  beet  requires  greatly  im- 
proves the  land,  the  soil  becoming  thereby  considerably  deepened,  and  the  disintegra- 
tion and  solution  of  the  mineral  constituents  greatly  accelerated. 

The  tap-root  of  the  beet,  which  is  3  to  6  feet  in  length,  descends  to  a  ^reat  depth, 
loosening  the  subsoil,  and  drawing  the  greater  part  of  its  nourishment  from  a  depth 
of  soil  which  most  other  plants  fail  to  reach.  The  nourishment  thus  obtained  passes 
partly  into  the  leaves,  and  is  left  with  them  upon  the  ground,  after  the  gathering  in  of 
the  crop.  When  the  sugar  manufacture  is  carried  on  in  connection  with  the  beet  cul- 
tivation, all  the  constituents  of  the  l^eet,  with  the  exception  of  the  carbon  obtaine<l 
from  the  atmosphere,  can  be  returned  to  the  land,  since  the  refuse  of  the  factory — the 
heads  of  the  beets,  pressings,  lixiviated  residue,  molasses,  etc. — is  consumed  by  form 
stock  and  becomes  converted  into  manure,  while  the  residuary  products  and 
the  bone  black  used,  etc.— are,  either  immediately  or  after  preparation,  incorporated 
with  the  soil.  By  such  a  method,  in  which  only  n\w  sugar,  an  organic  substance 
almost  free  from  nitrogen  or  ash,  is  withdrawn  from  the  soil,  it  is  not  exhausted. 

In  very  few  sugar  factories,  however,  is  the  molasses  used  for  fodder,  but  it  is  sold, 
and  with  it  many  important  constituents  of  the  soil — potash  salts  in  particular. 
Nevertheless,  commercial  manures  are  quite  capable  of  supplying  the  deficiency  occa- 
sioned by  the  sale  of  molasses. 

On  the  other  hand,  the  culture  of  the  beet,  improperly  carried  on,  with  no  provi- 
sion made  to  return  to  the  land  the  constituents  taken  away,  is  most  exhausting.  The 
consequences  are,  that  the  beet  roots  first  deteriorate  in  quality,  producing  a  len 
amount  of  sugar,  then  fall  off  in  quantity,  and  at  last  become  stunted  and  liable  to 
disease.  Hoots  that  appear  sound  when  gathered,  become  in  a  short  time  deeayed 
and  afterwards  completely  rotten. 


being  here  hIbo  shown 

if  the  tmouIbt  Imndliw. 

hjnin  lyiae  botween  ill" 

'.     The  parenchyniB  a'lU 

Bur&co  of  thn  beet.     In  thn 

id  nn  ienliiUd  tmoc),  the  diirfc 

The  <hirk  (relU  {e  e)  mnriiiii 

luLkte,  ivnd  thoj  are  found  in  ihi' 

IK  iif  four  or  five  Inyei-^  nl" 

tth  silicic  iicid,  calcium  HaltH,  nrid 

layer  of  cells  rich  in 

nd  B^onxiiig  mattai  which  form> 


816 


STTQAB. 


of  t)M  beet  with  the  leaTM  Utaehed,  but  sometimoa  thej  &ra  vTeDched  off  witli  the 

hnoi.  leBTing  the  root  eotire,  b;  vhich  method  the  inaer  part  of  the  root  ii  lew 
ezpusad  to  the  action  of  the  sii  and  remaina  Bounder.  The  leaves  ■hoold  neTar  be 
remoTed  before  the  beets  are  gathered.  The  pits  oaaJ  for  storing  tha  roots  an 
uroally  dog  in  the  field  itself  as  near  Bs  poaaible  to  the  road,  ao  as  to  admit  cf  the 
beats  being  easily  carted  awaj.  The  pits  are  prepared  in  a  way  rimilar  to  those  used 
for  atoriag  potatoes  (see  p.  T8T).  Some  numahctnrers  prefer  lai^  pits,  others  anin 
select  piU  of  smaller  dimennoosi  some  corer  in  their  pita  deeply  at  once,  otheis 
prefer  to  vail  until  cold  weather  sets  in  ;  in  ercry  cose  the  chief  object  in  Tiew  is 
to  keup  the  pita  dry  and  preserre  them  agaiast  a  change  of  t^mperatnre.  The  pits 
ehoold  be  well  protected  ag^nst  the  winter  &osts,  and  agaiast  a  sudden  ooenrttniee  of 
warm  weuilher  in  the  spring.  The  &asls  of  winter  are  hiirdl;  more  dtunagin^  than 
warm  weathur  in  the  apring,  which  cknses  the  beets  to  Bpraat  in  the  pit,  ana  lose  a 
eoDsidomble  part  of  their  sngar.  Loss  of  sngar  goes  on  dnring  the  whole  of  the  time 
the  beeta  are  kept,  bo  that  even  the  beet  contain  considerably  leas  sugar  in  February 
than  in  October,  and  in  Harcb  and  April  the  loss  iDcreaaee,     The  stonng  time  sbonld 


many  varieljes  of  beet,  all  c^  which  have  proceeded  from  the  wbit«  sog^r  best 
originally  cnltivHted  in  Silesia.  Where  plants  of  good  quality  are  at  hand,  it  is  well 
to  raise  the  seed  from  them,  provided  the  flehi  where  tney  are  grown  is  aoffidently 
distant  from  other  fields  i^aeod  beet;  if  this  precaution  be  not  taken,  it  is  imposnbb 
(o  guard  against  hybridieing.  To  the  proper  culture  of  the  beet  seed,  the  Qerman 
mauufacturerB  are  greatly  indebted  for  the  high  position  which  the  BOAT  indosliy 
has  reached  among  them,  they  being  in  this  respect  far  beyond  their  French  com- 
petitors. Generally  it  may  be  stated  that  in  the  Q-erman  foctoriea  9  per  cent  of 
crystallised  Bn^ar  ia  obtained  from  the  roots,  while  the  French  do  not  got  m(ve  than 
S  to  7  pec  cent. 

Attalomical  Structure  of  tht  Sugar  Bttt. — If  *  sogar  beet  be  cut,  its  croas-saetjw 
exhibits  a  number  of  concentric  rings.  At  the  eilerior  are  seen  five  or  eii  oonrses  cf 
cells  which  form  the  epidermis.  These  cells  eoosiEt  of  mnch  thickened  membiauei, 
and  coDtAiu  albumin,  oil,  salts  of  calcium  and  silicic  add.  Frequently  ths 
epidermis  is  bruised  oc  injured  during  growth,  and  when  this  ocean  the  nudarljing 
eella  become  convartsd  into  epidermis  by  thickening  of  thei/membransa,  thus  m^i« 
compensation  for  the  injury,  and  aecaring  the  protection  of  the  tiasaes  underneath 
This,  however,  is  not  a  peculiarity  of  the  epidermis  of  the  sugar  beet,  for  the  ssma 
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plants  provided  with  an  epider 

Immediately  under  the  epidermis  lies  a  layer 
of  cells  ri(h  in  protoplasm,  which,  when  the 
plants  are  eipoeedtothe  light,  form  chlorophyll; 
to  this  ih  due  lim  green  cjlour  of  thai  part  of  ths 
beet  which  is  not  covered  by  the  earth.  Ths 
whole  of  the  lemaiader  of  the  beet  consists  of 


Btrically  disposed  i: 
parenchTma  consists  of  small  cylindrical  ronndisli 
or  polyhedral  cells,  and  ie  reeoguissbte  in  thf 
beet  by  its  white  colour  and  its  stmcture.  The 
rircnlarly  dlBposed  vascnlar  bnndlee  may  be  seen 
with  the  naked  eye,and  are  easily  distingnished 
from  the  parenchyma.  The  parenchyma  cells 
are  filled  vith  the  sugar  sap,  and  in  good  beets 
this  kind  of  tissue  is  present  in  ConsidsnUj 
greater   quantity    than    in    beeta    of    inferiu 

Duality— a  fact  whi(&  allows  the  value  of  dJf- 
irent  kinds  of  beets  to  be  approximately  e*ti- 

The  anaWmical  alructnre  of  tha  sugar  best 
IB  ahuwn  in  fig.  400  which  represents  a  longi- 
tudiiial  section  of  the  sugar  beet,  showing  tM 
spindle  abape,  and  the  langtjLp  root  reaching  from 
3  to  6  feet.  In  digging.  th<'  root  is  usually  ton 
ofT  at  the  point  H,  and  remaina  in  the  groKud, 
producing  by  its  decomposition  and  decay  a 
mellow  condition  of  the  soil,  its  constitneDt 
elements  becoming  available  fbr  fatore  erops. 
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Tha  hwd  of  the  boet  (f>  c).  which  pTotrud(4  from  the  ground,  amuniva  (t  ffteno  colonr 
npon  eipoonra  to  lliB  light;  it  cuntniiiB  litllu  sugnr,  but  more  foreifio  miitter  than  the 
Temaiadsr  of  tht  lioet.  Honco  thoie  variatiea  nre  prcfarred  of  whicli  iho  hirgeet  por- 
tion possiblo  gcuws  under  the  I'Artli.  'Die  ditttulrantage  vuuld  be  vn?  grept  if  the 
part  aboTB  grouad  Ditondcd  h&  inr  as  ]s  nhown  hj  the  letters  (a  d)  Upon  tho  top  of 
the  beet  (e)  is  n  pithy  apot  contnining  much  watec  and  suits  and  bat  little  uagar 
The  tiasae  which  farms  this  pith  t^mily  unJariiioeH  changa  dnnng  tbo  npeniug  of  the 
plant,  cSTitioB  baiag  producsd  through  <li.g<  Deration  of  the  wlla.  At  a  later  period 
this  decompoaition  readily  eileDdn  tu  tbe  other  parts  of  the  beet 

The  white  amea  (a  e  c  n  h)  in  this  mution  ^    _  -.^— ^ 

show  the  Bugar-bearing  tiasueB  which  Burrouod  ^j/       "  ^ 

the  vaKnilar  bondliiS.     Tha  part  of  tha  l>eet  be  ^^  , 

tween  theeo  rings  either  contains  very  little  sugar 
or  none  at  all. 

Fig.  601  shows  a  croBB' auction  ut  the  same 
ntriety  of  beet,  in  which  ihn  poaitinn  ut  the  con 
eeottic  layers  is  very  nolicuable.  In  the  middle 
round  the  alia  of  the  rout,  may  be  seen  the 
vaacolar  bundles  sarrounded  \>y  tbo  sugar 
bearing  tiKnes,  which  gives  to  this  part  tha  ap 
paaiBoce  of  a  linged  Barface  (a).  Another  circle 
(b)  aimilacly  shows  the  i-Hsculac  bundles  Bur 
rounded  by  sogar-beariug  tl 


The  r 


othesi 


rclea    (c  1>  B  0  ^^ 


itioii  iif  u  trims-section  aa  it  iippeare  under  the  microscope 
and  shows  tha  details  more  cli-ariy.     The  »>ncs  of  Viiacular  bundles  are  shown  at 
with  the  «ap-)iearing  vessils  (a  a  a)  in  the  midst  of  these  zones,  and  beneath 
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&*  a  lunratodinal  Bectiou  of  such  a  zone,  the  Hap-hoAring  Tciweln  being  here  also  Bhown 
^■t^  The  letter  b  in  both  soutionamarkB  the  cam>ilnm  portion  of  the  rascal nr  hnndles, 
"^ka  ealla  of  which  are  conBiilombly  elouKated.  The  parenchyma  lying  between  the 
""^MWlllnr  bundles,  which  containti  the  sugar,  is  shown  si  c.  The  parenchyma  cells 
'WbmdB*  more  approximated  tu  each  otiier  towards  iho  surface  of  the  beet.  la  tbe 
^aitaide  ring  are  dark  lemi-tJTuiaparont  cells  (c  e)  around  an  iwilatcd  tmbcI,  the  dark 
-fOdls  beiiw  oeain  sorronnded  by  Hugar-beoring  cella.  Tho  dark  cells  (e  t)  contnin 
^■■■11  crystals  of  cryBtallino  agclomernte  of  calcium  oxalate,  nnd  they  are  found  in  the 
^^Mest  qoantity  near  the  head  of  tho  l>eet. 

Fig.  S02  shows  also  Uie  cpideTmin  tissue  {d  d),  coDwstinK  ''f  f"or  or  firo  biyers  of 
^sdlt,  the  membranes  of  which  are  impregnatoil  with  siliric  acid,  calcium  salts,  and 
^^7  and  nitrogenons  snbstances.  Under  thr  epiJcnnis  is  a  layer  of  cells  rich  in 
X*otaplusin.  and  in  the  rod  varieties,  eoiitaining  the  red  oolunriDg  matter  which  formi 
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chloroph  jU  apon  exposure  to  lights  At  cT  is  shown  a  lesion  of  the  epidermis,  where 
the  cell  layers  lying  under  it  have  become  changed  into  epidermis. 

Composition  of  the  Beet.—By  fitf  the  greater  part  of  the  sugar  beet  consists  of 
water  and  substanoeA  dissolved  in  water.  If  the  beet  be  reduced  by  attrition  upon  a 
rasp,  or  pulper,  so  that  the  cellular  membranes  are  thoroughly  broken  up,  a  pulp  is 
obtained  from  which,  by  treatment  with  water,  all  that  is  soluble  may  be  removed, 
leaving  the  cell  membranes  and  the  insoluble  constituents  of  the  tissue.  When  dried 
this  residuum  is  equal,  upon  an  average,  to  4  per  cent,  of  the  weight  of  the  beet.  The 
variation  in  the  amount  of  resiilutim  is  never  very  great,  being  never  below  8  or  exceed- 
ing 6  per  cent.  It  can  therefore  be  assumed  that  the  beet  consists  of:  pith  or  residue 
4  per  cent.,  sap  96  per  cent. 

The  composition  of  the  sap  is  influenced  greatly  by  the  quality  of  the  beet,  the 
nature  of  the  soil,  the  manuring,  and  the  character  of  the  weather.  Even  if  beets  be 
grown  throughout  under  similar  conditions,  they  will  exhibit  the  greatest  diversity  of 
Cf>mposition   in   individual  specimens.     In    an   examination  of  about  one  hundred 

rimens  of  beets  grown  under  like  conditions  upon  the  same  field,  it  was  found  thar 
dry  substance  varied  between  13*37  and  21*52  per  cent.,  the  mean  of  all  the  ol>- 
servations  being  1819.     If  the  amount  of  insoluble  residue  be  estimated  at  4  per  cent, 

the  following  will  be  the  result : — 

MaTJmnni  Minimnm  Mean 

Sap  ingredients 17*52  937  14*19 

Water 78-48  86*68  81*81 

Insoluble  residue          ....       4*00  4-00  4*00 

By  far  the  largest  part  of  the  sap  ingredients  is  sugar  (cane  sugar),  but  the  pro- 
portion  varies  within  wide  limits,  dependent  upon  a  variety  of  circumstancea. 

1.  7^  quality  of  the  Seed. — There  are  so-called  sugar  beets,  the  proportion  of 
sugar  in  which,  under  even  the  most  favourable  circumstances,  does  not  amount  to 
more  than  8  or  9  per  cent.,  while  other  choice  seeds  produce  beets  containing  17  psr 
cent  and  upwards  of  sugar. 

2.  The  nature  of  the  Soil. — A  soil  unsuited  to  beet  culture,  even  if  the  seed  be  of 
the  best,  will  not  vield  beets  containing  so  much  sugar  as  is  secured  from  beet 
grown  in  more  suitable  soil.  If  a  great  amount  of  stable  manure  is  used  also,  the 
crop  of  beets  will  be  large,  but  will  leave  much  to  be  desired  as  to  quality.  Repeiited 
experiments  have  shown  that  beets  manured  in  autumn  withpotassiun^  salts  are  modi 
richer  in  sugar  than  those  not  thus  manured. 

3.  The  size  of  the  Beets. — Usually  the  larger  the  beet,  the  poorer  it  is  in  sugar; 
the  greater  the  circumference,  the  greater  the  amount  of  water  and  foreign  elements 
contained  in  the  sap. 

4.  The  Weather. — The  weather  has  the  greatest  influence  upon  the  beet  at  tb« 
close  of  its  growth,  when  the  phint  is  maturing.  If,  in  consequence  of  rain  followed 
by  warm  weather,  the  ripe  beets  commence  a  second  growth,  the  quantity  of  sugar 
diminishes  daily,  it  being  U8e<l  up  for  the  nourishment  of  the  new  leaves. 

6.  Other  causes  which  cannot  be  explaim^d  co-operato  with  those  mentioned,  and  ths 
result  is  that  beets  grown  under  similar  conditions,  raised  from  the  same  seed,  upon 
the  same  ground,  and  in  the  same  year,  are  never  found  to  contain  precisely  the  same 
percentage  of  sugar  and  other  constituents. 

Experiments  made  upon  about  one  hundred  specimens  of  sugar  beets  gave  the 
following  percentage  composition  of  the  juice : — 


Sugar . 

Other  substances 

Water 


Maximum 

Hinimnm 

Keen 

17-68 

9-56 

13*98 

3-51 

•38 

1*78 

81-20 

87*65 

84*45 

There  being  so  great  a  diversity  as  to  the  quantity  of  sugar  in  individual  specimeoi. 
it  is  plain  that  no  correct  estimate  can  be  formed  of  the  amount  of  sugar  contained  in 
a  large  quantity  of  beets,  even  if  they  have  been  grown  in  the  same  field.  It  is  im- 
portant to  bear  in  mind  the  great  liability  to  error,  in  drawing  conclusions  from  tbt 
results  of  single  experiments  as  to  the  amount  of  profit  to  be  derived  from  the  mami- 
facture  of  considerable  quantities.  In  order  to  get  tolerably  correct  data  for  deUr* 
mining  the  amount  of  sugar  in  quantities  of  beets,  ihe  juice  from  twenty,  thirty,  or 
even  fifty  specimens  should  be  well  mixed  and  then  examined.  Of  the  remandng 
ingredients  of  the  juice,  the  following  may  be  mentioned: — 

Grape  Sugar  iind  Fruit  Sugar. — In  beets  ofgood  quality,  mere  traces  or  Dona 
at  all  of  those  kinds  of  sugar  are  found ;  they  result  from  the  transformation  of  caM 
sugar  through  the  rotting  or  germination  of  the  beet.  Their  presence  is  disMdna- 
tageous,  owing  to  the  fact  that,  in  the  process  of  refining  the  juice,  they  remain  in  ths 
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alkaline  solntioD,  and  qnickly  decompose  upon  contact  with  the  air,  ImpArting  a  dark 
oolonr  to  the  juice,  that  requires  a  considerable  expenditure  of  bone  black  for  its 
lemoval. 

Organic  Acids. — Oxalic,  tartaric,  citric,  malic,  and  some  other  aeids,  combined 
with  potassium,  sodium,  calcium,  magnesium,  and  other  bases,  sometimes  as  neutral, 
and  sometimes  as  acid  salts.  In  the  refining  of  the  juice  the  acid  salts  are  neutralised 
by  the  addition  of  lime,  and  the  acids  previousW^  combined  with  alkalies  become 
for  the  most  part  conyerted  into  calcium  salts.  The  calcium  salts  occurring  in  the 
sap  of  the  beets  combined  with  organic  acids  are  usually  insoluble  in  water ;  they 
are  therefore  removed  in  the  process  of  clarifying.  But  their  removal  by  this  process 
is  not  complete,  owing  to  the  fact  that  the  salts  insoluble  in  pure  water  are  slightly 
soluble  in  water  containing  sugar  in  solution.  Consequently  a  portion  of  the  calcium 
salts  remains  in  the  juice,  and  is  afterwards  removed  by  means  of  animal  charcoal. 

Gum,  Starch,  and  Fatty  Substances. — These  substances  occur  only  in  very 
small  quantities,  and  are  easily  removed  in  the  first  process  of  clarifying,  and  by  the 
treatment  with  animal  charcoal. 

Colouring  Matter. — In  tho  undamaged  beet  the  juice  is  colourless,  but  as  soon 
as  it  comes  into  contact  with  air,  it  becomes  coloured,  first,  of  an  indefinite  grey  colour, 
then  reddish,  and  frequently  a  rather  deep  brownish  red ;  after  long  exposure  to  the 
air  it  becomes  almost  black.  The  composition  and  properties  of  this  colouring  matter 
which  thus  decomposes  upon  exposure  to  the  air  are  not  known.  It  is  easily  removed 
from  the  juice  by  treatment  with  lime  or  basic  lead  acetate.  The  red  varieties  of 
beet  contain  also  a  red  colouring  matter  in  the  sap.  The  part  of  the  otherwise 
colourless  beet  which  grows  above  the  ground  always  contains  chlorophyll  in  the  outer 
cell  layers. 

Albumenoids. — Among  the  different  albumenoid  compounds  in  the  beet  is  albu- 
min itself.  Upon  heating  the  sap,  this  curdles  into  fiakes  insoluble  in  water  and 
separates  out  as  a  scum.  Upon  treatment  with  alkalies  the  albumin,  which  is  otherwise 
insoluble  in  the  boiling  liquid,  becomes  decomposed  and  goes  partly  into  solution. 
The  removal  of  this  dissolved  albumin  is  extremely  difficult,  a  part  of  it  always 
remaining  in  the  juice  and  in  a  modified  form  in  the  syrup.  Albumin  being  itself 
incapable  of  crystallising,  prevents  the  crystallisation  of  sugar  also.  The  smaller, 
therefore,  the  proportion  of  albumin  contained  in  a  beet  juice,  the  better  it  is  fitted 
for  the  operations  of  the  factory,  and  methods  of  obtaining  tho  juice  must  be  estimated 
according  to  the  relative  amount  of  albumin  in  the  juice  they  yield. 

As  par  agin. — A  nitrogenous  organic  substance,  widely  distributed  in  the  veget- 
able kingdom,  which  may  be  considered  as  an  amide  of  malic  acid.  Upon  boiling 
with  alkaline  fluids  in  the  clarifying  process,  asparagin  is  decomposed  into  aspartic 
acid  and  ammonia,  the  latter  escaping  with  the  steam. 

Betaine. — ^A  nitrogenous  organic  base  discovered  by  Scheibler  in  beet  juice,  the 
composition  of  which  is  represented  b;f  the  formula  C,}H„N,0«.  It  is  very  soluble 
in  water,  and  is  not  removed  from  the  juice  during  the  manufacture,  but  passes  into 
the  molasses  in  the  crystallising  process. 

Ammonia  and  Nitric  Acid. — The  first  is  combined  with  different  acids,  the 
latter  chiefiy  with  potassium.  The  ammonium  salts  are  decomposed  in  the  clarifying 
process,  the  ammonia  escaping  during  the  boiling  of  the  juice,  giving  rise,  together 
with  that  from  the  decomposition  of  asparagin  and  albumenoids,  to  tho  penetrating 
smell  of  ammonia  which  is  present  in  a  sugar  factory,  especially  in  the  neighbourhood 
of  the  clarifying  vessels.  The  amount  of  ammonia  escaping  is  sufficiently  considerable 
to  render  its  recovery  desirable.  According  to  some  experiments  of  Ecisct.  juice 
from  different  kinds  of  beets  yielded  0*441  to  0*775,  or  on  an  average  0*634  parts  per 
1,000  of  ammonia.  In  a  daily  consumption  of  60  tons  of  beets,  this  would  represent 
about  66  lbs.  of  ammonia,  or  for  the  whole  season  of  five  months  about  4^  tons,  which 
would  represent  a  large  sum  could  it  be  utilised  in  manure.  The  proportion  of 
nitrates  varies  from  the  merest  traces  to  considerable  quantities,  the  amount  being 
dependent  upon  the  richness  in  these  compounds  of  thu  soil  in  which  the  beets  are 
grown.  Potassium  nitrate  being  very  soluble  in  water,  it  is  not  removed  during  the 
manufacture,  but  crystallises  out  with  the  sugar.  Raw  sugars  have  come  into  the 
market,  especially  from  Russia,  which  have  contained  a  very  largo  proportion  of 
potassium  nitrate. 

Other  Inorganic  Substances. — Potash,  soda,  lime,  magnesia,  ferric  oxide^ 
phosphoric  acid,  sulphuric  acid,  and  chlorine,  are  never-failing  constituents  of  plants, 
and  are  therefore  always  found  in  beet  juice.  They  are  partially  removed  dunog  the 
manufacture,  and  part  passes  into  the  sugar,  but  the  largest  proportion  is  found  in 
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the  molasses.  Many  other  substances  occur  in  the  boot  juice,  concerning  the  nature 
and  properties  of  which  nothing  is  yet  known.  They  are  tho  substances  called  ex- 
tractives, which  require  to  be  further  studied. 

The  constituents  of  the  juice,  other  than  cane  sugar  and  water,  are  all  in- 
cluded under  the  name  of  non-saccharine  matters.  The  relative  behaviour  of  the 
individual  members  of  this  group  varies  greatly ;  some  may  be  very  easily  removed 
£rom  the  juice,  others  require  a  considerable  expenditure  of  clarifying  material; 
others  again  cannot  be  got  rid  of  at  all,  while  some  so  greatly  hinder  the  crystallisa- 
tion that  a  portion  of  the  sugai'  is  consequently  lost.  Hence,  the  value  of  a  beet  for 
sugar  mani^acturing  is  not  dependent  alone  upon  the  amount  of  sugar  it  containB, 
but  the  amount  of  non-saccharine  matter  is  also  very  important.  Two  varieties  of 
beet  containing  the  same  quantity  of  sugar  may  yield  widely  varying  amounts  of 
crystallised  sugar.  For  example,  a  beet  which  contains  14  per  cent,  of  sugar  and  2  per 
cent,  of  non-sacchsirine  matter  will  give  very  satisfactory  results,  while  anoUier  also 
containing  14  per  cent,  of  sugiur,  but  with  4  per  cent,  of  non -saccharine  matter,  will 
hardly  pay  for  working  up. 

In  estimating  the  value  of  a  specimen  of  beet,  therefore,  the  relative  proportions  of 
sugar  and  non-saccharine  matter  should  be  accurately  determined.  As  every  con- 
stituent which  is  neither  sugar  nor  water  is  non-saccharine,  it  is  sufficient  to  deter- 
mine the  amount  of  dry  substance  and  of  sugar  in  the  juice.  The  amount  of  sugar  is 
determined  either  by  an  hydrometer  or  by  polarisation  (see  p.  ) — the  diy 
substance  by  evaporating  a  previously  weighed  or  measured  quantity  of  the  juice,  and 
weighing  the  residuum.  The  difference  between  the  percentage  of  dry  substance  and  of 
sugar  gives  the  amoimt  of  non -saccharine  matter.  The  determination  of  the  dry  sub- 
stance in  the  juice  is  not  easy,  some  aptitude  in  chemical  manipulation,  and  the  expendi- 
ture of  considerable  time  while  the  evaporation  is  going  on,  being  necessary.  Besolts  suf- 
ficiently accurate  for  most  purposes  may  be  obtained  by  means  of  the  sacchar  ometer. 
The  saccharometer  made  by  Brix  and  others  is  a  hydrometer,  tbe  tube  of  which  is 
graduated  in  such  a  manner  that  each  division  represents  1  per  cent,  by  weight  of 
sugar,  in  a  liquid  containing  sugar  in  solution.  If,  for  instance,  the  instrument  sinks 
in  a  solution  of  sugar  to  the  15^  of  its  scale,  the  solution  contains  15  parts  of  sugar  in 
every  100  parts  of  the  mixture.  If  the  solution  contains,  besides  sugar,  another  sub- 
stance having  precisely  the  same  specific  gravity,  the  reading  of  the  saccharometer 
gives  the  purccntiigo  weight  of  sugar  and  the  foreign  substance  together.  If,  however, 
the  specific  gravity  of  the  substance  in  solution  with  the  sugar  differs  from  that  of 
sugar,  the  saccharometer  no  longer  gives  the  precise  amount  of  dry  residue.  For 
example,  in  a  solution  containing  1 4  per  cent,  of  sugar  and  2  per  cent,  of  some  sub- 
stance having  a  specific  gravity  higher  than  that  of  sugar,  the  saccharometer  will 
register  more  than  16^.  If,  however,  the  specific  gravity  of  the  second  body  be  less 
than  that  of  sugar,  the  saccharometer  will  indicate  an  insufficient  proportion  of  diy 
residue. 

As,  however,  sugar  forms  in  all  cases  the  principal  constituent  of  beet  juice, 
whilst  non-s<iccharine  substances  occur  in  rebitively  small  quantities,  and  as  moreover 
these  non-sacc'harine  matters  consist  of  a  mixture  of  substances  of  diffi)rent  specific 
gravities,  many  being  of  the  same  i^pecific  gnivity  as  the  sugar,  some  greater  and  some 
less — the  saccharometer  always  gives  results  which  are  sufficiently  exact  for  most 
purposes.  In  practice,  therefore,  it  is  generally  used  for  determining  the  amount  of 
dry  residue,  the  difference  between  the  results  of  the  isaccharometer  and  tho  polariser 
being  taken  as  indicating  non-saccharine  nuitter. 

For  example,  tho  saccharometer  shows  16°  or  16  per  cent.,  and  by  polarisation 
14  per  cent,  of  sugar  is  found;  the  juice  then  contains  16  —  14  =  2  per  cent,  of  non- 
saccharine  matter,  or  }^  =  0'87<)  of  sugar.  This  fraction,  which  thus  shows  the  pro- 
portion both  of  dry  residue  and  sugiir,  is  called  the  su^ar  quotient  or  sugar  factor, 
and  indicates  that  in  100  parts  of  dry  substance  in  the  juice  examined,  87*6  parts  are 
sugar,  and  12*5  are  non-saccharine. 

Similarly  a  non-saccharine  factor  can  be  obtained  showing  the  relation  of  sugar  to 
non-saccharine  matter.  In  the  example  given,  the  traction  is  ^b  0*143,  the  non- 
sugar  quotient,  which  indicates  that,  for  every  100  parts  of  sugar  in  the  juice,  there 
are  14*3  of  non-saccharine  constituents. 

Besides  the  constituents  of  the  juice,  those  of  the  pith  have  also  to  be  considered. 
When  the  pitli  is  completely  dei>rivod  of  sap,  it  consists  essentially  of  the  membranes 
of  the  parenchyma  cells,  and  of  the  more  or  less  woody  portions  of  t  he  vascular  bundles, 
the  whole  cemented  together  by  ix<>ctous  substances.  Neither  the  pure  cellulose  nor 
that  which  is  partly  converted  into  wood  is  of  significance  in  the  sugar  manufactuio; 
for  should  some  of  it  pass  into  tho  juice,  it  simply  causes  a  mechanical  turbiditf 
which  is  very  easily  removed.  With  the  pectous  substances  it  is  however  entirely 
difiTercnt.    They  become  converted  into  motapoctic  acid,  upon  being  salgected  to  tiie 
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action  of  alkaline  liquids.  This  acid,  combining  with  the  lime  daring  the  olarification, 
becomes  conyerted  into  non-crystallisable  calcium  metapectate.  Since  all  non-cryutal- 
lisable  bodies  impede  the  crystallisation  of  the  sugar,  the  presence  of  this  calcium 
metapectate  is  a  hindrance  to  the  proper  working  up  the  juice.  For  this  reason  the 
mixture  of  any  pith  with  the  juice  should  be  ciirofully  avoided. 

The  Operations  of  the  Sugar  Factory, — The  production  of  sugar  consists  essentially 
of  a  number  of  operations,  partly  mechanical,  and  partly  of  a  chemical  nature,  ctirried  on 
in  various  ways,  and  by  the  aid  of  apparatus  of  various  construction.  They  consist  in — 

1.  The  extraction  of  the  saccharine  juice. 

2.  The  treatment  of  the  juice  with  the  object  of  separating  dissolved  and  suspended 
impurities. 

3.  The  evaporation  of  the  clear  juice. 

4.  The  crystallisation  of  the  sugar. 

According  as  tlie  material  from  which  sugar  is  to  be  obtained  is  sugar  rane  or  beet 
root,  the  several  operations  carried  out  differ  somewhat  in  detail,  though  they  are 
essentially  of  the  same  nature. 

Expression  and  Preparation  of  the  Juice. — The  working  of  sugar  cane  is  carried  out 
in  various  ways.  Many  factories  have  still  the  simplest  and  most  imperfect  arrange- 
ments ;  others  are  provided  with  all  the  improved  apparatus  used  for  similar  purposes 
in  the  beet-sugar  manufactories. 

In  the  older  fiEictories,  the  juice  is  obtained  by  simply  crushing  the  cane  between 
channelled  stone  cylinders ;  in  many  factories  iron  cylinders  are  used.  The  motive 
power  is  variously  water,  wind,  horses,  or  cattle,  and  sometimes  steam. 

The  juice  runs  from  the  cylinders  through  a  trough  into  a  collecting  vessel,  where 
it  stands  for  an  hour  to  allow  fragments  of  crushed  cane,  sand,  etc.,  to  deposit.  This 
delay  before  the  defecation  is  however  highly  injurious,  as  it  may  allow  of  the  com- 
mencement of  fermentation. 

An  essential  improvement  has  been  obtained  in  the  colonial  manufactories  by  the 
introduction  of  more  perfect  presses.  Whilst  the  old  presses  scarcely  squeezed  out 
half  the  juice,  the  newer  presses  at  first  gave  60  to  65,  and  afterwards  by  f^irther  im- 
provement 70  to  72  parts  of  juice  from  100  parts  of  cane. 

These  presses  consist  of  three  hollow  cast-iron  cylinders,  mounted  horizontally  in 
a  strong  iron  frame.  By  means  of  pressure  screws,  which  move  the  bearings  in  which 
the  individual  cylinders  revolve,  they  may  be  brought  nearer  to  or  removed  further 
from  each  other.  One  of  the  cylinders  is  set  in  motion  by  spur  wheel  and  pinion,  and 
toothed  wheels  on  the  axes  of  the  other  cylinders  work  in  one  another  so  as  to  commu- 
nicate the  motion  to  them.  The  cane  to  be  pressed  is  carried  upon  an  endless  band 
to  an  inclined  staging,  and  passed  between  the  first  pair  of  cylinders,  where  it  is 
pressed  flat,  and  is  then  press&d  a  second  time  between  other  cylinders.  As  the  in- 
terval between  the  first  pair  of  cylinders  differs  fr^m  that  between  the  second  pair,  the 
pressure  on  the  cane  varies.    At  first  it  is  only  crushed. 

In  order  to  allow  the  juice  time  to  fiow  away,  the  motion  of  the  cylinders  has  to 
be  a  very  slow  one.  From  70  to  75  parts  of  juice  are  obtained  in  Cuba  and  Reunion 
from  100  parts  of  cane. 

This  satisfactory  result  is  due  to  the  great  solidity  of  the  presses  and  their  moant> 
ings,  and  also  to  the  slow  motion  given  to  the  cylinders,  whicn  make  only  one  revolu- 
tion in  two  minutes.  In  order  to  increase  the  production,  this  slowness  of  motion  is 
compensated  by  large  dimensions,  the  cylinders  constructed  having  sometimes  a 
diameter  of  3^  feet,  and  a  length  of  nearly  7  feet.  They  yield  daily  from  70,000  to 
90,000  gallons  of  juice,  and  are  driven  by  90  horse  power. 

The  more  perfect  removal  of  the  juice  causes  however  a  scarcity  of  fuel.  When 
only  half  of  the  juice  is  pressed  from  the  cane,  the  trash  from  100  parts  of  cane  still 
contains  10  parts  of  fibre  and  10  parts  of  sugar,  corresponding  in  heating  value  to 
20  parts  of  wood.  When  70  parts  of  juice  are  obtained,  tbere  remains  in  the  trash 
only  4  parts  of  sugar  together  with  10  parts  of  fibre,  representing  only  14  parts  of 
combustible  material  analogous  to  wood,  or  nearly  one  third  less  than  before.  But 
with  this  smaller  quantity  of  fuel,  there  is  two  fifths  more  juice  to  evaporate.  The 
improvement  in  the  presses  therefore  necessitates  an  improvement  in  the  evaporating 
apparatus. 

It  often  happens  that  several  knots  in  the  cane  come  simultaneously  between  the 
cylinders,  or  that  a  foreign  body  may  enter,  and  cause  so  great  a  resistance,  as  to  en- 
danger breaking  a  necessary  part  of  the  apparatus.  In  order  to  prevent  this,  one  of  the 
least  important,  because  easily  replaced,  parts  of  the  machine,  the  shaft  which  com- 
municates the  movement  to  the  pinion  of  the  larger  wheel,  is  made  comparatively 
weaker.  If  therefore  a  stoppage  takes  place,  the  probability  is  that  this  shaft  will 
give  way.  A  reserve  of  shafts  is  therefore  provided,  so  that  the  broken  one  can  be 
replaced,  and  the  working  proceed  without  loss  of  time.     Another  more  suitable 
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method  Fooeiat^  in  coimectiag  one  of  the  wheels  vith  Uifl  principBl  sh&ft  bj  m  friction 
coupling :  if  the  lerisUnce  abonld  then  be  t«o  great,  the  wheel  lemaina  tMituttj, 
the  sbuft  OTsrcomiDK  the  friction  of  the  coDpling. 

Thej'ielilof  juice  may  ba  alJU  fucthef  improved  b;  heating  the  cjdindar  of  th* 
pMBS  nit  h  steam.  The  bent  causes  the  cane  Ui  lose  part  of  its  elasticitj,  and  alhiv 
the  iuicp  to  Bow  out  more  freel]',  whilst  Uie  cane  also  expands  less  upon  liw  nmoral 
of  thi-  pressDCE,  and  therefore  sucks  up  less  juice. 

Id  the  manufacture  of  augar  from  beetroots  theeitiactiouof  tbejniceTeqnirwtobe 
preceded  b;  a  cleansing  operatioD  b;  which  the;  are  first  fteed  from-eortb,  sand,  atones, 
grit,  etc  ,  so  as  toiiFoid  injury  to  the  machi aery  io  which  thej  are  afterwards  worked  np. 
For  thiii  purpose  a.  washio);  cylinder  is  used,  such  as  is  described  on  p.  764,  It  consiiM 
ossontiatly  of  a  long  cylindrical  body,  rando  either  of  wooden  laths,  or  of  perforated 
iron  Hurronoding  n  rerolvrng  axis,  which  with  its  barrel  is  supported  in  a  large  tnni^ 
corresponding  in  size  and  filled  with  wster.  At  one  end  of  the  cylinder  is  an  opening 
for  Che  introductio}!  of  the  beets,  and  at  the  other  is  a  self-acting  arrangement  tiy 
means  of  which  the  beets  are  removed  from  the  wash.  By  means  of  suitable  cog- 
wheels, the  cylinder  is  rotated  ten  or  fifteen  times  per  minnte ;  Che  beets  are  thna  nt 
■n  rapid  motion  in  the  water,  so  that  the  earth  dlngmg  to  them  is  loosened  and  nbbsd 
away.  Sand  and  atones  at  once  aink,  and  fall  through  the  opeoinfp  of  tbe  cylinds 
to  the  bottom  of  the  vnt,  from  which  they  are  fhim  time  to  time  remoTeiL  Ilw 
lighter  portion  of  earth  remains  incorporated  with  the  water,  and  is  removed  eithsr 
by  renewing  the  water  irom  time  U>  time,  or  by  a  constant  stream  of  water  nmniif 
through  the  vat.  By  slightly  raising  the  temperattire  of  the  water,  the  nmiovaI<rf 
toogh  clay  ia  greatly  facilitated.  Tbis  is  effected  by  means  of  a  steam  pipe  laid 
along  the  Hoor  of  the  vat ;  but  it  is  only  necessary  when  the  beets  are  verj  dajey  cr 
have  been  troam  while  buried.  In  the  last  esse  the  fnnen  eaitb  should  at  odo*  be 
thawed  BWHj  in  warm  water. 

The  more  carefblly  tiie  washing  is  performed,  the  Ises  will  be  the  damage  to 
the  machinen  in  the  subsequent  opeiationB.  But  a  thorough  washing  can  oiujlx 
effected  by  allowing  the  beets  tu  remain  a  long  time  in  the  cylitxier.  It  o 
done  by  violent  action,  which  has  the  ftirther  disadvantage  that  it  injuiea  t. 
destroying  the  small  roots  that  contain  relatively  moat  sugar. 

OiEferent  modes  of  carriage  are  used  to  cany  the  beets  fitim  the  p 
tbe  washing  cylinder.     One  arrangement  is  shown  in  flg.  603  ;  figs,  604  to  60S  repn- 
sent  parts  of  the  washing  cylinder. 


The  beets  ore  thrown  upon  an  endless  tMod  (a,  fig.  608)  formed  of  inn  nxb  asiui 
0  each  other  by  mean*  of  jcdnts.    Tbis  band,  supported  by  njlai*,  MVtdvw  loM 
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tffliitdan,  and  the  beeti  an  thui  carried  forwnrd  M  the  chain  pomp  work  (h).  hj 
which  ths;  an  i»i»ed.  and  allovcd  to  drop  into  the  hopper  (c)  of  th«  nasljiuK  cjlintlnr. 
The  coDitTUCtion  of  this  (^tinder  as  well  aa  the  i;hiiiii  arrangement,  is  showD  id  Agt. 
6(M,  60S  anil  606,  where  the  vubing  c^liader  'a  nnitAd  with  a  rinsiog  apparatua.  By 
muna  of  the  tnp  arrBogemeDt,  the  beeU  are  thrown  into  a  second  rsBsel  (o),  cootain- 


Fia.  604. 


¥ia.  80fi, 


Fin.  806. 
The  beets  being  freed 


ing  Titer  in  which  is  a  stirrer  with  screw-shaped  bit 

horn  all  couse  dirt,  are  placed  in  the  rinsing  nppar^ti   .  .    

and  an  then  cleanSMl  from  any  dirt  thst  ma;  remnin.     Thej  are  then  thrown  upon 
the  lloping  Borjaee  (f),  and  are  uurisd  Away  for  fnrthar  operations. 

It  HMBihle,  it  is  well  to  have  the  washing  spparntas  in  a  low  Bituntion,  such  as  in 
the  oalUia  of  the  ttOory ;  bat  of  conrsB  this  is  only  practioible  whpre  rbe  nalure  of 
the  grcniDd  will  allow  the  dirty  water  to  flow  away.  The  beets  may  then  be  broqght 
imnadiatelj  fiom  their  place  of  storage  to  the  wssh-hoppsr  upon  the  inclined  plane. 
Uie  wuhed  beet<  being  aflorwarda  raisfd  to  the  grrund  leyei  by  means  of  a  chain- 
pmnp  oi  other  arrangement. 

The  next  operation  is  to  nmove  by  means  of  a  knife  the  Bne  rootlets  growing 
tmo  (be  side  fi  the  beet,  also  the  green  colooreil  upper  part  of  the  beet  failed  the 
bwt  head,  which  graw  shore  the  ground,  and  lastly  the  rotten  specks.  In  this  process 
■TBry  tingle  beet  is  sabjected  to  a  close  inspection.  To  eipedite  this  work,  vsrioos 
kinds  of  machinery  have  been  constnict«d.  For  removing  the  beet  tops  a  knife  is 
need,  one  end  of  which  is  fastened  to  a  block  by  means  of  a  hinge,  while  the  rottan 
portions  are  removed  by  a  rotating  bent  blade  ending  in  a  point.  Some  man utkctarcrs, 
towevsr,  altogether  dispense  with  this  machinery,  for  although  timemay  be  gained  by  it, 
the  work  IB  never  so  well  done  as  by  hand.  There  is,  however,  a  very  nsefol  arm ngoment 
eaUad  the  beet  round-abont  used  for  bringing  the  beets  in  the  bent  manner  to  the 
workmen  who  are  to  trim  tht'm.  It  consists  of  s  perforated  iroa  plate  surrounded  l>y 
\  rim.  and  revolving  in  nhur  EOntal  direction.  The  bcots  upon  coming  from  the  wash. 
tall  upon  the  conical  case  surrounding  the  verticsl  shaft,  and  sliile  toward  the  rim  of 
the  plate.  Thp  laboured  are  ^steil  around,  and  are  able  to  sens  the  beets  in  the 
most  convenient  position  for  trimming.  Frequently  anottier  washing  takes  place  upon 
the  round -abont,  a  flnesprJiy  ofwstor  being  brought  to  play  upon  the  beets  by  means  of  a 
•trsi  DFT-liks  arrangement ;  the  dirt  iscarried  off  through  the  perfomtione  in  the  plate. 
In  Germany,  the  trimmed  roots  are  next  thrown  into  a  lioi-shaped.  sheet-iroD 
Weighing  machine,  having  a  perforated  bottom,  and  again  rinsed  ;  when  the  water  baa 
4ntined  off,  the;  an  waghed  by  the  customs  officer. 

The  redaction  of  the  beets  is  affiM^ted  either  by  sratjng  them  to  a  tine  pulp  or 
«atriiig  thsm  into  thin  slices,  sccording  to  tbe  method  b;  which  it  is  intended  to 
abtatn  the  jwce.  As  the  juice  is  contained  in  closed  cells,  which  while  cloned 
wdtber  yield  no  JTiice  at  all,  or  only  yield  it  nndet  strong  pressure,  it  is  requisite  to 
\rtunlt  these  cells  by  rupturing  the  membrsnes.  This  tearing  is  done  by  means  of 
m  ■  I  lini  which  oomspond  eeeentiatly  in  their  construction  la  those  used  in  the  mnnu- 
AutOM  ol  itueh  (l^  St^bch], 

B*»  beet  grater  was  invented  by  Thierry,  and  consisted  originally  of  a  cylinder, 
ttM  fmnB  of  which  was  fbrmed  of  ssw  Hades  placed  at  a  little  distance  &am  each  other. 
^nii*  ejtiiider  is  still  osed  almost  nnsltered  in  tbe  latest  improved  machines.  Like 
Mm  poUto  onuber  it  is  anrronnded  by  a  flied  case,  with  an  opening  for  the  hopper, 
fhnnirii  which  the  beets  are  carried  to  the  teeth  of  the  qnickl;  revolving  drum  ;  the 
<lf«^iii»r  furm  of  the  beets  often  leads  to  a  choking  of  the  hopper,  nnd  sometimei 
%Imj  an  so  smooth  that  they  glide  opon  tbe  teeth  of  the  drums  without  being  reduced. 
'^hI«M  some  presson  is  applied.  In  the  old  machines  in  connection  with  the  hopper, 
•^iUili  «M  dtii^ad  oa  tbe  side  of  the  gTater,.there  was  a  bmad  tnbe  horinrntally 
'      1,  Into  wbieh  the  beets  fell  one  bj  one  from  the  hopper.    In  this  tabs  wm  » 


mngemeiit.  It  U  now  made  of  metol  instead  of  wood,  and  instead  of  being  woHud  by 
hand,  ito  action  is  now  effected  bj  machioen.  One  form  of  the  macbine  used  in  the 
French  faclories  is  sIiowd  in  %.  SOT,  a  u  the  cjlinder,  the  case  of  which  is  n- 
moved  in  ordei  to  show  tbe  l«etb  of  the  grater.    It  coneiBta  of  a  great  noinber  of  saw 


Fio.  607. 
blades,  each  of  which  lies  between  and  is  held  fast  bj  two  iron  bands,  the  taeth  <i 
tbe  grater  being  aboat  ^  inch  above  the  bands.  The  cylinder  has  a  diamettr 
of  about  2J  feet,  and  a  length  of  4}  feet,  and  ban  n  motion  communicated  by  the  strap 
of  about  1000  revoluti on B  pn:  minute,  Abore  tbe  cylinder,  and  inside  of  the  case,  thera 
ia  a  tube  T,  throngh  an  opening  in  which  water  le  conitantly  sprinkled  upon  the 
cylinder  in  order  to  feoep  the  teeth  of  tbe  grater  free,  and  to  thin  the  pnlp.  The  beet« 
are  thrown  upon  the  inclined  plane  c,  and  carried  to  the  body  of  the  hopper  o,  when 
they  arfi  caught  in  thf  opening  of  thii  pressing  apparEtua  and  carried  to  the  grater. 
Tbe  proBsara,  which  in  the  cnt  ia  shown  at  one  limit  of  its  action,  has  n  backward  and 
fbrward  moCioD  caused  by  a  double-armed  shaft  turning  upon  the  point  ■  in  the 
following  manner.  Tbe  eicentric  o,  turning  upon  its  aiie,  nt.  a  certain  point  strikes 
the  upper  part  of  the  shaft,  and  drives  it  as  tiir  forward  as  the  position  shown  in  the 
cut,  and  at  the  same  time  the  presser.  which  is  united  with  it,  ia  ilriven  to  the  one 
limit  of  its  acCioa.  The  excentric  continuing  its  revolution  censes  to  be  in  contact 
with  the  shaft,  and  then  the  weight  f  attached  t"  (be  other  end  of  the  shaft  becomes 
operative,  and  causes  it  to  turn  in  the  opposite  direction.     This  motion  brings  the 

Ciaer  back  to  the  position  indicated  by  b  ,  the  lower  opening  of  tbe  hopper  becomes 
,  and  another  quantity  of  beets  arc  hroogbl  apon  tbe  presser.  llie  eicenUic  atill 
in  notion,  again  meets  the  upper  arm  if  the  shaft,  drives  it  forward,  and  threes  upca 
the  grater  the  beets  which  are  in  front  of  the  preaeer.  The  track  of  the  presser  is 
about  1  ft.  2  in.  in  length,  and  the  oicontrie  m^ea  seven  revolutions  in  one  siinBt*. 
Tbe  more  rapid  the  movement  of  tlie  cylinder  and  the  sloirer  that  of  the  pneser,  tbe 
finer  is  the  resulting  pulp.  At  tbe  lower  edge  of  tbo  hoi  in  which  the  presur 
works  is  an  adjustable  bar  which  connects  Che  box  with  the  grater.  It  is  so  placed 
that  it  almost  tnuches  the  teeth  of  the  grater,  and  tbe  nearer  it  comes  to  the  grater, 
the  finer  is  the  pulp,  as  it  prevents  coarse  pieces  which  have  been  torn  off  and  the 
onter  rind  from  passing  into  the  putp.  The  fine  pulp  is  tlirown  upon  this  bar,  bdJ 
falls  Fit  o  into  a  Boitablo  receptacle,  under  tbe  grat«r.  Each  grater  has  four  pressen 
about  10  io.  in  breadth,  and  these  dimensions  are  sutEcient  for  working  up  250  tons  of 
basts  daily. 

The  graters  of  the  Oerman  sugar  mannfactoriea  differ  from  those  of  the  Frend 
in  being  smaller,  on  which  account  they  ore  more  easily  managed  and  more  duraUe, 
The  drum  or  cylinder  of  the  Qurman  gratar  is  only  about  half  the  diamstcr,  usmlly 
24  or  26  inehea,  and  each  is  double,  corresponding  to  twopressers.  The  dmmconsisU 
of  aaiion  frvne  formed  of  two  disks  and  a  shaft  passing  through  the  uis;  the  shaft 
has  a  driving  strap  wheel  at  each  snd.  and  a  third  upon  the  stuft  between  the  disk*. 
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dtfiding  them  into  two  coarsfls.  Two  rings  aro  cast  upon  each  of  thcso  whools,  form- 
ing a  groove.  In  fastening  the  teeth  a  cUmp  of  seasonexl  wood  is  placed  in  the 
circular  depression  thus  formed ;  then  a  saw  blade  is  i^Iin'sed  in  position,  and  other 
clamps  and  saw  blades  are  plactnl  altematelv  nntil  th(  whole  case  uf  the  drum  is 
fitted.  The  wooden  clamps  swell  through  absorption  of  moisture,  and  thus  keep  the 
taw  blades  secure  in  their  position. 

Sometimes  the  teeth  become  bent  by  the  strong  pret<sure,  and  unfitted  to  furnish  a 
good  palp.  The  cylinder  is  then  lifted  from  its  position,  and  reversed  so  that  it 
revolves  in  the  opposite  direction ;  the  teeth  then  take  hold  of  the  beets  and  furnish  a 
good  pulp.  The  taming  may  be  repeated  until  the  teeth  have  been  rdmost  com- 
pletely worn  away,  when  a  reserve  drum  is  placed  in  the  grater,  the  other  being 
taken  apart,  and  the  teeth  sharpened. 

Champonnois'  beet  grater  has  been  lately  introduced  into  many  of  the  French 
factories.  The  advantage  which  it  possesses  over  the  ordinary  grater  is  that  it 
famishes  a  oniform  pulp,  entirely  free  from  irregular  pieces.  The  apparatus  is  very 
similar  to  the  potato  grater  described  on  page  766,  the  only  difierence  being  that  it  is 
adapted  to  the  larger  size  of  the  beets,  and  to  the  difibrent  quality  of  palp  required. 
If  the  pulp  of  the  beets  is  too  fine,  it  is  not  so  easily  pressed  and  partially  passes 
throogn  the  pores  of  the  pressing  doth.    The  dimensions  found  most  effective  for  both 

purposes  are  as  follows: — 

(.liamponnois* 

Boet  grater  Potato  grater 

Interior  diameter  of  the  cylinder                                  15  in.  12  in. 

Lei^h  of  the  saw  blades 92  m.  7}  in. 

Number  of  revolutions  of  the  shaft  per  minute  .     700 -7'')0  900-1000 

Length  of  the  teeth -A  in.  -^^  in. 

Width  of  the  opening  between  the  saw  blades    ^           |  in.  X  in. 

Length  of  these  openings 9^  in.  7g  in. 

A  grater  of  these  dimensions,  having  the  speed  above  given,  works  up  62  to  65 
tons  of  beets  in  twenty-four  hours. 

In  using  Champonnois'  grater  or  crasher,  it  has  been  found  that  very  hard  incrus- 
tations form  in  a  snort  time  about  the  perforations  through  which  the  pulp  escapes. 
These  perforations  are  only  about  ^  inch  in  width,  and  become  completely  stopped  up 
in  six  or  seven  days.  Payen  found  that  these  incrustations  consisted  partly  of 
erystaLi  of  calcium  oxalate  and  partly  of  cell  residues.  They  may  be  easily  removed 
by  introducing  a  small  brazier,  containing  a  few  glowing  coals,  into  the  hollow  of  the 
grater.  The  neat  causes  the  concretions  to  shrivel  up,  and  they  may  then  bu  brushed 
amnr  or  removed  with  a  fine  steel  knife. 

In  this  way  a  fresh  grater  is  run  for  five  days.  During  the  succeeding  three  days 
the  cylinder  has  to  be  reversed  every  twelve  hours,  so  that  the  teeth  which  are  now 
becoming  shorter  may  meet  the  beets  from  the  opposite  direction.  During  the 
following  two  days,  the  cylinder  has  to  be  reversed  tvery  six  hours,  after  which  the 
cylinder  must  be  removed  and  replaced  by  a  freshly  sharpened  one.  The  reversal  of 
cjlinders  takes  up  about  ten  or  twelve  minutes. 

The  reduction  of  beets  is  considerably  facilitated  by  the  constant  flow  of  a  stream 
of  water' through  the  hollow  shaft.  The  pulp  thus  thinned  with  about  16  to  18  per 
cent,  of  water,  passes  far  more  readily  through  the  perforations  of  the  cylinder,  whilst 
the  water  added  sets  up  an  osmotic  action  with  the  unruptured  cells,  and  thus  a  por- 
tion of  the  juice  is  secured  which  would  otherwise  be  lost. 

The  dilution  of  the  pulp  is  of  great  advantage  in  obtaining  the  whole  of  tlio  juice, 
as  will  hereafter  appear.  For  this  reason,  frequently  mucli  more  water  is  used  than 
stated  above.  But  as  the  evaporation  of  tlio  water  aiddcd  involves  expense,  it  must  bo 
considered  how  far  this  expense  is  covered  by  the  increase  in  sugar.  Besides  the  cost 
of  the  fuel,  the  relative  value  of  the  raw  material  affects  the  practice  on  this  point. 
If  the  French  m/tnufacturcr  fails  in  securing  a  portion  of  his  sugar,  although  ho  thus 
loees  a  part  of  his  raw  material,  the  residue  has  more  value  as  fodder.  The  Gcrmim 
maoufacturor  working  with  raw  material  made  more  expensive  by  a  heavy  tax  en- 
deavours to  obtain  the  greatest  possible  amount  of  sugar,  and  uses  with  100  parts  of 
beetf  30  or  even  50  parts  of  water. 

Obtaining  the  Juice  hi/  Pressure. — In  the  separation  of  the  juice  from  the  puln  by 
preesure,  the  hydraulic  press  is  generally  used.  This  consists  of  a  pump  by  wnich 
vater  is  driven  into  a  close^l  vessel,  containing  a  movable  piston  or  shaft  that  bears 
the  table  of  the  press.  In  proportion  as  water  is  driven  into  the  vessel,  this  piston  is 
raised.  Opposite  the  movable  table  is  a  stitionary  one,  and  the  substance  to  be 
prewed  is  placed  between  the  two;  the  whole  pres-sure  exerte.l  npon  the  water  of  the 
vessel  by  means  of  the  pump  can  thus  be  transferred  to  the  matter  to  be  pressed. 
Fluids  which  are  incompressible  transmit  a  pressure  exerted  npon  them  equally  in 
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ereiy  diieetioiL  The  pnisiiie  exerted  by  the  press  bean  the  same  zelatioD  to  the 
power  employed  as  the  area  of  the  croes-section  of  the  press  cylinder  bears  to  th«  area 
of  the  cross-section  of  the  pamp  piston.  The  power  remaining  the  same,  the  efliMt 
will  be  greater  the  smaller  the  ar€a  of  the  pump  piston,  and  the  greater  that  of  the 

press  shaft. 

Whilst  the  palp  is  rich  in  juice,  it  flows  away  rapidly  nnder  a  slight  pnman.  At 
this  point  of  the  work  therefore  but  little  force  is  needed,  and  a  pamp  with  a  piston 
of  proportionately  greater  section  is  used  to  drive  water  into  the  vesseL  When  how- 
erer  a  certain  quantity  of  the  juice  has  been  removed,  the  force  available  by  means 
of  this  pump  is  no  longer  suitable,  for  upon  increasing  the  power  applied  to  it,  the  re- 
sulting pressure  is  so  sudden,  that  the  elasticity  of  the  pulp  would  burst  the  eoTSir- 
ing  in  which  it  is  being  pressed  before  the  juice  coidd  flow  out.  To  avoid  this, 
another  pump  with  a  considerably  smaller  piston  is  used.  The  action  of  this  is 
slower,  but  all  the  more  powerful.  Thus,  if  the  areas  of  the  two  pump  pistons  are  to 
each  other  as  100  :  1,  the  area  of  the  press  piston  and  the  working  power  remaining  the 
same,  the  force  exerted  by  the  smaller  pump  will  be  one  hundred  times  greater  than 
that  of  the  larger. 

These  pumps  are  so  arranged  that  at  flrst  both  work  together;  but  as  soon  as  the 
maximum  effect  for  which  it  was  designed  is  attained,  the  larger  one  ceases  wo^iqg 
and  the  smaller  alone  remains  operative.  This  is  allowed  to  woA  until  the  water  in 
the  tub  of  the  press  is  under  a  pressure  equal  to  200  to  260  atmospheres.  This 
pressure  is  continued  as  long  as  the  pulp  yields  any  juice,  and  then  the  water  is  nm 
off  from  the  pre!*s  to  the  reservoir,  the  pres^s  piston  with  the  table  attached  sinking  in 
proportion  as  the  press  is  emptied.  The  machine  may  then  be  emptied  and  &e^y 
filled. 

In  order  to  press  the  |mlp  as  produced  by  the  grater,  it  is  neeeasary  to  snxromii 
it  with  a  covering  that  will  allow  the  juice  to  flow  freely  through  and  retain  the  mare. 
Square  cloths  of  very  strong  woollen  texture  are  generally  used  for  this  purpose. 
Formerly  several  thicknesses  of  sacking  were  employed,  but  this  material  has  now 
quite  gone  out  of  use.  It  had  no  advantage  over  the  cloth,  but  the  disadvantage  of 
being  more  difficult  to  clean.  The  cloths  are  filled  with  the  pulp  upon  the  paddng 
table  at  the  press.  This  table  is  made  of  sheet  iron,  and  has  a  rim  round  it ;  on  one 
side  of  it  there  is  a  channel  which  allows  such  juice  to  run  off  as  coUecta  during  the 
packing  process.  Upon  this  packing  table  is  laid  first  a  metallic  plate  of  the  same 
size  as  the  pressing  table ;  above  this  is  placed  a  sheet-iron  frame  or  sh2q)e,  about 
f  inch  in  height,  and  the  whole  is  covered  with  the  press  cloth.  With  a  scoop  abont 
five  or  six  pounds  of  the  pulp  is  then  thrown  into  the  depression  formed  in  the  sheet- 
iron  frame,  then  levelled,  and  the  edges  of  the  cloth  thrown  over  it.  Upon  this  is 
laid  a  second  plate,  and  another  doth  is  filled  in  the  same  manner,  so  that  at  last 
there  is  a  scrips  of  Liyers  of  pulp  enclosed  in  cloths,  and  separated  from  each  other 
by  metallic  plates.  A  portion  of  the  juice  now  flows  away  in  consequence  of  the 
pressure  exerted  ])y  the  mere  weight  of  the  metallic  plates.  The  pile  of  alternating 
metallic  sheets  and  layers  of  pulp  is  next  placed  upon  the  table  of  the  press,  and 
when  the  press  is  filled  the  pumps  are  set  in  operation.  As  the  pressure  is  applied, 
the  juice  flows  over  the  metallic  borders,  and  along  the  surface  of  the  pressing  table, 
which  is  surrounded  by  a  rim.  and  provided  with  an  outlet  pipe  connected  with  a 
tube  through  which  the  juice  is  conducted  to  a  proper  receptacle. 

The  pulp  possesses  considerable  elasticity,  and  offers  so  strong  a  resistance  to  the 
pressure,  that,  if  too  great  quantities  of  pulp  were  to  be  operated  upon  at  one  time,  the 
cloths  would  burst  before  the  whole  of  the  juice  was  separated.  The  layers  of  pulp 
are  therefore  made  thin  and  metallic  plates  placed  between  them,  so  that  the  pressure 
may  be  uniform  throughout  the  entire  mass. 

When  the  juioe  co.uses  to  flow,  the  pressing  table  is  lowered  and  the  press  is 
emptied.  The  cloths  are  foimd  to  contain  beet  fibres  pressed  into  a  very  compact 
form,  but  still  holding  juice.  The  residue  is  therefore  token  out  of  the  cloths  and 
either  immediately  used  for  fodder,  or  subjected  to  a  second  pressure  to  obtain  the  re- 
maining juico,  after  having  been  again  converted  into  pulp  by  the  addition  of  water. 

Various  machines  havo  been  constructed  for  the  purpose  of  reconverting  the  press 
residue  into  pulp.  The  so-called  mashing  machine  of  Fesca  consists  of  a  horizontal 
iron  trouph  in  which  is  a  shaft  furnished  with  a  great  number  of  knives  arranged 
spirally.  The  knives  cut  up  the  press  residue,  and  water  being  added,  knead  it  into 
a  stiff  paste.  Thi«  machine  does  not  seem  to  be  much  used.  Schlickeysen's  machine, 
which  is  constructed  after  the  pattern  of  the  well-known  clay  pugmill,  has  met  with 
much  approval.  It  consiste  of  an  upright  iron  cylinder  in  which  is  a  shaft  furnished 
with  strong  arms  inclining  downwards  ;  at  the  bottom  of  the  cylinder  is  an  opening 
for  the  escape  of  the  pulp.  The  press  residue  is  thrown  from  above  through  a  AmnS 
into  the  cylinder ;  at  the  same  time  water  is  poured  on  ;  the  material  being  caqgbt 
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bj  the  moying  aims  of  the  shaft,  becomes  redaced,  and  escapes  as  palp  ready  for  a 
■aoond  preesiiig. 

Beet  juice  is  a  tenacious  sticky  liqnid  in  proportion  as  it  is  rich  in  sugar.  Owing 
to  its  yiaddity,  it  is  impossible  to  extract  more  than  a  certain  portion  of  the  jnice, 
the  rest  remaining  in  the  residue,  notwithstanding  the  strongest  pressure.  The  better 
the  quality  of  the  juice,  the  greater  is  the  proportion  of  juice  which  remains  behind. 
When,  by  the  addition  of  water,  the  juice  is  rendered  thinner,  it  is  less  tenaciously 
held,  and  may  be  more  completely  separated  from  the  press  residues  by  pressure. 
Good  beets  with  the  strongest  pressure  yield  about  80  per  cent,  of  juice,  and  20  per 
cent,  of  press  residues,  the  latter  containing  4  per  cent,  of  pith  and  16  per  cent. 
juice ;  one  fifth  of  the  entire  quantity  of  juice  would  therefore  remain  in  the  press 
Teaidues.  By  the  addition  of  water  this  loss  is  much  diminished,  because  it  can  be 
more  completely  pressed;  so  that,  instead  of  20  per  cent  only  about  17  per  cent,  of 
press  zesiaue  is  left;  further,  the  juice  left  in  the  residue  is  no  longer  a  concentrated 
Dut  a  diluted  juice,  and  consequently  not  only  less  in  quantity  but  poorer  in  sugar. 

The  efibct  of  thinning  the  juice  may  be  shown  by  a  few  simple  examples.  Take,  for 
inttaiioe,  the  case  where  beets  of  the  following  composition  are  used : — 

Sugar 18  per  cent 

Bmse 4      „ 

Water  and  non-saccharine  matter 88      „ 

If  these  beets  be  subjected  to  pressure  without  the  addition  of  water,  until  20  per 
cent,  of  press  residue  is  left,  the  residue  will  be  composed  of  refuse  and  of  16  parts  of 
jniee  in  which  sugar  and  water  are  present  in  the  same  proportions  as  in  the  beets 
thamaelree,  thus : — 

Sugar 2*2  parts  by  weight 

Befkiae ^'0      „  „ 

Water,  etc 18*8      „  „ 

Since  therefore  100  parts  of  beet  contain  13  parts  of  sugar,  and  20  parts  of  such  press 
reaidue  would  oontam  2*2  parts  of  sugar,  there  would  be  in  this  case  a  loss  of  17  per 
cent,  of  the  whole  of  the  sugar. 

If  20  parts  by  weight  of  water  be  added  to  every  100  parts  of  beets,  this  will 
produce  120  parts  of  pulp  of  which  the  composition  will  be  as  follows : — 

Sugar 18  parts  by  weight 

Befiise          •••••..        .4,,  „ 

Water 108      „  „ 

This  thin  pulp  may  be  easily  pressed  imtil  not  more  than  18  parts  of  residue  remain 

from  eyery  100  parts  of  beet.    But  the  relative  proportions  of  sugar  and  water  are  no 

longer  the  same  m  this  residue  as  in  the  beets,  but  are  the  same  as  in  the  diluted  pulp. 

The  composition  therefbre  of  the  18  parts  of  the  residue  will  be  as  follows : — 

Sugar 1-6  parts  by  weight 

Bcldse 4*        M  M 

Water,  etc 12*4      „  „ 

The  loss  in  sugar  is  therefore  reduced  to  12  per  cent,  of  the  whole. 

Still  further  dilution  is  attended  by  a  corresponding  gain  in  sugar.  If,  for 
example,  60  parts  of  water  be  added  to  every  100  parts  of  weight  of  beets,  this  will 
gire  160  parts  by  -weight  of  pulp,  which  will  consist  of: — 

Sugar 18  parts  by  weight. 

Befuse 4      »  n 

Water,  etc 133      „  „ 

As  the  process  of  obtaining  the  juice  is  easy  in  proportion  as  the  pulp  is  thin,  the 
pressing  may  be  conveniently  carried  on  until  100  parts  of  beets  leave  only  17  parts 
of  residue,  which  will  consist  of: — 

Sugar  1*2  parts  by  weight. 

Befuse 4         m  »> 

Water,  etc ITS       „  „ 

Thus  the  loss  in  sugar  in  a  single  pressing  would  be  reduced  9  per  cent  upon  the 

whole. 

The  yield  of  sugar  is  still  more  favourable  when  the  residuum  from  the  first 
pressure  is  thinned  with  water  and  pressed  a  second  time.  If  a  pulp  obtained  without 
any  water  being  poured  upon  the  grater,  be  subjected  to  a  first  pressing,  and  this 
pressing  be  only  sufficient  to  yield  70  parts  of  juice  and  80  parts  residue  from  every 
100  parts  of  beets,  the  residue  would  then  contain : — 
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Sugar 3*5  parts  by  weight. 

R^dse 4'      „  „ 

Water,  etc 22-6     „  „ 

If  now  to  these  30  parts  of  residue,  30  parts  of  water  be  added,  the  resnltiog  60 
parts  of  pulp  may  be  pressed  without  difficulty,  so  as  to  obtain  27  parts  of  juice  and 
17  parts  of  residuum,  the  composition  of  this  residue  will  be  as  follows : — 

Sugar 0*8  parts  by  weight. 

B^ose 4'       M  M 

Water,  etc 12-2      „ 

This  would  be  a  loss  of  only  6  per  cent,  upon  the  whole  of  the  sugar.  By  proper 
management  this  loss  in  sugar  can  be  still  further  reduced.  If,  for  instance,  in 
reducing  another  lot  of  beets  the  43  parts  by  weight  of  thinned  juice,  which  had  been 
obtained  by  a  second  pressure,  bo  oiused  to  flow  upon  the  grater  instead  of  water,  the 
product  will  be  a  pulp  which  is  thinned  by  means  of  diluted  juice.  Thus  the  pressing 
of  this  new  pulp  would  be  facilitated,  there  would  be  a  less  amount  of  residuum  than 
before,  and  this  would  contain  a  smaller  quantity  of  sugar.  If  this  residue  be  a 
second  time  subjected  to  pressure,  nearly  all  the  sugar  is  obtained. 

In  these  calculations  it  has  been  assumed  that  when  water  is  applied  it  is  com- 
pletely incorporated  with  the  juice ;  this  takes  place  more  perfectly  i^  in  the  grating 
process,  the  individual  cells  have  been  thoroughly  ruptured,  as  it  is  only  from  the 
cells  that  have  been  actually  torn  open  that  the  juice  can  issue  freely  and  mix  with 
the  water.  When  unruptured  cells  come  into  contact  with  the  water,  there  is  of 
course  an  interchange  of  the  constituents  of  the  juice  with  the  water  by  difiusion,  but 
this  process  is  a  slow  one.  Although  it  may  not  be  possible  to  attain  a  complete 
mixture  of  the  juice  and  water  in  the  short  time  which  intervenes  between  the  ap- 
plication of  water  and  the  pressing,  yet  the  effect  of  the  dilution  is  always  consider- 
able, especially  if  the  pulp  be  pressed  a  second  time. 

As  soon  as  the  juice  leaves  the  cells  it  is  liable  to  many  prejudicial  changes. 
Fermentation  occurs  in  consequence  of  the  action  of  the  ferments  contained  in  the  air; 
adds  are  formed  and  a  considerable  formation  of  mucus  takes  place,  which  is  dis- 
tinctly observable  when  fresh  juice  is  exposed  for  a  f^hort  time  to  the  action  of  the 
air.  This  formation  of  mucus  may  take  place  to  such  an  extent  that  the  whole  of 
the  juice  is  changed  to  a  jolly -like  mass.  To  prevent  this  the  greatest  expedition 
should  be  used  in  working  up  the  juice,  but  especially  the  greatest  cleanliness  should 
be  everywhere  observed.  If  the  apparatus  is  left  unused  even  for  a  short  time  it 
should  be  thoroughly  washed  with  water,  as  the  standing  juice  is  not  only  subject  to 
chemical  changes,  but  it  is  a  focus  of  fermentation  of  every  kind.  On  this  account 
the  press  cloths  mui<t  be  thorouglily  cleansed  after  they  have  been  used  only  a  yery 
short  time.  The  cloths  become  covered  witli  mucus  every  few  hours,  and  no  longer 
allow  tho  juice  to  flow  freely  through.  They  must  then  be  at  once  removed  and 
washed,  clean  ones  being  employed  in  their  place. 

The  press  cloths  are  subject  to  a  good  deal  of  wear  and  tear,  and  are  soon 
destroyed ;  hence  attempts  have  been  mado  at  different  times  to  construct  cm  apparatus 
which  should  render  tlieir  use  unnecessary.  It  has  been  proposed  to  place  the  ptdp 
between  two  endless  wire  tissues,  and  to  press  these  together  between  rollers.  Thii 
plan,  however,  has  not  yet  met  with  much  acceptance. 

The  juice  as  it  leaves  the  press  is  not  quite  clear,  but  is  more  or  less  contaminated 
with  flbrouH  matter  that  has  been  forced  through  the  pores  of  the  press  cloths. 
Formerly  no  notice  was  taken  of  this,  but  it  has  now  been  discovered  that  the  pectic 
substances  upon  treatment  with  lime  become  changed  into  mctapectic  acid,  which 
hinders  the  crystallisation  of  the  sugar.  Those  fibrous  constituents  are  therefore 
removed  by  filtration  of  the  juice ;  for  this  purpose  long  rather  narrow  linen  sacks  are 
used,  whif'h  hang  freely  ;  into  these  the  juice  is  poured,  and  it  leaves  the  sacks  a  clear 
liquid,  the  fibrous  matter  remaining. 

Obtaining  the  Juice  hy  Centrifugal  Force, — The  beet  pulp  is  prepared  in  the 
ordinary  way  by  rasping,  :ind  is  placed  in  a  centrifugal  machine  like  that  used  for 
raw  sugar,  but  of  larger  dimensions  and  having  the  rotating  machinery  underneath 
the  drum.  The  paste  falls  from  the  rasper  into  an  iron  funnel,  suspended  from  a  pair 
of  iron  rails,  and  having  a  capacity  exactly  corresponding  to  that  of  the  drum.  Im- 
medijitely  underneath  the  rails  stand  the  centrifugal  machines  in  a  row ;  the  funnel 
when  filled  is  pushed  forward  until  it  is  exactly  over  the  already  revolving  drum,  a 
slide  at  tho  lower  end  is  opened  and  tho  paste  falls  into  the  <iruni.  Here  it  is  imme- 
diately flung  against  the  periphery;  the  mark  is  retiined  whilst  the  juice  flows 
through.  As,  however,  tho  pressure  is  not  so  great  by  far  as  that  exerted  by  the 
hydraulic  press,  the  mark  retains  after  this  treatment  much  more  juice,  and  con- 
sequently sugar,  than  when  the  press  is  used.    In  order  to  recover  this  sugar,  water 
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IB  alloired  tx)  play  upon  the  partially  exhaugted  paHto  in  the  drum  from  a  very  fine 
rose.  Under  the  influence  of  the  centrifugal  force,  the  water  percolates  through  the 
pasto  driving  the  juice  before  it. 

Obtaining  Jitice  by  Maceration. — The  apparatus  introduced  by  Schutzenbach  con- 
sistfi  of  twelye  shallow  cylindrical  vessels  placed  t^^rraco-likc,  nnd  communicating 
with  each  other  by  a  pipe,  similar  to  the  apparatus  used  for  lixiviating  crude  soda 
(see  p.  263).  A  pipe  that  can  be  closed  by  a  valve  passes  from  the  bottom  of  the  upper 
vessel  and  opens  over  the  vessel  next  underneath.  Each  vessel  has  besides  a  tap  at 
the  bottom  through  which  the  entire  liquid  contents  can  be  run  off  into  a  trough. 
Each  vessel  is  provided  with  a  false  bottom,  consisting  of  a  fine  wire  sieve,  throiigh 
which  none  of  the  paste  can  pass.  In  the  upper  part  of  the  vessel  is  a  second  false 
bottom  of  perforated  sheet  iron.  The  entire  capacity  of  the  vessel  is  about  36  cubic 
feet ;  the  space  from  the  true  bottom  to  rather  over  the  upper  false  bottom  will  hold 
94  gallons  of  water  and  66  gallons  of  paste.  The  paste  is  placed  between  the  two  false 
bottoms,  where  by  means  of  a  stirrer  it  is  intimately  mix^  with  the  incoming  water. 

The  stirring  machinery  consists  first  of  an  iron  bar  directly  underneath  and  resting 
against  the  upper  bottom ;  from  this  bar  numerous  iron  teeth,  6  inches  long,  project 
downwards.  Through  a  circular  opening  in  the  middle  of  this  bar  passes  a  vertical 
ahaft  that  revolves  in  a  socket  at  the  bottom  of  the  vessel,  and  is  connected  above 
wi^  the  driving  power  common  to  all  the  shafts.  Between  the  two  false  bottoms  this 
•haft  supports  a  horizontal  iron  bar,  almost  as  long  as  the  diameter  of  the  vessel.  To 
this  are  fiistened  vertical  bars,  arranged  so  that  the  upward  directed  half  passes 
between  the  before  mentioned  teeth,  whilst  the  half  directed  downwards  reaches  to 
within  an  inch  of  the  lower  bottom.  The  shaft  also  support*i  above  each  of  the  two 
bottoms  an  arm  set  with  brushes,  the  upper  one  serving  to  break  up  the  scum  and  the 
under  one  to  purify  the  sieve  bottom.  All  twelve  vessels  are  arranged  in  a  similar 
way,  and  can  easily  be  connected  with  or  disconnected  from  the  motive  machinery. 

The  upper  vessel  is  first  two  thirds  filled  with  cold  water,  into  which  sixty-six 
ffallons  of  paste  have  been  thrown,  the  upper  false  bottom  is  pat  on,  the  stirrer  is  put 
in  motion,  and  just  so  much  water  is  added  as  will  exactly  cover  the  upper  bottom. 
After  the  paste  has  been  five  minutes  in  contact  with  the  water  the  valve  of  the  pipe 
that  connects  the  first  vessel  Mrith  the  second  is  opened,  and  water  is  allowed  to  flow 
npon  the  upper  stage  of  the  first  vessel  which  drives  the  juice  out  and  forward  into 
the  second  vessel.  The  flow  of  water  is  kept  up  until  the  juice  in  the  second  vessel 
equals  the  quantity  of  water  present  in  the  first  vessel  at  the  commencement  of  the 
operation  ;  the  stirrer  is  then  set  going,  sixty-six  gallons  of  fresh  paste  are  added,  the 
iklse  bottom  is  put  on,  and  the  paste  and  juice  are  left  in  contact  five  minutes.  The 
third  vessel  is  then  filled  by  opening  the  ovorfiow  pipe  connecting  it  with  the  second 
Teeeel,  and  allowing  more  water  to  run  into  the  first  vessel ;  this  drives  the  thin  juice 
in  the  second  vessel,  which  has  already  been  in  contact  with  two  separate  quantities 
of  paste,  forward  into  the  third  vessel.  This  operation  is  repeated  until  eight  vessels 
haye  been  filled. 

By  this  time  the  juice  has  attained  nearly  the  same  concentration  it  has  in  the 
paste ;  it  is  therefore  run  off  through  a  cock  at  the  bottom  into  a  trough  that  conducts 
It  to  the  montejuB,  by  which  it  is  raised  to  the  juice  reservoir.  The  paste  in  the  first 
Teasel  being  now  exhausted,  fresh  water  is  allowed  to  flow  into  the  second  vessel, 
which  then  becomes  the  first  of  the  series,  whilst  the  ninth  being  fitted  with  fresh 
paste  after  five  minutes  yields  a  second  portion  of  finished  juice.  Thus,  after  the 
operation  has  once  been  started,  a  vessel  full  of  juice  is  obtained  and  a  portion  of 
paste  is  exhausted  every  five  minutes.  When  saturated  juice  has  been  dr.iwn  off  from 
tlie  twelfth  vessel  at  the  foot  of  the  terrace,  the  next  quantity  of  juice  passing  into 
it  is  run  off  through  a  trough  into  a  small  cistern,  from  whence  it  is  pumped  into 
a  reservoir  standing  higher  than  the  first  vessel,  which  has  meanwhile  been  filled 
with  fresh  paste,  and  into  which  it  can  then  bo  run.  A  complete  circle  is  thus  set 
np,  eight  vessels  being  always  at  work,  the  four  intervening  ones  being  meanwhile 
emptied  and  cleaned,  the  water  being  run  off  through  the  cock  at  the  bottom,  and  the 
mark  withdrawn  through  an  opening  just  above  it,  and  submitted  to  slight  pressure 
to  free  it  from  the  large  quantity  of  absorbed  water. 

Before  the  clarification,  the  juice  always  requires  to  be  filtered,  as  it  is  impossible 
flompletely  to  prevent  the  passage  of  fibre  through  the  sieve  bottom. 

Obtaining  the  Juice  by  Diffusion. — When  a  living  cell  or  a  numl^r  of  uninjured 
eells  are  placed  in  water  an  interchange  of  the  cell  contents  with  the  water  is  always 
let  up :  water  passes  through  the  cell  membrane  and  protoplasm,  and  the  matters 
diasolved  in  the  cell  juice  pass  through  into  the  water.  This  interchange  continues 
until  the  oppositely  attracting  influences  are  balanced,  and  the  liquids  inside  and  out- 
aide  the  cell  have  an  equal  concentration.  The  protoplasm  and  cell  membrane 
present  a  certain  xesbtance  which  varies  veiy  much  according  to  the  chemical  compo- 
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sition  aDd  physical  properties  of  the  body.  Many  bodies  pass  readily  from  the  eall 
into  the  water,  others  slowly,  and  some  not  at  all.  All  bodies  that  are  capable  of 
taking  the  crystalline  form  pass  easily  through  the  cell  membrane,  whilst  those  that 
are  not  remain  in  the  cell.  Thus  when  a  cell  containing  juice  rich  in  sugar,  which  is 
crystalli sable,  is  laid  in  water,  sugar  passes  out  into  the  water  and  water  enters  into 
the  coll,  until  the  concentration  of  the  cell  juice  and  that  of  the  liquid  outside  the  cell 
are  equal.  This  is  known  as  the  process  of  diffusion;  sugar  is  a  difiunble  or 
crystalloid  body.  On  the  other  hand,  with  a  cell  the  juice  of  which  contains  al- 
bumen in  solution,  under  otherwise  equal  conditions,  the  albumen  does  not  pass  out 
from  the  cell  into  the  surrounding  water.  The  albumen  is  not  difihsible,  not  having 
the  power  of  crystallisation  ;  it  is  a  colloid.  Finally,  from  a  cell  enclosing  juiee 
containing  sugar  and  albumen  only  the  diffusible  sugar  passes  into  the  water  whilst 
the  albumen  is  retained.  The  power  of  difiusion  therefore  can  be  used  to  separate 
these  bodies  from  one  another,  and  to  effect  a  clarification  even  in  the  cell. 

The  diffusion  takes  place  very  unequally,  according  to  the  conditions  of  the  cells. 
In  the  living  cell  the  process  goes  on  slowly,  the  difihsible  matters  being  held  so 
closely  during  the  life  of  the  cell  that  they  cannot  penetrate  the  protoplasm  and  mem- 
brane. But  as  soon  as  the  life  of  the  cell  is  destroyed  through  frost  and  a  rapid  thaw, 
or  heating  to  40°  or  60°,  the  diffusion  goes  on  rapidly. 

Upon  these  facts  the  method  introduced  by  Dombasle,  and  afterwards  improved 
by  Hobert,  is  based.  By  suitable  arrangements,  this  method  effects  a  complete  re- 
moval of  the  sugar,  and  the  juice  is  moreover  obtained  almost  of  the  same  concentn- 
tion  as  that  in  which  it  exists  in  the  beet. 

If  100  parts  of  beet,  containing  96  parts  of  juice  with  14  parts  of  sugar,  be 
brought  together  with  60  parts  of  water,  the  result  after  difi\ision  is  166  parts  of  juice, 
containing  14  parts  of  sugar,  or  a  9  per  cent,  juice.  If  from  this  juice  be  taken  as  much 
as  the  quantity  of  water  used,  i.e.  60  parts,  and  this  be  placed  with  100  parts  of  fresh 
beet,  as  the  added  juice  already  contains  6'4  parts  of  sugar,  there  will  be  after  dif- 
fusion 166  parts  of  juice,  with  19'4  parts  of  sugar,  or  a  12*6  per  cent,  juice.  60  parts 
of  this  juice  containing  7*6  parts  of  sugar  placed  with  another  100  parts  of  beet  will 
give  166  parts  of  juice  with  21*6  parts  of  sugar,  or  a  18*8  per  cent,  juice ;  this  would 
consequently  be  equal  to  that  in  the  juice. 

If  the  beet  from  which  the  fiist  juice  was  withdrawn,  which  still  contains 
14—6*4  =  8*6  parts  of  sugar,  be  again  treated  with  60  parts  of  water,  166  parts  of 
juice  are  obtained  with  8*6  parts,  or  6*6  per  cent,  of  sugar.  If  60  parts  of  tlus  juice 
be  again  replaced  by  60  parts  of  water,  the  resulting  juice  will  still  contain  5*3  parts, 
or  3*4  per  cent,  of  sugar.  It  will  be  evident  that  by  continuing  this  treatment  a 
point  is  reached  when  the  sugar  of  the  beet  cells  is  almost  completely  replaced  by 
water.  The  result  of  the  last  treatment,  being  almost  pure  water,  is  used  with  the 
beets  still  containing  1  per  cent,  of  sugar,  and  the  yield  from  this  is  used  with  beet 
containing  double  that  quantity,  and  this  is  repeated  until  the  most  concentrated  juice 
is  obtained. 

The  apparatus  used  by  this  method  consists  of  a  small  dividing  machine  and  the 
diffusers.  In  this  case  the  beets  are  not  reduced  to  a  paste,  but  by  means  of  a  special 
machine  they  are  cut  into  small  very  thin  uniform  slices.  The  tliinner  these  are,  so 
that  the  cells  may  come  into  immediate  contact  with  the  water,  the  more  uniform  will 
be  the  diffusion  and  the  more  completely  will  the  juice  be  obtained. 

The  diffusers  are  tall  iron  cylinders,  eight  or  ten  of  which  are  combined  together 
to  form  a  battery.  Above  and  below  at  the  side,  they  are  provided  with  a  large  man- 
hole for  the  introduction  and  removal  of  the  slices.  They  are  connected  with  each 
other  by  pipes,  that  pass  from  underneath  one  into  the  upper  part  of  another  into 
which  they  discharge  through  a  rose.  A  second  series  of  pipes  connects  each  separate 
cylinder  with  an  elevated  water  reservoir.  A  third  series  of  pipes  passes  from  the 
bottom  of  the  cylinders  to  a  warming  apparatus  situated  between  the  reservoir  and 
the  cylinder,  and  containing  a  pan  that  can  bo  heated  by  steam.  This  pan  is  suffi- 
ciently large  to  hold  the  quantity  of  liquid — water  or  juice—  required  for  the  filling  of 
the  cylinder.  In  working  with  a  battery  of  eight  difiusers,  it  is  Usual  to  use  60  paiis 
of  water  or  juice  to  each  100  parts  of  beet;  with  a  laiger  number,  less  liquid  will 
suffice. 

In  commencing  operations,  the  pan  is  filled  with  water  which  is  heated  to  boiling. 
The  hot  water  is  allowed  to  fiow  slowly  into  the  first  cylinder,  and  at  the  same  time 
the  slices  of  beet  are  thrown  in,  until  the  cylinder  is  completely  filled  with  beet  slices 
and  liquor ;  the  cover  of  the  man-hole  is  then  closed,  and  the  whole  is  allowed  to 
stand  for  twenty  minutes.  The  temperature  should  reach  60°  in  order  to  kill  the 
cells  and  thus  allow  the  diffusion  to  go  on  rapidly.  The  temperature  of  the  water  ^n 
the  pan  must  therefore  be  regulated  according  to  the  temperature  of  the  beet,  and  the 
proportion  of  water  used.    After  twenty  minutes,  the  valve  which  oonnects  the  fiat 
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<7liiider  with  the  water  reservoir  and  the  heating  pan  la  opened.  Aa  the  water 
rMerroir  stands  at  a  considerably  higher  elevation  than  the  other  portions  of  the  ap- 
paratUB  the  water  flowing  in  drives  the  juice  through  the  pipe  commencing  at  the 
lorwest  part  of  the  cnrlinder  into  the  heating  pan.  When  this  is  filled  with  juice,  the 
▼alve  is  closed  ana  the  juice  is  heated,  whilst  the  first  cylinder  filled  with  water  is 
allowed  to  stand  under  the  pressure  of  the  column  of  water.  From  the  heating  pan 
the  juice  is  run  into  the  second  cylinder,  which  is  also  filled  with  slices ;  when  full 
the  second  cylinder  is  closed  and  allowed  to  stand  twenty  minutes.  The  connection 
between  the  first  and  second  cylinders  and  the  water  reservoirs  being  then  opened, 
firash  water  enters  the  first  cylinder  and  drives  the  juice  there  forward  into  the  second 
<7linder  and  the  juice  from  the  second  cylinder  into  the  heating  pan.  When  the  pan 
is  fall,  the  connection  is  closed  and  the  first  and  second  cylinders  remain  under 
water  piessuie.  The  hot  juice  from  the  second  cylinder  is  then  run  into  the  third, 
where  it  is  used  as  before,  for  heating  a  fresh  quantity  of  slices  of  beet.  After  being 
in  contact  with  three  portions  of  fresh  beet  the  juice  is  sufficiently  concentrated.  It 
is  then  passed  through  a  special  pipe  into  the  defecation  pans,  which  are  of  a  capacity 
corresponding  with  that  of  the  cylinders. 

After  the  juice  has  been  run  off,  the  connection  between  the  second  and  third 
cylinders  is  opened.  Water  again  flows  into  the  first  cylinder,  and  drives  the  thin 
juice  into  the  second,  and  the  contents  of  the  second  into  the  third  cylinder.  After 
twenty  minutes  the  third  cylinder  is  connected  with  the  heating  pan,  and  for  the  fourth 
time  fresh  water  is  let  into  the  first  cylinder,  which  drives  the  contents  of  each 
cylinder  successively  into  the  next.  The  juice  from  the  heating  pan  meets  with  fresh 
beet  in  the  fourth  cylinder ;  it  there  becomes  sufficiently  concentrated  and  is  drawn 
o^  the  cylinder  being  again  filled  from  the  third.  In  the  same  way  the  other 
cylinders  are  filled,  until  all  are  in  connection.  By  the  time  the  contents  of  the 
seventh  cylinder  are  passed  into  the  eighth  the  beet  slices  in  the  first  cylinder  are 
perfectly  exhausted  of  sugar.  The  second  cylinder  is  then  connected  with  the  wati'r 
reeervoir,  the  valve  between  the  first  and  second  cylinders  is  closed,  and  the  fiuid 
contents  of  the  first,  consisting  only  of  pure  water,  are  run  off,  and  the  exhausted 
slices  are  removed.  The  eighth  cylinder  is  then  connected  with  tiie  first,  and  the  first 
is  filled  with  fresh  slices  of  beet  and  juice  from  the  eighth.    Meanwhile  the  second 

2 Under  has  become  exhausted ;  the  water  pressure  is  therefore  applied  to  the  third ; 
e  second  is  connected  with  the  first,  and  so  on. 

In  working  with  a  battery  of  twelve  cylinders  the  method  is  essentially  the  same. 
Either  a  larger  quantity  of  beet,  or  the  same  quantity  with  less  water,  can  be  ex- 
hausted in  the  same  time ;  but  the  usual  plan  is  to  have  two  batteries  of  eight  diffusers 
each,  and  to  manage  so  that  whilst  one  is  under  pressure  the  other  is  being  freshly 
filled. 

Of  all  the  methods  of  obtaining  the  juice,  difliision  is  undoubtedly  the  most  to  be 
recommended.  The  apparatus  is  the  simplest,  least  costly,  and  undergoes  scarcely 
any  wear;  the  building  not  having  to  sustain  the  violent  shaking  of  the  raspers  can 
be  more  simply  constructed ;  the  batteries  do  not  ttike  so  much  room  as  the  presses ; 
press  bags  are  not  required  ;  the  juice  is  of  at  least  equal  concentration,  and  can  even 
DC' obtained  less  dilute  than  by  other  methods ;  whilst  the  loss  of  sugar  is  not  greater 
than  when  presses  or  the  centrifrigal  apparatus  is  used. 

It  has  been  sought  to  simplify  this  method  by  using  instead  of  the  batteries  a 
sinele  apparatus,  in  which  by  a  mechanical  arrangement  a  stream  of  water  and  slices 
ofbeet  are  carried  forward  in  oppof<ite  directions.  Thus  at  one  end  the  fresh  slices 
are  intzoduced,  and  the  concentrated  juice  fiows  out,  while  at  the  other  end  the  ex- 
baoeted  slices  are  thrown  out. 

Only  one  difficulty  stands  in  the  way  of  the  diffiision  method,  the  condition  of  the 
residue,  or  exhausted  slices.  The  residue  from  the  hydraulic  press  is  comparatively 
free  from  water,  containing  30  to  33  per  cent,  of  dry  substance.  From  the  ruptured 
cells  the  juice  can  be  expressed,  but  not  so  from  the  undestroyed  cells  after  diffusion. 
These  are  filled  with  water,  and  contain  at  most  8  per  cent,  of  dry  substance,  or  much 
too  little  to  allow  advantageously  of  its  use  as  fodder.  The  adherent  water  can  be 
separated  by  simple  pressure,  but  that  in  the  cells  is  expelled  with  difficulty.  Several 
pfessefl  have  already  been  constructed  with  this  object. 

Obiaininff  the  Juice  from  dried  Beets. — Attempts  have  long  been  made  to  work  the 
beets  in  the  dry  instead  of  the  fresh  condition,  the  advantage  being  the  more  easy 
transport  of  the  beets,  and  the  extension  of  the  working  season  through  the  entire 
jsar.  On  the  other  hand,  it  has  its  disadvantages.  The  sugar  must  still  be  exhausted 
from  the  dried  beets  with  water,  and  the  quantity  of  liquid  to  be  evaporated  is  great. 
MoreoTer  the  roots  in  dnring  are  subject  to  many  ii\iuries.  If  they  are  overheated  a 
portion  of  the  sugar  is  destroyed ;  whilst  if  they  are  imperfectly  dried,  they  form  a 
aifDorable  basis  rar  ftmgoid  vegetation,  by  whicli  aLro  sugar  is  decomposed.    These 
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disadyaDtuges  appear  to  outweigh  the  advantages,  and  but  few  manufactuien  have 
adopted  this  method. 

After  gathering  the  L>eet  roots  they  arc  washed  and  cut  by  machinery  into  long 
rectanguUr  pieces,  and  dried  in  a  kiln.  The  dried  pieces  contain  about  3  to  5  per 
cent,  of  moisture,  and  witli  care  can  bo  pn  served  in  a  perfectly  dry  room  for  a  long 
time.  For  obtaining  the  juice  an  apparatus  similar  to  that  used  in  diffusion  is  used. 
Fourteen  cylinders  are  connecied  with  one  another  by  pipes  to  form  a  battery.  The 
pieces  of  beet  are  placed  in  the  cylinder,  covered  with  half  per  cent,  of  their  wei^t 
of  calcium  hydrate,  and  then  boiling  water  is  poured  over  them.  The  juice  passes 
from  one  cylinder  to  another,  and  acquires  a  concentration  of  36^  to  40^  of  the 
saccharometer ;  it  is  then  run  into  the  defecation  pan,  where  it  is  heated  only  to  90^. 
The  further  working  is  the  same  as  in  the  other  processes. 

The  difficulty  of  transporting  the  beet  root  has  given  rise  in  one  or  two  places 
in  France  to  the  separation  of  the  processes,  the  juice  being  obtained  on  the  spot 
where  the  beets  are  grown,  and  then  conducted  by  pipes  to  a  central  mano&etoiy 
to  be  worked  up.  The  juice  is  mixed  with  1  per  cent,  of  lime  to  preserve  it,  and 
is  then  driven  by  powerful  pumps  through  the  pipes  into  a  large  reservoir  in  the 
central  manufactory.  The  pipes  are  laid  about  three  feet  below  the  sor&oe  of  the 
earth,  the  juice  being  thus  protected  from  freezing. 

Clarification  of  the  Juice. — The  process  of  defecation  or  the  clarifying  of  the  juice 
has  for  its  object  the  removal  of  such  constituents  as  arc  coagulated  by  heat  or  pre- 
cipitable  by  lime.  Lime  enters  into  combination  with  any  free  acids  that  may  exist 
in  the  juice,  saturates  the  acid  salt^  and  combines  with  gum,  albumin  and  casein, 
forming  an  insoluble  precipitate.  It  also  converts  the  fatty  substances  into  insoluble 
lime  soap,  and  precipitates  the  colouring  matter.  Magnesia,  ferric  oxide,  and 
phosphoric  acid  are  separated  in  an  insoluble  form.  The  salts  of  the  oigaidc  acids 
are  decomposed,  and  the  bases  with  which  they  were  combined,  such  as  ammonis, 
potash  and  soda,  are  liberated,  while  the  excess  of  lime  combining  with  sugar 
forms  su^ar-lime.  If  the  juice  contains  grape  or  fruit  sugar,  this  also  enters  into 
combination  with  lime,  but  the  compound  quickly  decomposes,  colouring  the  juice 
yellow  or  brown,  according  to  the  quantity  present.  Thus  the  lime  aflfects  the  most 
diverse  constituents  of  the  juice,  and  the  non-saccharine  constituents  could  be  almost 
completely  separated  by  its  use,  if  all  the  reactions  took  place  in  this  simple  way. 
Various  secondary  processes,  however,  hinder  the  clarification  from  being  as  com- 
plete as  might  be  expected.  The  albumen  contained  in  the  juice  becomes  so  much 
changed  by  the  action  of  the  alkalies  set  free,  that  a  part  of  it  is  dissolved,  and 
cannot  be  removed.  The  lime  salts  too,  which  are  insoluble  in  pure  water,  are  dis- 
solved by  water  containing  sugar,  and  the  liberated  alkalies  partly  replace  the  lime  in 
the  lime  salts  of  the  oi^nic  acids,  forming  the  same  salts  which  had  been  previously 
decomposed  by  the  lime.  The  object  of  further  operations  is  to  remove  these  sub- 
stances. 

The  defecation  and  evaporation  of  cane  juice  were  formerly  carried  out  in  a  very 
rough  manner  in  a  series  of  cauldrons  standing  side  by  side,  and  heated  by  a  common 
fire.  The  cauldron  furthest  removed  from  the  fire  was  the  defecation  pan  and  in  this  a 
small  quantity  of  milk  of  lime  (0*2  to  0*3  per  cent.)  was  added  to  the  juice.  The  im- 
purities rose  to  the  top  as  scum  which  was  removed  with  a  ladle. 

By  precipitating  juice  having  a  specific  gravity  of  1060,  or  15°Bacchar,  with  cold 
lime  water,  Avequin  obtained  per  1,000  parts  38*36  parts  of  dried  scum,  which  con- 
tained:— 

Cerosin 7*15 

Green  colouring  matter 1*50 

Albumin  and  traces  of  cellulose 5*56 

Calcium  and  magnesium  phosphate 15*70 

Calcium  carbonate 230 

Silica 6*15 

Ferric  aud  manganic  oxide traces 

The  juice  from  a  cane  grown  in  new  land  gave  40  to  70  parts  per  1,000  of  dry 
scnm ;  that  from  a  quite  ripe  cane  grown  upon  laud  tluit  has  been  longer  in  culture 
yielded  a  smaller  amoimt  of  scum. 

After  the  removal  of  the  scum,  the  juice  is  transferred  by  means  of  a  ladle  into 
the  second  vessel.  Here  during  evaporation,  a  fresh  scum  is  formed  that  is  continu- 
ally skimmed  off  and  returned  to  the  first  vessel,  which  has  been  meanwhile  filled 
with  fresh  juice.  After  becoming  clear,  the  juice  passes  into  the  third  vessel.  Here 
the  colour  and  condition  of  the  juice  are  noted,  and,  if  necessary,  a  small  quantity  more 
lime  added,  and  it  is  then  skimmed  until  i\X\  the  impurities  nave  been  removed.  In 
the  fourth  vessel  it  is  brought  to  the  consistence  of  a  syrup,  and  finally  ie  tlie  fifth 
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th»  bcnliag  it  flniahvd  wben  the  boiling  juice  thiaw«  np  bubblen  that  bunt  mtli  a 
crarkliDg  none. 

The  orif^n&l  cut-iron  hemispherical  TesBeli  hare  been  leplaeed  by  flat  pane  having 
perpendieitlar  sideB,  arranged  terrace-libe  one  above  anothsr,  bat  still  heated  by  one 
ire.  The  pang  are  therefore  not  aet  Brmly,  but  BO  Uiat  each  can  be  railed  at  one  end, 
and  ita  con  ten  U  emptied  into  the  next  lower  pan.  Paoaof  tbia  kind  are  termed  airi  ng 
pane.  The  combHstion  products  paning  from  under  the  last  pan  an  conducted  into 
a  tnbnlu'  boiler  and  the  steam  is  nsed  for  beating  the  appomtas  in  which  the  final 
ooncantration  takes  place. 

Whaterer  rorm  of  appantoa  may  be  used,  howerer,  the  boiler  over  a  bare  fire  i» 
always  eitremel;  Imperfect.  The  joics  nndergoes  change  by  the  long  contuct  with 
atmospheric  air,  and  by  overheating  a  larger  quantity  of  the  sngar  is  converted  into 
a  non-ciystallisable  calonnd  product,  called  caramel,  so  that  a  disproportionately 
lafge  qnantity  of  Bymp  and  bnt  little  ctyitallisable  sngar  IB  obtaiaeo.  In  order  to 
avoid  this,  appoiatns  heated  by  eteaio  is  being  more  and  more  used.  By  largs  capi- 
talists the  steam  apparatns  of  Rillieni  is  used ;  while  those  of  smaller  meant  oaa 
apparatos  in  which,  though  not  provided  with  the  aarangement  for  producing  n 
vacnntn,  the  beating  of  the  coQCantrated  aj^p  is  effected  b^  stram.  The  kinds  of 
apparatna  naed  in  the  French  colonies  are  in  prindple  similar  to  those  used  in  the 
itntiou  of  dextrin  lolntionB.    Two  kinds  of  apparatus.  Wetzel's  and  Boor's,  are 


Welasl's  apparatns  consists  of  a  half  cylinder  having  donble  sides.  It  has  a 
itirriiu;  arrangement  formed  of  a  hallow  shaft,  which  is  fitted  with  two  lenlicnlar 
allied  bodiea,  connected  one  with  the  other,  by  numerons  pipes,  St«am  is  passed 
into  the  space  between  the  inner  ride  of  the  cyliodet  and  the  jacket,  as  well  as  into 
tlie  hoUoiw  shaft  of  the  stirrer  The  agitator  is  set  in  motion,  and  throngh  the  con- 
ridwable  Bor^a  it  preeeau,  the  neat  is  rapidly  commnnicated  to  the  llqaor  and  tho 
•npontjon  rapidly  eS'ected, 

The  apj      ■ 

SHthejmi  „  ,  ,      - , 

jadet  (o).    The  steam  enters  throng  the  pipe  (n),  and  puses  off  through  if,  intu  the 
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■team  colleetor.  The  stirrer  (a)  coaaiats  of  a  hollow  shaft  (d),  upon  which  are  tul- 
ened  four  hollow  bodies  {//).  The  rteam  goes  in  th«  diroccion  af  the  nmjws,  buton 
ita  way  must  pass  through  ^e  four  bodies  (//)■  Each  of  these  bear  tiro  fupa,  wbicli 
dip  iclo  the  jnice,  carry  with  them  a  portion,  and  upon  becoming  reversed,  pour  it 
out  over  the  space  filled  with  steam.  The  shaft  is  dxivea  by  means  of  pnllies  or  a 
handle. 

Daring  the  erapomtion  of  the  jnice,  there  is  formed  on  the  ride  of  tile  pan  or 
nnldron  a  deposit,  called  in  the  colonies  cal.  It  eonsiata  of  almost  pare  calcium 
photpbata.    According  to  an  analyris  by  Aveqnin,  it  contains : — 

Oaleiom  riiosphate .    92'13  per  cent. 

Cnpric  phosphate  ....       I'i2    „       ,. 

Calcium  carbonate      .        .  ■        .       1'3S    „      ,. 

auica 475  „    „ 

The  eomporition  of  the  cal  natnriLlty  varies  according  to  the  purity  of  the  lime 
Msd  in  the  defecation.  The  amount  of  copper  salt  depends  upon  the  nse  of  copper 
IMS  I  lis  in  the  evaporation.  In  order  to  remove  it.  the  pans  are  henttd  ijter  the  re- 
■oval  of  ths  jnice  to  drynrss ;  the  adherent  idbss  is  thus  rendered  friable  and  can 
«ait7  Im  rawrad  wilJi  a  chisel.  In  Rillleni's  apnaratns  the  deposit  is  not  so  AtoMtt 
ad  can  be  easily  removed  with  dilute  hydrochloric  add. 
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The  clarification  of  beet-root  jniee  is  carried  on  by  rerj  different  methods.  The 
older  method  and  that  which  is  still  very  much  in  use  is  as  follows : — The  dear  juice 
is  run  into  the  clarifying  pan,  placed  so  Uiat  the  juice  can  be  conducted  to  it  firom  the 
press  or  filters  by  means  of  inclined  channels ;  or  if  this  arrangement  is  not  possible, 
the  clarifying  pan  may  be  placed  in  the  upper  stoiy  of  the  building,  so  that  tne  juice 
may  flow  from  it  to  any  other  position  required.  To  raise  the  juice,  which  must 
be  done  either  now  or  at  some  other  stage  of  the  work,  an  apparatus  called  the 
monte-jus  is  generally  used.  This  consists  of  a  closed  cylindrical  iron  yessel  in 
the  upper  part  of  which  terminate  two  pipes  furnished  with  stopcocks.  One  of 
these  cocks  is  used  for  filling  the  ressel  with  juice,  and  the  other  opening  at  the 
highest  point  of  the  arched  lid  is  in  direct  communication  with  the  steam  chest  of  the 
boiler ;  a  third  pipe  passes  through  the  bottom  of  the  apparatus,  and  is  used  for 
running  off  the  iuice  to  the  clarifying  pan  or  any  other  receptacle.  The  steam 
tube  being  closed  the  monte-jus  is  filled  with  juice.  The  juice  tube  is  then  closed 
and  the  cock  of  the  steam  tube  opened.  The  steam  admitted  presses  with  the  whole 
of  its  expansive  force  upon  the  surface  of  the  sap  and  drives  it  through  the  pipe 
opening  at  the  bottom  of  the  apparatus  into  the  clarifying  pan  or  other  vessel  ap- 
pointed for  its  reception.  When  the  monte-jus  is  emptied  the  juice  cock  is  again 
opened  and  the  steam  cock  shut  and  the  operation  is  repeated. 

The  clarifying  pan  is  a  circular  boiler  made  of  copper,  the  bottom  of  which  ii 
round,  generally  hemispherical.  It  is  surrounded  by  a  steam  jacket,  furnished  with 
a  pipe  for  the  inlet  of  the  steam,  and  another  for  carrying  away  superfluous  steam 
and  the  water  which  has  become  condensed.  For  the  purpose  of  heating  the  iuice, 
steam  is  used  eithtr  directly  from  a  boiler,  or  more  advantageously  steam  whicn  has 
already  been  employed  in  driving  the  engine.  The  jacket  must  be  strong  enough  to 
bear  the  pressure  of  steam  of  high  tension,  as  the  liquid  in  the  pan  has  to  be  brought 
to  boiling. 

As  soon  as  the  pan  is  flUed  with  juice,  steam  is  let  into  the  jacket,  and  the  tem- 
perature raised  as  quickly  as  possible  to  80^.  The  first  effect  is  the  separation  of 
albumin,  which  coagulates  at  a  temperature  of  65^.  When  the  thermometer  indicates 
a  temperature  of  80°  or  86°  at  the  most,  the  flow  of  steam  is  lessened  so  that  further 
increase  of  temperature  may  take  place  gradually.  Lime  mixed  with  water  to  a  thin 
paste  is  then  added,  and  well  stirred  up  with  the  juice  so  as  to  cause  a  thorough 
mixture. 

Directly  the  lime  comes  into  contact  with  the  juice,  a  considerable  quantity  of 
floeculent  precipitate  separates.  The  temperature  is  then  gradually  raised,  causing 
the  formation  of  more  precipittite,  which  does  not  sink  to  the  bottom,  but  floats  as  a 
sctim  of  gradually  increasing  thickness  upon  the  surfiice  of  the  liquid ;  for  this  reason 
the  process  is  known  as  the  upward  clarification  process.  The  liquid  is  just 
allowed  to  enter  into  ebullition,  and  the  steam  is  then  shut  off.  If  the  operation  has 
been  properly  conducted  all  the  scum  will  now  be  found  upon  the  surface  and  beneath 
will  be  a  completely  clear  liquid.  The  scum  contains  almost  all  the  colouring  matter, 
and  the  previously  dark  coloured  juice  is  now  a  clear  yellow.  If  the  liquid  remains 
turbid  i^ter  the  boiling,  or  if  the  juice  is  not  separated  from  the  scum,  the  result 
indicates  that  not  enough  lime  has  been  used,  and  in  the  next  clarification  the  quantity 
of  lime  must  be  increased. 

Two  different  arrangements  of  the  pan  are  in  use  for  separating  the  clear  fiuid 
from  the  scum ;  one  consists  of  a  tube  passing  through  the  bottom  of  the  pan  and 
jacket,  which  is  closed  by  means  of  a  valve  during  the  process  of  clarificauon,  and 
then  carefully  opened.  The  clear  liquid  is  allowed  to  fiow  away,  but  as  soon  as  it 
begins  to  be  clouded  by  admixture  of  scum  the  \'alve  is  closed,  and  the  scum  is  ran 
off  to  the  filter  press,  where  it  is  completely  freed  from  juice. 

The  other  arrangement  for  the  separation  of  the  juice  from  the  scum  consists  in  s 
siphon  which  pa^ises  through  the  wall  of  the  pan  and  enters  the  liquid  l)elow  its 
surface,  the  short  arm  terminating  at  the  bottom.  The  long  arm  opens  outside  the 
pan  over  a  funnel  connected  with  the  juice  reservoir,  and  governed  by  a  stopcock. 
As  the  highest  point  of  the  siphon  is  below  the  surface  of  the  liquid,  the  stopcock 
need  only  bo  opened  to  set  it  in  motion ;  the  clear  liquid  is  allowed  to  run  off  but 
the  scum,  the  consistency  of  which  will  not  permit  it  to  escape,  remains  behind  and 
is  ladled  out  afterwards. 

With  reference  to  the  quantity  of  lime  which  is  requisite  in  clarification,  nothing 
definite  can  bo  stated,  because  the  amount  of  matter  required  to  be  removed  varies 
greatly.  Some  kinds  of  beet  contain  much  more  non-saccharine  matter  than  others. 
Those  that  have  been  well  preserved  too  contain  a  less  amount  than  those  which  become 
rotted  in  the  pits,  and  tho  same  beets  contain  less  immediately  after  they  are  gathered 
than  in  the  spring.  All  these  considerations  uffect  the  use  of  lime,  so  that  relisaca 
must  be  placed  entirely  upon  observation  of  the  appearance  of  the  juice,  and  snfioiwt 
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lime  be  used  for  the  juice  to  be  clear  after  boiling  and  no  longer  dark  coloured.  In 
general,  however,  it  ma^  be  assumed  that  for  100  parts  of  beets  by  weight,  half  to 
three-quarter  parts  of  hme  will  be  required.  The  variation  will  generally  be  within 
these  limits. 

The  clarified  juice  has  a  very  alkaline  reaction  in  consequence  of  the  liberation  of 
the  bases,  potash,  soda,  and  ammonia  (which  escape  in  the  boiling),  and  by  the  for- 
mation of  sugar-lime.  Since  lime  is  only  difficultly  soluble  in  hot  solutions  of  sugar, 
the  formation  of  sugar-lime  never  exceeds  a  certain  limit,  even  should  an  excess  of 
lime  be  used,  which  should  however  be  avoided.  The  alkalimetrical  strength  of 
ordinary  refined  juice  represents  an  average  contents  of  about  0'2  per  cent,  of  lime. 
The  alkalinity  of  the  juice  is  of  great  importance  for  its  preservation  ;  fermentation 
and  formation  of  mucus  occurs  only  in  acid  or  neutral  juice,  whilst  an  alkaline  juice 
remains  free  from  these  changes.  On  this  account  the  sap  is  never,  oven  in  the  later 
processes,  completely  £reed  from  dissolved  sugar-lime. 

Saturation. — Although  a  certain  quantity  of  sugar-lime  in  the  juice  is  requisite 
for  its  preservation,  the  amount  present  after  clarification  is  too  considerable  to  be 
profitably  allowed  to  remain.  It  is  true  the  lime  would  certainly  be  removed  in  the 
subsequent  filtration  through  animal  charcoal ;  but  this  would  be  at  the  expense  of  the 
quality  of  the  charcoal,  for  when  the  charcoal  is  saturated  with  lime  it  is  no  longer 
capable  of  absorbing  the  substance  for  the  removal  of  which  it  is  chiefiy  employed. 

As  carbonic  acid  readily  decomposes  sugar-lime,  it  is  now  generally  used  for 
saturating  the  juice.  The  apparatus  used  for  this  purpose  was  invented  by  Kindler. 
It  consists  of  an  iron  cylinder  which  is  higher  than  it  is  wide.  Some  factories  employ 
wooden  vats,  the  sides  of  which  are  furnished  with  a  spiral  steam  tube  for  heating 
the  juice.  At  the  bottom  is  a  second  tube  or  coil  perforated  along  its  surface  for  the 
purpose  of  admitting  the  carbonic  acid.  The  large  quantities, of  steam  formed  escape 
from  the  saturator  through  a  funnel-shaped  head-piece,  prolonged  so  as  to  extend 
above  the  roof.  In  this  head-piece  a  trap  is  fixed,  through  which  the  progress  of  the 
juice  may  be  easily  watched. 

Carbonic  acid  decomposes  not  only  the  sugar-lime,  but  also  a  number  of  other 
flugar  constituents  precipitated  from  the  juice  by  the  lime ;  care  must  therefore  be 
taken  that  only  the  clearest  juice  is  saturated,  and  that  all  the  scum  remains  in  the 
clarifying  pan.  For  this  reason  the  first  and  last  portions  of  juice,  which  are  always 
contaminated  with  scum,  are  separated  and  added  to  the  bulk  of  ihe  scum  that  they 
may  be  filtered  before  being  saturated. 

The  saturator  being  filled  with  hot  clarified  juice,  steam  is  admitted  into  the 
heating  coil,  and  the  liquid  heated  to  ebullition  ;  carbonic  acid  is  then  introduced  into 
the  boiling  juice  by  means  of  a  force-pump.  The  boiling  liquid  has  a  great  tendency  to 
form  a  froth,  and  would  be  partly  lost  if  the  frt>thing  were  not  prevented.  This  is 
effected  by  the  addition  of  small  quantities  of  fat,  tallow,  butter,  or  paraffin,  which 
melt  and  form  a  thin  layer  upon  the  surface  of  the  liquid,  causing  the  bubbles  of  the 
steam  to  burst. 

Production  of  the  Carbonic  Acid. — The  carbonic  acid  used  for  saturating  the  juice 
need  not  be  chemically  pure.  An  admixture  of  other  gases  presents  no  further  disad- 
vantage than  that  a  greater  volume  must  be  used,  and  that  the  carbonic  acid  thus 
diluted  is  not  so  readily  absorbed  as  that  which  is  pure.  Pure  carbonic  acid  produced 
by  decomposition  of  carbonates  with  stronger  acids  would  be  much  more  expensive 
than  a  larger  quantity  of  carbonic  acid  mixed  with  other  gases. 

A  number  of  different  kinds  of  apparatus  are  used  in  the  preparation  of  carbonic 
acid  gas,  amongst  which  Eindler's  furnace  still  enjoys  considerable  reputation.  It 
consists  of  a  small  shaft  furnace,  at  the  grate  of  which  a  fire  is  kindled.  As  soon  as 
this  is  in  a  lively  fiame,  the  entire  shaft  is  filled  gradually  with  fuel,  generally  coke, 
as  free  from  sulphur  as  possible.  The  upper  opening  of  the  furnace  is  then  completely 
dosed,  and  a  strong  draught  maintained  by  an  air-pump,  which  drives  the  air  through 
the  grate,  bringing  it  into  contact  with  the  red-hot  fuel,  the  oxygen  of  the  air  com- 
bining with  the  carbon  to  form  carbonic  acid.  The  product  of  combustion  containing 
nitrogen  and  steam  is  at  once  drawn  off  from  the  side  of  the  furnace  near  the  fireplace, 
in  order  to  avoid  the  carbonic  acid  remaining  too  long  in  contact  with  the  red-hot  coke, 
which  would  cause  the  reduction  of  the  carbonic  acid  to  carbonic  oxide,  and  consequent 
waste.  The  hot  gas  is  then  cooled  by  drawing  it  first  through  a  chamber  filled 
with  pieces  of  limestone  and  pans  of  water,  and  then  through  a  reservoir  filled  with 
water.  The  high  temperature  of  the  gas  serves  to  expel  a  portion  of  the  carbonic 
acid  from  the  limestone,  and  any  sulphurous  oxide  present,  originating  in  the  combustion 
of  sulphur  compounds  in  the  coke,  is  retained.  In  passing  through  the  water,  the 
accompanying  dust,  ashes,  etc.,  are  removed.  After  the  gas  leaves  this  water  tank, 
it  passes  into  a  suction  and  force-pump,  and  is  by  it  forced  either  into  a  reser- 
roir  07  gasometer,  or,  as  is  customarily  the  case,  immediately  into  the  saturaticn  vessel. 

8k2 


Fig.  611  is  a  Tertical  MctloD  ; 

fig.  61 2  ia  ft  horiiautsl  ncboD 
made  on  the  lins  CO,  Bt  ■ 
hingEit  of  about  3^  feetsbore 
thagraU.  fig.  010  ii&bori- 
EOntal  aectioD  thiongh  th* 
line  1 B  «t  the  top  of  the 
flue. 

The  foTDiiee  forms  ft  cone, 
the  gieftteat  diftmetar  of 
which  upan  the  ground  U 
sbont  11  feet,  mid  tbe  leait 
diftmeter  at  the  top  ia  about 
3  foet.  A  little  wiij  abof* 
the  ground  at  the  mdd  irf  the 
ihiift  ftre  two  flrepUcM,  the 
gratw  of  which  ft»  ftbont 
3^  feet  long,  3  feet  8  ioehti 
wide.  TluMe  are  pmrkM 
with  doon,  hj  tneana  «f 
which  the  dianghl  maj  be 
tegnlntML  The  flame  doM 
not  eolei  the  fumaoe  in 
mediately,  hot  is  btcikMB  bj 
a  fire  bridffB,  u  shown  in 
flg.  612,  and  entsn  the  for 
Dace  in  two  cnrrenl*.  A  !•■ 
galKT  diBtribiition  of  beat 
throughout  Che  shaft  is  thns 
attained,  the  four  opening* 
of  the  two  flreplaces  being 
sitaated  at  an  equal  disCaaea 
fVom  each  other.  Around 
tho  fumaCB  are  fire  tien  of 
opening*,  each  tier  conUio- 
ing  thrra.  vbicfa  are  sitaated 
at  an  equal  distance  each 
from  the  other.  Theae  shot 
henneticall;.  bQt  are  used  to 
obaecre  tie  atate  of  the  tar- 
nsce,  and  also  for  ftllowiag 
air  to  entar  if  required:  an^ 
choking  of  the  furnace  is  re- 
moTed  through  three  open 
logs  with  an  iron  bar 
Above  11  the  shaft,  and  the 
whole  furnace  is  corarad  bf 
a  BtroM;  cMt  iron  plat* 
composed  of  three  diifentt 
part&      Beneath   this   plaU 


id  this  18 


with  the  interior  bj  n 
of  fire  limet  holes,  inu 
channel  receina  the  whole  of 
the  product  Airmsfaed  bj  tbe 
combustion  as  weU  a*  Iht 
cartranic  aad  dnven  out  of 
the  limeatons  and  euncs  it 
Fio.  012.  "'"y  bj  menu  of  tbecut- 

iron  pipe  (r/.    The  diai^l 
IS  nipphed  bj  a  large  force  pamp,  which  Brst  collects  the  air,  tlien  the  prodactsof  ow 
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IjoD  from  the  fimace,  and  aftenrarda  driTw  (hwe  prodncM  to  tlia  place  wbera 
J  u«  nquiied. 

8neh  a  furnace  jielda  ia  twaQty-foni  hoan  6  toaB  of  barDad  lima  which  reqiiirea 
raidi  of  10^  tous  of  pure  c&ibooaW  of  lime  ia  the  limestoaa  used.  The  linMtone 
xoksD  into  pieces  about  ID  cubic  inches  in  stse,  and  after  the  fiicnacs  hu  beea  set, 

Simall  quanUtics  of  thsM  are  thnwn  in  at  iDteirals  of  an  hour,  thnmgh  three 
holea  in  the  upper  plate,  each  8  iocbca  in  diameter.  As  booh  aa  the  limestoiia 
hrDWii  in,  the  holea  an  cloied  by  meaaa  of  thre«  laige  hoUoir  balls  (b,  flg.  Sll), 
Tided  vith  handlei.  The  holea  are  charged  altematelj  ao  that  the  Umeatooe  may 
plAoed  as  uniformly  as  possible  in  the  fumacs.  About  3  cwC  of  limegtone  u> 
iwn  into  the  foroace  at  a  time,  and  vith  this  limestone  is  mixed  about  IS  lbs. 
eiAa>    Beside  this,  about  30  cvt.  of  coke  is  used  in  tha  two  fireplacea,  Trmting  in 

■boat  3  tODB  Id  the  twenty-four  hours.  The  6  tons  of  pure  lime  in  the  limestone 
Ombinad  with  about  6  tons  of  carbonic  acid,  aod  the  3  tons  of  coke,  if  it  were  pure 
bon,  would  produce  nearly  7i  tons  of  carbonic  add  in  tha  combnation.  Theoreti- 
j,  then,  ths  capacity  of  the  furnace  would  be  equal  to  the  production  of  about 
tons  of  CBitwoJc  add  iu  twenly-fonr  hours.  But  Uie  limestone  ia  not  pore  caldum 
bonate,  neithar  is  the  coke  pore  carbon,  so  that  the  actual  amount  obtaJmed  will 

eooaidarably  below  this  eetunate. 

The  burnt  lima  ia  drawn  out  at  the  hearth  of  the  fnmaca  through  the  opening 

l)  doaed  by  iron  doon.     The  carboaic  add  drawn  off  by  the  pump  is  cooled  by 

■ing  through  a  wide  iron  tubs, 

ich  conducts  it  &om  the  top  of 

I  f  niuace  to  a  vaahing  apparatiu. 

ia  iasbown  inflg.  613,  and  con- 

»  of  B  cast-iron  cylinder  about 

ft  in  diatneTAT  aiid  7)  it.  in 
^t.  The  interior  part  of  the 
inder  ia  diridsd  into  four  cham- 
■  {i,Kiro),  b;  manna  of  throe 
fonbiA.^Mka{bcd»/g).  xii 
tab*  &r  condactiug  the  car- 
ie  acid  from  the  furnace.  At 
entrkDOe  into  tha  washing  ap- 
Btna  it  is  bent  nt  right  angles 
1  oloaed  at  the  end.  The  lower 
f  of  that  part  of  tha  pipe  which 
D  thewaUuDg  apparatas  is  per- 
Lt«d  by  nomarous  holes,  the 
matar  cnT  which  ia  at  leaat  eqnal 
itat  of  tha  tube.  The  carbonic 
1  enters  through  these  orifices, 
n  fUTs  through  the  perfora- 
ta of  the  three  dieks,  and  also 
on^  the  layers  of  water  upon 
[dktea.  Tha  perforatjoas  of 
•0   [JatM   ars   about  t    in.  in 

metor,  and  are  arranged  so  that  ^ 

I -whale  auE&oe  ocenpisd  bythem  '..—-....:  ::^'  \: 

aqnal  to  the  diameter  of  the  ■>.      <ia 

in  pips  or  a  litUe  more.    The  ""■  "'•• 

sh  water  enters  through  a  small  tube  at  b,  and  falls  axto  a  diah  placed  on  the  top 
k  whan  it  ovaribwa  kA  corera  tha  diak.  Owing  to  the  piesanra  of  ths  gas,  tha 
Itff  cannot  pass  through  the  perfoiBtions  but  rsmains  over  them  until  it  reaches 
I  height  of  the  escape  tube  abore,  the  gas  all  the  while  passing  thiongh  it.  The 
■hly  admitted  water  fall*  throng  tbe  outlet  pipe  into  a  similar  dish  upon  the 
MM  disk,  flowing  over  aod  eovenng  this  also ;  it  then  falls  through  a  second  outlet 
M  on  to  the  third  disk,  from  whence  it  eeeapea  into  the  lower  chamber,  where  it 
Usds  until  the  openinga  of  the  main  pipe  are  coTsred.    The  bent  tube  (b)  now 

—  '*"-  ■ — ' — '  " ' — t  level,  and  allowa  the  superfluous  water  to  escape.    The 

enters  below  is 
iray  can  it  make  its 
*gtj  bacanse  the  escape  tnbea  are  kept  doled  l^  tbe  water  flowing  over  from  tha 
kaa.  The  water  meets  ths  gaa  from  abovs,  and  the  arrangement  ia  such  that  the 
M  water  is  used  fonr  timaa.  This  is  a  syatamatic  method  of  cooling  and  purifying 
tbe  least  possible  expenditure  of  material.  Having  reached  Uie  top,  tlu  at  !■ 
ivn  off  by  the  ptunp  throa(h  the  tube  (op}  to  a  dry  purifier,  and  aflerwaru  eon- 
!tad  to  the  aatuiBlor, 


Fig.  614  repreaeDU  inoaeriew  all  the  apparatm  foithe  pradneljon  (Utdnnttf  ih* 
gai.  To  the  left  hand  ia  the  lime  funi&ce  described.  The  limsBtoae  oud  coke  u* 
mixed  in  the  giiea  proportioaa  opon  the  plate  (a). 


■{     I 


llie  honrl;  elinif;iti«  of  the  famace  is  etiectfo  tnrongn  the  opeDingi  in  the  pUu 
luaui  l>y  the  lliree  balla  (b).    The  bant  lime  is  withdiBwn  every  honz  tliToatb  tha 
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openings  (gg)  below.  The  carbonic  acid  rises  to  the  top  of  the  famace  through  the 
spiral  channel,  and  is  then  conducted  to  the  first  washing  apparatus  by  the  pipe  tf'; 
it  then  rises  through  the  apertures  in  the  extension  of  this  pipe  (A),  passes  into  the 
chambers  (l  m  n  o)  through  the  perforations  of  the  disks,  and  is  wae^ed  by  the  water 
entering  at  h\  The  washed  gas  &en  passes  through  the  tube  q  into  a  dry  purifier  (r), 
which  is  adTsntageously  filled  with  coarse  pieces  of  limestone,  and  here  any  water 
mechsDically  carried  oyer  with  the  gas  is  deposited  and  runs  off  through  a  bent  tube 
{bT).  8  is  a  horizontal  air-pump  which  draws  the  gas  to  this  point  and  then  forces  it 
on  through  the  tube  (t)  into  the  receptacle  (u),  where  it  is  under  a  pressure  of  from 
6|  lo  10  ft.  of  water,  causing  it  to  fiow  into  Uie  saturator  upon  the  opening  of  the 
cocks  which  govern  it.  t  is  one  of  the  saturators,  and  x  is  the  clarifying  vessel  in 
which  the  saturated  juice  deposits  its  precipitate.  For  the  purpose  of  separating  the 
clear  liquid  from  the  precipitate  on  the  lx)ttom  there  is  a  simple  arrangement.  To 
the  esd^  cock  upon  the  inside  of  the  clarifying  vessel,  a  wide  caoutchouc  tube  is 
attached,  upon  the  end  of  which  is  a  float,  keeping  the  open  end  constantly  on  a  level 
with  the  liquor.  When  the  turbidity  is  deposited  the  stopcock  is  opened,  the  clear 
liquid  runs  off  through  the  tube  into  the  receptacle  (t),  and  afterwards  the  precipitate 
is  withdrawn  through  a  valve  at  the  bottom  of  the  vessel,  and  is  conveyed  by  a  monte- 
jus  (not  represented  in  the  cut)  to  the  filtering  presses.  From  the  receptacle  (t),  the 
clear  juice  either  fiows  immediately  into  the  charcoal  filters,  if  the  apparatus  for 
saturation  and  clarification  are  above  them,  or  if  not,  it  is  raised  to  the  filters  by  a 
moote-jus. 

Various  other  methods,  having  for  their  object  the  production  of  concentrated 
carbonic  add,  however,  are  not  practically  available,  because  the  extra  expense  of 
producing  it  is  by  no  means  proportionate  to  the  advantage  gained.  It  has  been  pro- 
posed, for  instance,  to  heat  lime  in  closed  iron  retorte  by  a  stream  of  superheated 
steam.  Another  plan  consists  in  passing  carbonic  acid  from  lime  kilns  into  a  solution 
of  neutral  sodium  carbonate;  the  carbonic  acid  being  absorbed  and  acid  sodium 
carbonate  formed,  whilst  the  nitrogen  of  the  air  entering  the  furnace  and  the  carbonic 
oxide  gas  produced  pass  off  through  the  liquid.  The  solution  of  acid  sodium  carbonate 
is  then  heated  to  boiling,  causing  the  evolution  of  the  absorbed  carbonic  acid,  neutnJ 
sodium  carbonate  remaining,  which  can  be  used  in  a  fresh  operation. 

The  first  eSvCt  of  the  carbonic  acid  is  to  produce  a  cloudiness  of  the  juice,  due 
to  the  precipitation  of  calcium  carbonate.  After  a  short  time  the  precipitate  gathers 
ID  large  floats  and  settles  to  the  bottom.  Tne  liquid  is  examined  from  time  to  time 
during  the  saturation,  by  removing  a  small  portion  with  a  little  iron  spoon.  The 
progress  of  saturation  is  shown  by  the  appearance  of  the  liquid,  an  insufficiency  of 
carbonic  add  bdng  indicated  as  long  as  it  remains  cloudy,  but  when  large  fiakes 
appear  and  quickly  settle  to  the  bottom  of  the  spoon,  leaving  the  juice  above  dear, 
the  saturation  is  complete. 

The  supply  of  carbonic  add  is  then  stopped,  the  liquid  is  once  more  brouffht  to 
•Imllition,  iaa.  then  immediately  drawn  off  into  a  clarifying  vessel  standing  directly 
under  the  saturator,  where  in  a  very  short  time  the  precipitate  subsides.  The  fiuid  is 
now  filtered  and  the  precipitate  expressed  together  with  the  scum. 

The  precipitate  formed  in  the  process  of  saturation  is  not  pure  calcium  carbonate, 
but  is  mixea  with  various  nitrogenous  and  non -nitrogenous  organic  substances. 
Whetheir  this  further  precipitation  takes  place  because  the  substances  in  combination 
with  the  lime  were  dissolved  in  the  juice  previous  to  its  saturation,  and  were  then 
thrown  out  of  solution,  or  whether  they  are  mechanically  carried  down  by  the  calcium 
earbonate,  is  not  known. 

The  treatment  with  carbonic  acid  is  never  carried  so  far  that  all  the  lime  is  re- 
mored  from  the  sap.  A  small  quantity  of  it  is  always  allowed  to  remain,  because  it 
haa  been  observed  that  in  the  subsequent  decolorisation  by  animal  charcoal,  a  much 
moiro  eomplete  result  is  obtained  if  the  juice  still  contains  some  lime  ;  for  although 
raice  free  from  lime  can  be  perfectly  decolourised,  it  readily  turns  dark  afterwards. 
It  appears  therefore  that  after  the  clarification,  the  juice  contains  a  substance  colour- 
leas  in  itself,  but  which  undeigoes  change  and  becomes  coloured,  and  that  this  sub- 
stance in  combination  with  lime  is  absorbed  by  charcoal,  while  it  is  not  absorbed  in  a 
free  condition. 

BouMteau's  Method  of  Clarification. — According  to  this  method  the  juice  is  clarified 
in  pans  such  as  have  been  described,  but  six  times  the  ordinary  quantity  of  lime  is 
used,  or  sufficient  to  combine  with  not  only  the  non-sacchanne  matters — organic 
aeids,  etc. — but  also  with  the  whole  of  the  sugar.  On  an  average  4  Wm.  of  lime  are 
■sed  to  100  gallons  of  juice,  varying  according  to  the  quality  of  the  beets.  The  lime 
is  mixed  with  6  or  6  times  its  volume  of  hot  water  And  added  to  the  juice  at  a  tem- 
pflcatnre  of  60^  to  66^.  The  mixture  is  then  heated  to  00^  or  96®,  but  should  not  be 
made  to  bdL    The  liquor  is  separated  firom  the  predpitate  and  passed  through  a 
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■null  fitter  to  remove  nupeiidMl  p&rtidra  of  lime  acnm.  Thii  filter  ccuuuti  of  &  bn 
fuTiDg  a  Businei  at  Lbe  bottom,  over  which  s  cloth  ii  apread,  and  tliii  ii  corend  Tith 
B  lAjrer  of  graaul&r  uiimnl  cbercoal  10  inchM  thick. 

Thecleiir  juice  iai&tiuatMi  in  ths  appamtm  npraicDted  in  fig,  S16.    It  eooBMiaf 
»  donble-BCtion  air  pump  (a)  worked  l^  maehinerj,  by  vhiefa  air  is  dnwD  in  thn*^ 
'   M  (oa)  and  drivan  thiongh  the  pipea  (bb)  into  an  iron  fomace  (b),  mi  the  baa* 
of  charcoal  and  coka.     When  the  carbonic  add  prodncad  hj  tb* 


the  pipea  (i 
of  which  is 


with  watar,  where  ■napended  uh  ia  deposited ;  the  dirty  water  can  be  ran  off  thioajji 
tbe  cock  (if).  From  the  waeh  Tessel  the  carbonic  acid  paaeu  thningh  a  pipe  ^), 
common  to  all  tbe  eatoratoia,  and  the  branch  tnpe  (o  s)  into  the  rmturatnT  (i).  The 
aatnrator  has  the  aame  conatniction  aa  the  ordinary  defecation  pan.  It  ia  a  boilar 
vith  an  arched  bottom,  under  which  ia  a  «team  jacket ;  this  la  supplied  with  ateua 
through  one  pipe  (h),  whilst  another  pipe  (o)  eoDdneta  the  condenaaa  water  and  ezeaa 


Fio.  616. 

The  vessel  (i)  la  filled  with  clear  juice,  which  ia  then  heated  to  boiling  attd  treated 
with  carbonic  acid.  The  gaa  enters  tliToiigfa  a  rose  at  the  end  of  the  pipe  (o  >),  1^ 
which  meaos  it  ia  driven  id  Beparste  bubble*  throngji  the  liquid.    The  complatioa  it 

the  satnratioD  is  realised  bj  the  liquid  becoming  less  Tiaeoas.  and  allowing  ths 
procipitnte  of  calcinm  carbonata  formed  to  sink  readily  W  the  bottom.  A  Taire  at 
the  button)  ie  then  opened  by  turning  the  rod  (i  k),  and  the  juice  rnoa  throogli  the 
tioogb  (l)  into  the  settliog  Tesiel.  or  through  a  box  filter  into  a  rfserroir,  ready  to 
be  passed  through  the  priucipal  filter.  It  ia  evident  that  by  this  method  B  luge 
quantity  of  scum  is  produced,  and  for  thie  reaaon  it  has  not  met  with  tawnr  in  the 
German  works.  Recently  special  apparatga  has  been  constructed  bdlitatiog  the 
working  of  the  acnm,  but  at  tbe  same  time  the  methods  of  defecation  hare  beea 


Ftmer  Poisoe-Jtlimel^i  Melliadi  of  DtfeoaiK». — ^The  peculiaritjes  of  tlieaa  methods 
are  uaoallj  nnil^d  in  working.  The  cold  juice  ia  mixed  with  milk  of  lime  hnted 
and  saturated ;  after  the  lesnltiag  defecation  milk  of  lime  la  added  a  aecond  time, 
and  it  is  aguin  aatnrated.  The  milk  of  lime  used  contains  2D  per  cent,  of  lima. 
It  is  made  ij  mixing  480  lbe.  of  burnt  lime  vrith  aboQt  ISO  galloos  of  water  ot 
defecated  juice,  and  afterwards  di]iitin(;  tbia  paste  vith  S50  gallons  more  liqnor;  the 
milk  ia  passed  through  a  course  sieve  to  remove  stones  and  sand.  It  will  than  coQtain 
nearly  '10  per  cent,  of  lime,  but  in  order  to  bring  it  to  its  right  strength  10  c  o.  are 
removed  with  a  pipette  and  dilated  with  200  c.  c  of  water,  in  which  SO  grama  of 
pure  sugar  is  dissolved,  and  thus  all  the  lime  is  obtained  in  solution  as  sogar-liiie. 
The  solution  is  then  coloured  hlae  with  litmus,  and  titrated  with  normal  anlphwis 
acid.  After  ths  amount  of  lime  has  been  thus  ascertained,  it  is  easy  to  reckon  bow 
much  water  hna  yet  to  be  added  u  bring  the  aolntion  to  the  rieht  etrraigtli. 

In  tbe  first  treatment  with  lima,  when  the  liqnor  is  kept  alkaline,  the  greatvr  put 
of  the  foreign  sabstancee  is  separated.  Id  the  second  treatment  with  lime,  when  ■ 
very  much  smaller  proportion  la  used,  the  remaining  impurities  sre  got  rid  oC  His 
saturation  with  carbonic  acid  is  then  carried  so  far  that  all  the  componnds  of  sugar  with 
alkalies  and  lime  are  decomposed.  At  the  same  time  the  excess  of  carbonic  acid 
causes  a  small  portion  of  the  imparity  to  pass  iniA  solution  again,  and  in  order  to  get 
rid  of  this  a  small  quantitrr  of  lime  is  added,  inBufBcientto  produce  any  detrimental  efict 


cienl,  bnt  the  qnanti^  must  be  regulated  t^  the  cpa^tj  of  the  beet. 


CLAEIFICATIOH  OP  THE  JTHOE. 


I  jaa  into  the  appamtns  for  debcatioD  and  latimtion,  Twtieil 


isoDtsI  seetioDB  of 
je  Bhown  id  figt. 

BIT-  ICconaiaU 
are  ciaMrn  6  fset 
I  long  and  1  feet 
At  the  bottom 
lips  (4)  4  uiches 
leter,  UDJted  bj 
jiMpiMM,  and 
aiqnarepftrallal 

■  willg  of  tbo 
Thia   jiipe   is 

i&ea  with  Ads 
n  order  to  dia- 
duoogh  the 
he  carbonic  acid. 
[■  caniad  to  it 
irtieol  pipe  with 
(•>}.     A  ai-inch 

bent  Bteam  pipe 
three  coila  of 
CB  nbont  6  inchsa 

obtaina  direct 
'om  the  pipe  (b)  ; 
denaed  and  on- 
sdnAon  pa«aing 
gh/intoaat«Bni 

A  S-incIi  Talve 
!)  ii  need  for 
g.     When    the 

ia  fiiU  c^  the 
of  juice   and 

■1,  and  carbonic 
idmitted  at  the 

if  eoDaidarabta 
ice  immediately 

0  form,  for  the 
m  of  which   an 

of  &t  ia  alwBjB 
,.  A  simple  er- 
nt  for  the  pro- 
of the  froth  hue 
iDtrodneed  by 
Twoaj-ia  hon- 

pea  are  plaosd  at  a  diatanca  of  40  inches  from  each  other,  6  iachaa  below  the 
r  30  iDcnaa  flnm  the  tides  of  the  box.  Both  pipea  commnoicate  with  tli* 
od  on  two  aidea  they  aie  perforated  with  flue  holea.    When  ateam  ia  let  id  it 

1  hoiiioatally  in  ■  One  atmam  throngh  theae  openinga,  Diakea  ita  way  throu^ 
ly  maaa,  and  canaee  the  babblea  to bnist.  By  theaid  ofthesefroth  breakaia 
■aanra— the  work  can  be  carried  on  lapidty  withont  fear  of  boiling  over. 

it  the  contioned  inflow  of  the  carbonic  &cwl  the  temperatnro  of  the  jnica  riaee 
"  to  80°,  and  it  ia  retainsd  at  thia  temperatnro  nntil  the  precipitaU  aioka 
D  gnat  fiocka  to  the  bottom,  and  the  liquor  only  contuna  1  lo  3  porta  per 
diaaolred  lime  ;  the  temperHtnre  ia  thenrsised  to  9a°orBS°.  The  iniee  thai 
wpaiste*  easily  &om  the  precipitate,  which  doea  not  riaa  aa  in  the  ordinary  de- 
to  the  sncface,  but  collect!  at  the  bottom.  Aa  aoon  aa  the  defacatiOD  ia  com- 
he  valve  at  the  bottom  of  the  cistern  is  opened,  and  the  jaice  and  aediment  roE 
a  clearing  veaael.  After  a  ah  on  time  two-thirds  of  the  jnice  can  be  aapaistad 
m  depoat;  the  remainder  with  the  sediment  ie  paased  into  the  filter  pma, 
le  aediment  ia  completely  retained,  and  the  juice  is  obtained  clear. 
whole  of  the  jniee  u  thee  brought  back  to  the  satnrator,  whan  sd  amoDnt  of 
ime  eoRMponding  to  fi  Iba.  of  pnra  lima  to  each  100  gi^oua  of  jnica  ia  adcU 
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and  the  whole  is  boiled  for  fiye  minutes.  The  steam  is  then  shot  off,  and  carbonic 
acid  is  let  in  until  all  lime  and  alkali  is  completely  neutralised,  turmeric  paper  not 
being  coloured  brown,  or  red  litmus  paper  blue,  by  a  few  drops  of  the  juice.  Excess 
of  carbonic  acid,  by  which  some  of  the  precipitated  impurities  are  redissolTed,  is  then 
removed  by  boiling,  and  a  slight  alkalinity  is  restored  to  the  liquid  hj  the  addition  of 
^  lb.  to  1  lb.  of  lime  to  each  100  gallons.  After  settling,  the  clear  juice  goes  to  the 
filter,  and  is  then  boiled  in  the  usual  way. 

The  advantage  of  this  method  is  that  the  cold  beet  juice  dissolves  a  much  larger 
quantity  of  lime  than  at  a  higher  temperature,  and  consequently  the  precipitation  of 
the  matters  formiDg  insoluble  compounds  with  lime  can  be  more  easily  efifected. 
The  large  excess  of  sugar  lime  is  at  once  again  decomposed  through  the  saturation, 
calcium  carbonate  being  precipitated,  carrying  down^with  it  foreign  matters.  There8ult> 
ing  precipitate  is  dense  and  compact,  and  can  be  more  easily  fireed  from  juice  than 
the  voluminous  slime  of  the  ordinary  defecation. 

FiUraiion  of  the  Juice. — After  the  defecation  of  cane  juice  it  is  allowed  to  mn 
through  a  small  preliminary  filter  into  the  filter  which  has  already  been  used  for 
the  filtration  of  thick  juice  (see  p.  847).  The  filtered  juice  has  a  specific  gravity  of 
about  1063  (17°  sacch.) ;  it  is  then  concentrated  to  about  sp.  gr.  1'118  (30°  saoch.) 
The  juice  flowing  from  thence  is  collected  in  a  reservoir,  from  which  it  is  drawn  as 
required  into  the  evaporating  body  of  a  vacuum  apparatus  (p.  849).  The  thick  juiee 
is  then  at  once  boiled  to  the  thread  proof  or  granulation. 

The  advantages  of  the  improved  arrangements  in  colonial  sugar  fiictories  consist  in 
an  increased  yield  of  33  per  cent,  from  the  cane,  and  the  product  commands  about  10 
per  cent,  higher  price  than  that  prepared  by  the  old  method.  The  rapid  evaporation 
in  the  vacuum  pans  allows  of  a  larger  quantity  of  cane  being  worked  in  the  same 
factory.  A  large  central  factory  can  therefore  be  erected  in  the  midst  of  several 
plantations,  in  which  the  cane  produced  in  the  different  places  can  be  worked,  and  a 
separation  thus  effected  between  the  strictly  agricultural  and  the  manu&cturing  works. 
A  large  manufactory  of  this  kind  exists  in  Havanna;  it  unites  the  work  of  four  old 
boiling  houses — St.  Thomas,  St.  Susanna,  St.  Martin,  and  Zuluetta — and  produces 
126  tons  of  sugar  daily.  Another  central  manufactory,  erected  by  Cail  and  Soaques, 
at  Point-4  Pitre,  Guadeloupe,  receives  by  water  the  cane  harvest  of  the  entire  coast ;  a 
eanal  bears  the  ships  to  a  railway  that  has  its  terminus  at  the  manufactory.  This 
central  manufactory  is  erected  for  the  working  of  1,000  tons  of  cane  daily,  with  a 
yield  of  100  tons  of  sugar. 

By  the  clarification  and  saturation,  a  great  many  non-saccharine  constituents  are 
removed  from  the  juice  ;  but  others  still  remain,  which  would  hinder  the  crystalli- 
sation of  the  sugar,  especially  in  the  case  of  beet  juice.  To  remove  these,  animal  charcoal 
is  employed.  Animal  charcoal  is  obtained  by  heating  bones  to  redness  out  of  contact 
with  the  air,  and  has  the  property  of  attracting  to  its  surface  and  rendering  insoluble 
most  diverse  substances  contained  in  solution.  Its  power  of  absorbing  colouring 
matter  has  been  long  known  ;  but  it  also  absorbs  various  organic  substances,  such  as 
salts  of  organic  acids,  calcium  citrate,  for  example  (which,  according  to  the  researches 
of  Kunze  and  Reichardt,  is  completely  withdrawn  from  solution  by  filtration  throng 
animal  charcoal),  calcium  succinate,  and  others.  Inorganic  substances  are  also  re- 
moved, such  as  salts  of  the  alkalies  and  alkaline  earths,  calcium  sulphate,  free 
alkalies,  and  caustic  lime  ;  in  fact,  animal  charcoal  effects  transformations  of  the 
most  diverse  kinds.  According  to  Kunze  and  Reichardt,  upon  filtering  solutions  of 
calcium  chloride  through  animal  charcoal,  26  per  cent,  of  the  dissolved  salt  is 
absorbed ;  and  from  a  eolation  of  sodium  citrate  35  per  cent.  But  if  a  solution  cod- 
tiining  both  calcium  chloride  and  sodium  citrate  is  similarly  filtered,  98  per  cent,  of 
the  citric  acid,  65  per  cent,  of  lime,  8  per  cent,  of  the  chlorine,  and  3*4  per  cent,  of 
the  soda,  aro  al»orbed,  so  that  evidently  the  animal  charcoal  decomposes  the  sodinin 
citrate  and  calcium  chloride  into  calcium  citrate  and  sodium  chloride,  the  first  of 
which  is  readily  absorbed,  and  the  second  only  in  small  quantities.  The  absorbing 
power  of  animal  charcoal  for  lime  is  so  great,  that  before  the  process  of  saturatioo 
was  known  the  whole  of  the  lime  was  removed  from  the  juice  by  this  meana.  Of 
course,  as  the  absorbing  capacity  of  the  charcoal  is  limited,  a  very  great  quantity  was 
requisite,  and  hence  it  is  a  great  gain  to  the  manufacturer  that  Uiis  part  of  the  woric 
can  now  be  effected  in  an  easier  and  less  expensive  manner.  Under  all  condition! 
the  amount  of  non-saccharine  matters  is  always  considerably  reduced,  and  the  propor- 
tion of  sugar  is  improved,  by  the  use  of  animal  charcoal. 

The  condition  of  the  chare  ^al  has  a  great  infiuence  upon  the  filtration.  As  it 
absorbs  by  sur&ce  attraction,  that  charcoal  will  be  the  most  effective  which  has  the 
greatest  surfiice,  and  contains  most  pores.  The  best  charcoal  is  propared  from  hard 
bones,  and  is  of  a  dull  black  colour.  Brown  charcoal  which  is  not  burned  euAeisntly 
is  worthless,  and  may  evea  spoil  the  juice.    A  shining  black  sort  of  animal  cfaaz^oal  ii 
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It  bang  ponniB  eaongh,  its  poru  being  doMd  -with  iKjen  of 


•qoAllj  uuerrieMUe,  n 
dotiM  ehaicoal. 

Ponnerlj.  animal  cbaicoal  wu  used  in  the  form  of  s  fine  povdai.  Bat  u  thia  is 
onl;  aeporatod  from  the  JDica  with  difficult;  tad  ion,  it  ia  now  nniTeraall;  lUBd  in 
piecsa  alioiit  the  aize  of  a  bean.  The  jujc«  paaaea  rasil;  through  aach  pieces  of  bone 
black,  and  bacomea  ia  the  process  quite  pnre  sod  clear,  whilst  the  charccol  remains  in 
the  filtering  spparatos. 

The  Altera  of  modern  conatraetjon  are  slwsjs  completely  cloaed.  A  considerable 
number  of  them  are  always  placed  alongside  of  each  other,  and  are  unitMl  bj 
meaaa  of  tabes  in  anch  a  way  that 
thej  are  capable  of  beicg  worked  aepa- 
rstdj  or  together,  the  sap  passing 
thrtmgb  the  first  filler  and  afterwards 
through  the  others,  Filtsra  united  in 
this  way  are  called  a  filtering  batteiy. 

One  of  the  filters  belonging  to  a 
batter;  is  shown  in  fig.  ei8.  Itcoaaists 
of  an  iron  cylinder  (a),  dosed  above 
and  below,  2  feet  ia  diameter,  10  to  16 
feet  high.  Close  to  the  bottom  is  a 
perforated  iron  plate  (b),  covered  with  a 
cloth.  Upon  this  the  charcoal  is  thrown 
in  aach  quanUtiea  that  the  c;IindcT  is 
almost  entirely  filled.  The  manhole 
(h)  Berres  for  admitting  the  charcoal. 
and  a  second  maohols  (p)  is  used  for 
removing  the  charcosl  that  has  become 
exhausts'i.  Both  are  tightly  cIo^imI 
while  the  work  of  filtration  is  going 
on,  by  means  of  screws.  The  Uquid 
to  be  filtered  is  Bdmitt«d  through  a 
perpeiidicalaT  pipe  (a),  which  is  in  con- 
nection with  four  other  pipes  fixed  in  a 
horiioDtA]  positiou  (i  j  ■  i.),  that  run  the 
whole  length  of  the  battery,  Oneofthese 
pipea  is  shown  od  a  larger  scale  by  fig,  6 19. 
If,  for  instanee.ths  first  filter  be  inaction, 
tbs  olgect  being  U>  Rlter  juice  from  the 
pipe  (i).  tils  cocks  (ikl)  are  closed, 
Hiid  the  liquid  will  then  pass  through  (i) 
into  tha  parpradicuUr  pipe  (a),  and 
flow  into  the  filter.  If  the  second  filter 
ii  to  b«  filled  with  the  juice  from  l,  in 
this  ease  the  cocks  nx.  will  be  closed. 
•ad  I.  left  open.  The  juice  being  ad- 
mittsd  from  above,  passes  through  the 


bMlt  upwards  perpendicularly,  and 
eoitdncted  by  it  to  one  of  four  channels 
{m  n  0  p),  which  it  snters  through  a 
funnel,  and  is  carried  off.  By  means  of 
the  cock  at  (a),  the  mica  is  completely 
removed  from  the  cylinder. 

If  two  fllten  are  to  work  together, 
another  arrangement  is  requisite  which  in  now  in 
ID  sneh  case  extends  abovo  tbe  head  of  the  filter, 
of  which  is  shnt  by  a  cock.  One  of  these  sllows 
tbe  juice  to  escape  immediately  into  the  chncneU, 
which  are  now  placed  somewhat  higher  than 
belVire.  and  the  other  iaclines  upward  and  opens 
into  the  perpendicnhiT  pipe  of  the  next  filter, 


perpendi 
thus   the 


first  B 


.    the   e 


^DDd. 


11 n  rfh  1  -m 


umilar  way  tha  second  may  be  united  with  the 

third,  thia  with  the  fourth,  and  the  last  joined 

again  to  the  first.   If  jaice  be  admitted  into  the  first  filter,  the  cock  of  ib 

being  sloaed,  and  the  pipe  opensd  which  connects  the  first  filter  with  On 
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luice  mast  necessarily,  after  it  has  passed  through  the  first,  go  on  to  the  seoond,  and 
be  then  filtered  a  second  time.  Thus,  the  same  juice  could  be  passed  snocessiTelj 
into  all  the  filters,  but  two  filters  worked  together  are  sufficient  In  filling  the  filter, 
the  perforated  bottom,  covered  with  linen  doth,  is  put  in  its  proper  position  through 
the  opening  (f),  end  a  lajer  of  coarse  charcoal  is  spread  evenly  over  it.  The  lower 
manhole  is  then  closed,  and  the  cylinder  filled  about  half  fiill  of  water  by  opening 
the  cock  (l).  The  object  of  the  water  is,  that  the  charcoal  introduced  at  the  upper 
manhole  may  be  disposed  in  regular  and  uniform  layers.  The  cylinder  is  then  filled 
up  to  the  point  o  with  charcoal,  when  the  manhole  (h)  is  closed,  an  air  cock  situated 
at  the  top  of  the  vertical  pipe  (b')  is  opened,  and  the  water  is  allowed  to  flow  away  bv 
opening  the  cock  (b).  The  air  cock  is  then  closed,  and  the  steam  cock  (k)  is  c^MUiea. 
The  water  is  thus  driven  off  and  the  whole  filter  warmed.  Steam  is  allowed  to  enter 
until  it  ceases  to  condense,  and  escapes  in  large  quantities  at  b.  b  and  k  are  now 
closed  and  j  opened.  This  admits  the  thick  juice  which  at  once  drives  out  the  water 
remaining  in  the  pores  of  the  charcoal  through  the  pipe  d  ;  after  which  the  pure  juice 
itself  fiows  away. 

If  the  filter  has  just  been  filled  with  the  charcoal,  the  first  juice  which  escapes  is 
sufficiently  pure,  and  is  conducted  through  d  at  once  into  the  channel  intended  for  it. 
Aft^r  a  time  the  juice  is  no  longer  si&ciently  pure  and  colourless.  The  escape  is 
then  cut  off  and  the  juice  is  (Carried  to  a  second  filter,  which  has  in  the  meantime  oeen 
freshlv  filled. 

When  juice  of  the  requisite  purity  is  no  longer  yielded  by  this  second  filter,  the 
first  filter  is  not  used  for  the  thick  juice.  The  cock  at  j  is  now  dosed,  and  the  one 
at  I  opened,  through  which  thin  sap  is  admitted.  This  is  first  allowed  only  to  flow 
through  the  first  filter,  while  the  second  still  receives  thick  juice  for  a  while  through 
its  perpendicular  pipe.  If  the  thin  juice  is  not  rendered  colourless  by  one  filtration, 
then  the  thick  juice  is  shut  off  from  the  second  filter,  and  the  thin  juice  is  passed  over 
from  the  first  into  the  second. 

In  this  way  the  absorbing  power  of  the  charcoal  is  exhausted  as  much  as  possible. 
The  thick  juice  being  much  purer  than  the  thin,  gives  up  comparatively  little  to  the 
charcoal,  which  therefore  does  not  become  greatly  saturated  with  impurity,  and  is  still 
able  to  remove  a  considerable  quantity  from  the  thin  juice. 

When  the  charcoal  becomes  so  greatly  vitiated  by  Uie  thin  juice  that  it  is  no  longer 
effective,  the  water  cock  is  opened  and  water  is  permitted  to  flow  in  until  all  the  thin 
juice  still  remaining  with  the  charcoal  is  driven  over  through  the  connecting  pipe 
into  the  second  cylinder.  The  water  is  then  run  off  through  the  cock  (s),  the  chara)al 
is  removed  through  the  manhole  (f)  and  the  filter  freshly  filled. 

During  the  filtration  the  filter  is  kept  constantly  filled  with  the  juice,  which  is 
effected  by  regulating  the  height  of  the  escape  pipe  (c  d).  Care  is  also  taken  to  keep 
the  juice  as  hot  as  possible  while  in  the  filter,  as  the  action  of  the  charcoal  is  greatly 
promoted  by  heat.  A  current  of  steam  is  therefore  directed  through  the  filter 
immediately  after  it  has  been  filled  with  fresh  charcoal,  whilst  the  juice  is  brought 
hot  to  the  filter  without  any  delay  after  the  process  of  clarification  by  saturation. 
To  prevent  cooling  during  the  filtration,  the  cylinder  is  placed  in  a  warm  situation, 
and  sometimes  is  surrounded  by  bad  conductors  of  heat. 

Revwification  of  the  Animal  Charcoal. — The  animal  charcoal,  aft»r  becoming  clogged 
up,  is  not  worthless,  but  can  be  used  again  and  again  after  the  absorbed  substances 
have  been  removed  from  it.  This  process  of  removing  the  absorbed  substances  is 
called  revivification.  The  animal  charcoal  is  taken  from  the  cylinder  and  thrown 
into  large  vats,  where  it  is  fiooded  with  water,  to  which  a  small  quantity  of  hydro- 
chloric acid  has  been  added.  The  hydrochloric  add  dissolves  the  lime  which  has 
been  absorbed ;  but  an  excess  of  add  must  be  avoided,  since  this  would  dissolve  the 
calcium  phosphate  to  which  the  charcoal  owes  its  density,  and  the  charcoal  would  be 
iigured.  An  active  fermentation  commences  which  destroys  the  organic  substances 
and  renders  others  soluble.  When  the  fermentation  ceases  the  water  is  run  off,  and 
the  charcoal  washed  with  fr^h  water.  It  is  then  dried  and  heated  to  redness,  when 
it  is  again  ready  for  use. 

Evaporation  of  the  Juice. — The  juice  as  it  fiows  from  the  filter  is  not  more  con* 
centrated  than  when  it  comes  from  the  crusher ;  for  although  in  the  pit)ces8e8  of 
clarification  and  saturation  it  is  heated,  yet  the  amount  of  concentration  is  not  worth 
mentioning,  because  in  the  lime  clarification,  at  least  as  much  water  is  added  as  is 
removed  by  evaporation,  and  the  further  evaporation  during  the  process  of  saturation 
is  counterbalanced  by  the  water  used  in  washing  and  deaning  t^e  filter.  It  may  be 
assumed  that  the  juice  when  ready  for  evaporation  marks  on  an  average  7°  or  8^  on  the 
scale  of  the  saccharometer,  and  that  the  liquor  has  to  be  reduced  by  evaporation  to  one- 
fifteenth  or  one-sixteenth  of  its  volume  to  effect  the  crystallisation  of  ue  sugar. 

The  evaporation  consists  of  two  operations.  In  the  first  the  th  i  n  j  u ice  ]«  bcovght 
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to  a  ipa^c  gi%j\tjld  aboot  I'iM.  This  pnK«a  jielili  thick  juice,  and  may  be 
dawgii»tedtb«eTapar«tion.  The  thick Joice  iginbjectsdtouiouiaropentioiicalled 
boiling  bjwbioh  it  ubmught  to  ths  point  of  cTjatalliwtJaD.   < 

The  eraporatjaii  maj  be  performed  by — 

(1.)  Henting  dinctlj  orer  a  fire. 

(2.J  EeatJDg  bj  nieani  of  aleim. 

(8.)  Heating  by  mean*  of  atfam  in  a.  partial  rocuum. 

The  fint  method  m&y  be  regarded  as  obiolete.  as  it  is  not  now  employsd  in  |pod 
■agar  &ctorieg.  The  dieadvaiitagea  are  the  fi^oving  :  the  jnira  ia  eipoaed  to  JDJonOU* 
diangM ;  it  reqnirea  the  atmoet  attentiao  to  prevBct  the  juice  bxiiD  bnming,  and 
ImUt  thecoDBtBDt  action  of  tJifl  air  cauwa  a  coloration  of  thejiuce. 

To  aToid  these  disadTantogts,  heatdng  by  steam  hoa  taken  the  place  of  heaUng 
dinctly  by  fire.    The  apparatus  nsed  is  Tarions.   Pecquenr'g  appwatne  (flg.  620)  con- 

■iaU  of  an  eraporation  pan  (*),  

mode  of  sheet  copper,  and  baring 

the   form  of  a  long    horseshoe.   ^ 

The  bottom  ia  Sat  uid  the  iidee 

•M  Tertieal.    It  is  snpported  by 

iioD  feet  (dk).    At  one  end  nre 

jnTOts  vhich  ran  be  turned  upon 

two  beds  in  the  foot  (b),  and  a 

pmanre  upon  the  bar  (b)  ia  saffi- 

dent  to  nve  an  inclined  poeitiori 

to  the  whote  pan,  aa  ia  indicated 

l^  the  dotted  lines.     Tho  object 

of  this  taming  arrangement  is 

that  the  pan  may  be  more  easily 

emptied.    When  the  pioceas  of  eraporation  ia  flniahed,  the  juice  ia  mn  off  through 

the  cock  (c),  which  U^es  place  readily  with  the  pan  in  a  level  condition  when  it  — 

tains  a  qnanlity  of  juice,  but  for  tie  yiirposo  of  remoTing  the  bottom  portioi 

inclined  position  isgiyen.    Heat  is  applied  by  means  of  ail  tnbca  ii 

faoneahoe,  all  united  togediec  ^flg.   S2t). 

These  six  tubes  lie  in  a  horieontal  plane, 

and  their  enda  are  &itened  to  two  aup- 

porting  pipes  which  do  not  directly  com 

municate  with  each  other.    The  atean 

is  admittsd  at  a  directly  into  one  of  tbe    i 

supporting  pipaa,  and  paaaea  through  ■■■ 

wbi^e  leneth  of  the  sii  tubea,  and 

the  second  supporter,  from  vhich  it  ea< 

capes  into  a  collector,  the  object  of  which 

is  to  remove  the  coodeneed  watM  aa  well 

ss  sustain  tlie  tensian  of  tlie  steam.  The  a 

ends   of   the   pipe  supporter  (b)   pass  p      .„, 

through  the  piTOta  upon  which  the  appa- 

IBtos  ia  tnmed,  and  these  pirota  thus  serre  na  stuffing  boxes  for  the  pipe  sopportett. 

The  heating  tuba  can  be  easily  remoTed  tivm  the  floor  of  the  pan  aud  every  port  of 

them  reached,  so  that  they  can  be  ft«]uently  washed.    This  is  a  very  necessary  opera- 

tion,  AS  in  the  proceaa  of  evaporatiou  of  the  thin  sap  a  part  ef  the  impurity  contained 

in  it — lime  salts,  for  example — is  deposited  upon  the  bottom  of  the  pan  and  on  tbe 

•nr&ce  of  the  tubes,  forming  ii  layer  which  hinders  the  passage  of  the  heat  and  impain 

th*  process  of  eTHporalion.     To  cleaji  the  apparatus,  very  dilute  hydrochloric  acid  is 

poured  upon  the  bottom  until  this,  as  well  oa  tbe  coating  upon  the  tubes,  ia  covered. 

After  the  acid  has  acted  a  short  time,  it  is  run  off.    The  tubes  are  then  raised  into  a 

psrpendicidar  position  and  all  dirt  removed  with  hruehsa,  etc 

The  rapidity  with  which  the  evaporation  of  the  juice  goes  on  depends  upon  the 
difihrenoB  between  its  boiling  point  and  the  temperature  of  the  heating  surfece. 
Therefbre  stesm  of  very  high  tension  is  used  (about  five  atmoapherea),  which  brings 
tba  temperature  of  the  tubes  np  to  1^2°  G.  Thia  great  heat  is  of  no  disadvantage 
uncmuse  tbe  juice  cannot  be  heated  above  its  boiling  point  as  long  as  it  surroniida  the 
•taun  pipra  on  all  sides.  The  pan  must  therefore  be  kept  filled  dnriDg  the  process  of 
•vsporation,  or  at  any  rate,  the  level  of  the  liquid  must  not  be  allowed  to  sink  so  that 
■aj  part  of  the  pipes  is  left  uncovered,  for  in  such  case  the  juice  at  that  point  would 
ba  burned. 

Steam  of  a  tsnaion  <a  6  BUaospfaeres  eflbcta  the  evapomtioD  of  about  120  lb*,  of 
vatarpsr  hour  tima  ersiy  10  square  bet  of  heating  surface. 

Another  very  suitable  apparatus  for  the  evaporation  of  juice  is  that  which  was 
IntroduMd  by  CUm  de  Lembeck  of  BrasMl*.    It  consista  nssnntisllj  of  a  tome- 
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what  coined  cylinder  about  16  feet  in  height.  The  jacket  is  filled  with  steam 
under  a  pressure  of  4  or  5  atmospheres.  The  whole  surface  of  the  cylinder  inside  as 
well  as  out  is  kept  constantly  covered  with  a  thin  layer  of  the  juice  to  be  evaporated. 
The  juice  is  supplied  from  a  reservoir  above,  and  as  it  flows  over  the  heated  surfaces 
of  the  cylinder  it  is  rapidly  evaporated. 

The  danger  of  overheating  the  Juice  is  even  greater  with  this  apparatuB  than  with 
Peoqueur's  pan,  and  consequently  it  is  little  used. 

A  third  method  of  efifecting  the  evaporation  by  steam  heat  is  to  connect  the  vessel 
in  which  the  thick  juice  is  boiled  with  a  serpentine  pipe  communicating  at  the  other 
end  with  an  air  pump,  and  in  this  way  to  boil  down  the  thick  juice  under  reduced 
barometric  pressure,  at  the  same  time  making  the  thin  juice  flow  over  the  sur&oe 
of  the  serpentine  pipe,  heated  by  the  steam  given  off  by  the  thick  juice. 

It  is  evident  that  such  a  method  of  evaporation  must  be  very  imperfect  The 
quantity  of  the  thick  juice  boiled  down  bears  no  sort  of  relation  to  the  thin  juice  to 
be  evaporated  by  the  steam  it  furnishes.  Further,  in  consequence  of  the  rare&ction, 
this  steam  enters  the  heating  pipes  at  a  temperature  much  below  the  boiling  point 
of  the  juice.  The  arrangement  may  serve  the  purpose  of  condensing  the  steam, 
but  can  never  effect  the  required  concentration  of  tne  juice,  which  must  be  completed 
in  a  boiling  apparatus  specially  designed  for  this  purpose.  This  apparatus  may  be 
profitably  employed  for  the  purpose  of  warming  the  juice,  or  for  economising  the 
water  used  in  condensation  in  places  where  fuel  is  expensive  or  where  water  is  scarce, 
as,  for  example,  in  the  sugar  cane  plantations.  But  in  the  manufacture  of  beet  sugar 
it  is  never  used.  This  apparatus  has  the  further  disadvantage,  in  common  with  the 
Lembeck  apparatus,  that  the  juice  is  exposed  to  the  air  in  thin  layers,  and  is  thus 
acted  upon  by  the  air,  which  always  damages  it  by  producing  colour. 

In  all  the  better  factories  these  forms  of  apparatus  have  been  abandoned  and  the 
juice  is  evaporated  in  vacuo.  The  apparatus  for  this  purpose  was  first  introduced 
in  the  manufacture  of  sugar  in  America  bv  Rillieux.  It  was  then  brought  into  the 
German  factories  at  Magdeburg  by  Tischbein.  It  was  afterwards  essentially  im- 
proved by  Robert  of  Selowitz.  Many  changes  in  the  apparatus  have  since  taken 
place,  but  these  affect  only  the  details.  The  general  principles  upon  which  its  con- 
struction rests  have  not  been  changed. 

The  arrangement  of  the  apparatus  depends  essentially  upon  the  following  prin- 
ciples : — 

The  evaporation  of  water  from  a  liquid  is  rapid  in  proportion  to  the  difference 
between  the  boiling  point  of  the  liquid  and  the  temperature  of  the  heating  surfiice. 

Steam  of  a  low  temperature  may  cause  rapid  evaporation  of  a  liquid  if  the  boiling 
point  of  the  liquid  is  below  the  temperature  of  the  steam. 

The  boiling  point  of  any  liquid  depends  upon  the  pressure  to  which  it  is  subjected. 
By  diminishing  the  pressure,  the  boiling  point  of  a  liquid  may  be  lowered. 

The  steam  £rom  any  liquid  has  the  same  temperature  as  the  liquid  in  which  it  was 
generated. 

By  increasing  the  heating  surface  the  same  result  may  be  obtained  with  steam  of 
a  low  temperature  as  with  steam  of  a  high  temperature  and  less  heating  surface. 

If,  fgr  instance,  in  a  Pecqueur's  pan  there  were,  instead  of  six,  as  many  as  eighteen 
to  twenty-four  pipes  of  the  same  size,  it  would  not  be  necessary  to  use  steam  at  150^ 
to  evaporate  the  amount  of  water  indicated ;  the  same  result  would  be  obtained  by 
the  use  of  steam  of  a  much  lower  temperature.  Instead  of  steam  with  a  pressure  of 
five  atmospheres,  the  work  might  be  done  by  steam  under  a  pressure  of  one  and  a  half 
atmospheres  at  a  temperature  of  112*^.  Such  steam  is  constantly  at  disposal  in  great 
quantities  in  a  sugar  fiictory.  The  steam  that  has  already  been  used  for  driving  the 
machinery,  instead  of  being  allowed  to  escape  into  the  air,  can  be  led  into  a  steam 
collector  without  materially  interfering  with  the  steam  engine.  The  steam,  too,  which 
escapes  from  the  jacket  of  the  clarifying  pan,  and  that  which  has  been  used  to  heat  the 
liquid  in  the  saturation  vat,  may  also  be  led  into  a  common  collector,  and  after  having 
been  used  for  their  special  work,  can  still  be  used  for  the  purpose  of  evaporating  thin 
juice  contained  in  an  apparatus  having  a  large  heating  surface. 

Again,  if  the  pan  of  Pecqueur  were  traneformed  into  a  large  closed  vessel,  and  the 
steam  generated  in  it,  which  would  have  the  temperature  of  the  boiling  juice,  or 
about  100°,  were  to  be  conducted  into  the  extended  pipe  system  of  a  second  Pecqueur 
pan,  also  closed,  and  from  which  air  and  steam  were  exhausted  by  an  air  pump  and 
a  condensing  arrangement,  such  a  diminution  of  pressure  could  be  attained  thf^  the 
juice  in  this  pan  would  boil  at  85°.  There  would  thus  be  a  difference  of  16°  between 
the  boiling  point  and  the  temperature  of  the  heating  surface,  which  would  be  quite 
sufficient  to  effect  active  evaporation. 

Further,  this  second  pan  might  in  the  same  way  be  connected  with  a  third,  in 
which  the  boiling  point  of  the  juice  through  exhaustion  of  the  air  could  be  redueed  to 
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70^.    The  steam  formed  in  the  second  pan  could  then  be  used  for  the  evaporation  of 
the  juice  in  the  third  pan. 

Instead  of  the  shape  of  the  Pecqueur's  pan,  Rillieux  adopted  the  form  of  the 
tabular  boiler,  conducting  the  waste  steam  from  the  manufactory  through  the  tubes, 
and  filling  the  boiler  with  the  juice  to  be  evaporated.  The  steam  thus  generated  was  led 
into  the  heating  pipes  of  the  second  vessel,  and  from  those  into  the  pipes  of  the  third 
Teasel;  after  pa«>sing  this  it  was  completely  condensed  by  contact  with  cold  water.  At* 
the  same  time  the  second  and  third  vessels  were  partially  exhausted  by  an  air 
pump.  Robert's  modification  consists  in  the  pipes  not  being  used  for  the  reception 
of  the  steam,  but  for  the  fiuid  to  be  evaporated,  the  space  between  the  pipes  being 
filled  with  steam.  Robert  also  abandonea  the  horizontal  position  of  the  pipes,  and 
placed  them  in  a  vertical  position.  This  arrangement  of  Robert's  has  many  advan- 
tages, although  after  all  these  alterations  there  is  a  tendency  to  return  to  the  original 
machinery  introduced  by  Rillieux  and  Tischbein. 

In  practice  it  has  been  found  that  there  is  some  difficulty  in  carrying  on  the  work 
with  three  vessels.  Generally,  therefore,  only  two  are  united  together,  or  the  three 
yessels  are  so  arranged  that  either  of  them  can,  at  will,  be  shut  off  from  the  others. 
In  case  there  is  an  insufficiency  of  waste  steam,  arrangements  are  introduced  to  make 
use  of  direct  steam. 

The  three  evaporation  vessels  are  technically  known  as  the  three  bodies  of  the 
apparatus. 

The  evaporation  in  each  of  the  bodies  is  regulated  by  bringing  the  juice  in  the  first 
body  to  20^  of  the  saccharometer,  in  the  second  to  30°,  nnd  in  the  third  to  60°. 

In  1000  parts  of  thin  juice  at  S°  there  will  be  80  parts  of  solid  constituents, 
sugar,  etc.,  and  920  of  water.  This  is  evaporated  to  20°  in  the  first  body,  and  then 
contains  80  parts  of  sugar  and  only  320  parts  of  water ;  so  that  in  the  first  body 
920  —  820  =  600  parts  of  water  are  evaporated.  This  juice  of  20°  is  evaporated  in  the 
second  body  to  30°  and  then  contains  80  parts  of  sugar,  etc.,  and  187  parts  of  water ; 
consequently  in  the  second  body  320  — 187  =  133  parts  of  water  are  evaporated  by  means 
of  the  600  parts  of  steam  from  the  first  body.  Lastly,  in  the  third  body  the  juice  is 
brought  to  50°,  and  then  contains  80  parts  of  sugar  and  80  parts  of  water ;  so  that  in 
order  to  attain  this  degree  of  concentration  187  — 80  =  107  parts  of  water  are  evapor- 
ated by  means  of  the  steam  from  the  second  body. 

Gonsequentlyi  in  the  first  body,  600  parts  of  water  are  evaporated. 

„    second   „      133         „        „        „        „ 
„      third    „     107        „        „        „        „ 


In  all  840  parts  of  water. 

There  remain  160  parts  of  thick  juice  of  50°  to  be  subjected  to  further  processes. 
The  progress  of  the  evaporation  is  ascertained  by  removing  a  small  portion  of  the 
boiling  liquid  as  a  test,  either  by  means  of  a  gauge,  after  shutting  off  the  communica- 
tion between  it  and  the  inner  space,  or  by  means  of  a  small  apparatus,  consisting 
of  a  glass  tube  connected  with  the  vacuum  chamber  and  fitted  wiui  cocks,  so  that  a 
quantity  of  the  juice  can  be  drawn  out  as  required,  without  disarranging  the  action  of 
the  pan. 

Daring  the  evaporation,  the  non-saccharine  constituents  which  were  not  removed 
hj  the  first  filtration  are  concentrated  in  the  juice.    A  portion  of  them  is  precipitated 
in  an  insoluble  form,  in  the  body,  covering  the  boiling  tubes  and  the  surface  of  the 
juice  chambers  with  an  incrustation  of  calcium  compounds,  especially  calcium  oxalate 
and  lime  soaps,  the  latter  being  formed  by  the  action  of  dissolved  lime  upon  the  fat 
^ded.     In    course  of  time   these  incrustations   impede   the   evaporation,    as    the 
heat  from  the  steam  no  longer  passes  so  readily  through  the  walls  of  the  tubes. 
JSence,  from  time  to  time,  a  thorough  cleaning  of  the  apparatus  is  necessary.    For 
tbia   purpose  all  the  bodies  are  filled  with  water  to  which  some  hydrochloric  acid 
liaa  been  added  for  the  purpose  of  dissolving  the  lime  salts;  this  is  allowed  to  remain 
mome  time,  the  manholes  being  open.    Lastly,  the  acidulated  water  is  run  off  below, 
tJie  apparatus  steamed  out,  and  after  every  tube  has  been  scoured  out  with  suitable 
^linarical  brushes,  the  apparatus  is  again  rinsed  out  with  water.     As  the  hydro- 
chloric add  employed,  as  well  as  the  acids  liberated  from  the  lime  salts,  attack  the 
Ixon*  the  apparatus  should  not  be  subjected  to  the  action  of  acid  longer  than  is  abso- 
lutely necessary.    Further,  through  the  action  of  the  acids  upon  the  iron,  hydrogen 
%B  liberated,  which,  mixing  with  the  air,  forms  a  very  explosive  compound.     Hence, 
tyie  apparatus  should  be  allowed  to  stand  for  sometime  after  the  acidulated  water  has 
^>eeD  removed,  or  what  is  still  bettor,  it  should  be  thoroughly  steamed  out  before  ap- 
^^foeehing  it  with  a  naked  light.     Otto  records  an  instance  of  a  great  disaster  which 
*  in  a  fiictory  from  neglect  of  this  precaution. 
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In  order  to  remove  the  impnrities  still  remaining  in  the  thick  juice,  it  is  again 
filtered  through  animal  charcoal.  It  has  already  been  mentioned  that  the  freehlj 
filled  filters  are  always  used  at  first  for  the  thick  juice.  This  is  done  as  long  as  the 
filter  has  sufficient  power  of  deoolorisation.  The  filtered  thick  juice  should  be  quite 
clear,  and  almost  colourless. 

Boiling  down  the  Thick  Juice. — In  the  operations  previously  described,  the  oljeet 
has  been,  besides  the  concentration  of  the  juice,  the  removal  of  foreign  cdements  by 
the  action  of  lime,  carbonic  acid,  and  animal  charcoal,  and  consequently  to  attain  a 
better  proportion  of  sugajr  to  non-saccharine  matters.  It  is  not  possible  to  improve 
this  proportion  any  further,  and  the  next  step  is  to  obtain  the  sugar  dissolved  in  the 
juice,  which  after  the  second  filtration  is  designated  t^hnically  clear  liquor,  in  the 
solid  form.  It  is  therefore  brought  to  crystallisation,  so  that  the  ciystalUsable  susar 
may  be  separated  from  the  non-crystallisable  or  difficultly  ciystallisable  bodies  which 
remain  in  the  mother  liquor  or  treacle. 

The  following  pointa  are  of  importance  to  be  noted : — 

1.  Cane  sugar  requires  for  its  solution  a  certain  amount  of  water. 

2.  A  solution  which  contains  sugar  and  water  in  such  proportions  that  it  will  dis 
solve  no  more  sugar  is  called  a  saturated  solution. 

3.  A  dilute  solution  is  converted  into  a  saturated  solution  by  evaporation. 

4.  A  saturated  solution,  if  further  concentrated,  must  deposit  sugar,  and  this 
deposition  takes  place  in  the  crystalline  form  as  long  as  any  solution  remains. 

5.  A  solution  which  is  saturated  at  a  low  temperature  will  still  dissolve  sugar  if 
)he  temperature  be  raised. 

6.  A  boiling  saturated  solution  upon  a  lowering  of  the  temperature  deposits  a 
corresponding  portion  of  its  sugar,  the  result  being  a  saturated  solution  corresponding 
to  the  temperature.  If  water  be  removed  from  this  by  evaporation,  it  yielchi  when 
cooling  a  second  crystallisation  of  sugar,  and  the  mother  liquor  will  yield  upon  f^irther 
concentration  a  third  crystallisation. 

7.  A  saturated  solution  of  sugar  is  still  capable  of  dissolving  other  non-saocharine 
substances. 

8.  A  boiling  saturated  solution  containing  non-saccharine  matters  will  yield  upon 
cooling  almost  pure  crystals  of  sugar,  while  the  non-saccharine  bodies  in  the  mother 
liquor  and  syrup  become  concentrated. 

9.  The  non-saccharine  matters  impede  the  crystallisation  of  sugar. 

10.  When  the  amount  of  non-saccharine  matter  in  a  solution  exceeds  a  certain 
quantity,  such  a  liquid,  although  rich  in  sugar,  will  no  longer  crystallise,  even  if  very 
greatly  concentrated. 

11.  Saturated  solutions  of  sugar  boil  under  ordinary  atmospheric  pressure,  at 
116®-120° ;  tmder  reduced  pressure,  the  boiling  point  may  be  reduced  to  60®-60**. 

12.  Concentrated  solutions  of  sugar  undergo  change  during  protracted  boiling  in 
contact  with  air.  They  assume  a  colour  varying  from  yellow  to  dark  brown,  part  of 
the  sugar  being  decomposed,  and  rendered  uncrystaUisable.  If  the  boiling  take 
place  at  a  temperature  ot  50^-60°  these  changes  do  not  occur. 

The  method  of  boiling  the  thick  juice  or  clear  liquor  is  essentially  as  follows :  The 
juice  on  coming  from  the  filter  is  evaporated  in  vacuo  at  the  lowest  possible  tempers- 
ture.  The  operation  is  carried  on  as  rapidly  as  possible,  until  such  a  degree  of  con- 
centration is  reached  that  crystals  form  upon  cooling  (clear  boiling),  or  while  the 
liquid  is  hot  (boiling  to  granulation).  The  crystals  obtained  in  either  wayare 
removed  from  the  mother  liquor  or  syrup,  and  freed  as  completely  as  possible  from 
adhering  syrup.  This  crystallisation  is  called  the  first  product.  The  syrap 
from  this  is  flirther  concentrated  by  clear  boiling,  and  yields  a  second  crop  of  crystal^ 
upon  cooling.  This  second  product  is  never  so  pure  as  the  first;  it  is  more  coloured, 
and  contains  more  foreign  constituents;  but  the  proportion  of  sugar  to  other  sub- 
stances is  always  more  favourable  than  in  the  thick  luice  before  the  first  crystallisation. 
The  syrup  from  the  second  product  upon  being  further  evaporated  yields  a  crystallisa- 
tion of  the  third  product.  From  the  syrup  of  this  thiixi  product  a  fourth  crystal- 
lisation may  be  obtained  if  the  beets  have  been  of  a  good  quality,  and  the  juice  has 
been  well  clarified  in  the  difierent  processes ;  otherwise  the  syrup  will  no  longer  yield 
crystals,  and  is  now  called  molasses. 

The  first  product  is  always  a  marketable  article.  The  following  crystallisations 
together  with  the  after  product  go  to  the  refinery,  where  each  is  subjected  to  further 
processes  according  to  its  quality. 

If  the  second  product  is  uncoloured  and  the  crystals  are  well  fbrmed,  thegrain 
being  sharp,  it  is  often  mixed  with  the  first  product.  If  the  quality,  however,  is  in- 
ferior, it  would  find  a  somewhat  lower  price  in  the  market,  as  would  also  the  sub- 
sequent products.    In  many  cases,  however,  it  is  more  profitable  to  convert,  the  aftsr 


TACDUM  PAKS. 


ate 


odneta  into  flnt  pradact,  and  leave  only  >  aaaU  qosntitj  of  ttlm  product.  In  tb« 
MDd  pTodnct,  aa  befora  neDttonsd,  the  proportioD  of  lugax  to  nou'weeliariiie  nucan 
ftlir>7i  bettor  thsD  in  (he  thick  jaJce,  By  the  sepamtioD  of  the  lyrap  from  the 
tsr  produeU,  which  can  bs  eaeilj  effected  iritb  (he  improTed  mschiner;  of  the 
etonee,  a  eimiKi  ptoportioo  between  the  lugar  and  aoD-MccbariDe  matters  is  at- 
iiied  in  them.  Tons,  if  snch  after  piodocU  be  dlssolTed  in  the  thick  juice,  Dot  only 
iU  qoAlIt;  not  impaired,  but  it  ie  even  improved,  becanae  the  nlation  of  (he  con- 
itwinti  of  the  thick  jaiee  U  improvBd,  and  more  of  the  flnt  prodnct  can  be  obtained 
om  a  etmilar  uDumnt  of  the  thick  juice,  and  almost  all  the  after  products  can  be 
oTeited  inlj)  the  more  vaioHiblD  article. 

This  operation  ie  called  the  incorporation.  In  carrjing  it  ont  the  juice  is  not 
'spented  Co  the  degree  of  coDcentiation  givaD  above,  but  is  removed  earlier. 
DOngb  after  product  is  then  diaeolved  in  the  juice  te  make  the  solution  indicale 
1°  on  the  saccharometer,  and  it  is  then  aubJecCed  to  the  seoond  filtration.  The  char- 
nl  b;  thia  method  removes  non-saccbariiie  matters  not  only  bom  the  juice,  but  also 
con  ue  added  after  products,  and  the  effect  ia  a  more  complete  clariflcation. 

The  boiling  apparatus  used  in  the  opwation  is  eeeeDtially  the  same  as  the  last 
idy  of  the  RUlieux  apparatus  for  evaporation  ;  but  as  the  amount  of  the  dear  liquor 
be  reduced  by  boilinf;  ie  alwaja  much  leae  than  that  of  the  thin  jnice,  the  apparatus 
not  so  large,  and  instead  of  being  cylindrical,  it  is  either  round,  or  the  npper  part 
■^erical  and  the  lover  part  flat. 

Howard'e  evaporating  pan,  as  repreeented  by  fle.  622,  conajute  of  a  copper  pan 
I  b),  fitted  with  a  jacket  (a  a)  and  a  dome  <c  c).  Intemallf  is  fitted  a  coil  of  pipes 
'  o  d)  through  which  ateam  can  be  paaeed,  entering  through  the  valve  (r),  traversing 
«  capper  coil  (p),  and  filling  the  steam  jacket.    To  the  top  of  the  dome  ie  fltted  a 


m  chest  (b).  connected  bjr  means  of  a  pipe  (n)  with  the  receiver  (n),  in 

hieh*nvpartideaofthejaice  carried  over  by  tbe  steam  arecolleeUd.  The  vaponr 
nn  off  IS  condensed  by  jets  of  cold  water,  and  by  means  of  a  powerful  air  pump  a 
jneed  buometrie  pressure  is  maintained  within  the  pan  during  the  whole  operation. 
be  liqnor  to  be  eraponited  is  supplied  from  the  meamre  dstem  (l),  ihtongh  the  tap 
).     £i  Uwdomeof  die  pan  are  fitted  a  thermometer  (i),  a  vacuum  gauge  (z),  and  an 
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ftppamtus  called  a  proof  stick  (b),  bj  msuu  of  which  ft  Bsmple  of  the  contenta  may 
bp  Mimored  wilhont  allowing  air  to  enWr.  When  the  operation  is  eomplettd,  the  con- 
tents of  tho  pao  Hce  let  ont  throngh  the  dischargs  cock  (p). 

A  modified  eoMtrnction  of  the  vacnum  pen  ia  repreaented  by  flgs.  623  and  624. 
The  fonn  here  used  id  that  of  a  ahort  rertitil  cylindor,  thf  bottom  as  -well  aa  ths  top 


Fio.  623. 


Fig.  ti2*. 


being  arched.  The  heating  is  not  effectod  bjr  measa  of  a  jacket,  bnt  through  thleo  B[nnl 
ppes  inside  the  Teasel,  each  coil  being  connected  at  one  end  with  the  steam  boiler  and 
at  the  other  end  with  a  vessel  into  which  the  coadeneed  steam  nina  off. 

The  operation  oi  boiling  differa  somewhat  according  as  the  juice  is  to  be  merel; 
concentntdd  or  boiled  to  granulation.  The  first  mcrtiiod,  boiling  blank,  is  practicable 
with  all  kinds  of  juice  witliout  eiception,  the  second  only  with  Terj  pure  juice. 

For  thsblank  boiling  the  valve  io  connection  with  the  juice  reservoir  ia  opened,  and 
tho  air  pump  being  set  in  operation  Che  juice  is  drawn  in  ;  when  the  appamtosis  two- 
thirds  ftUl  the  valve  is  closed.  The  condition  of  the  liquid  can  alwuys  be  observed 
through  glasses  fixed  to  the  side.  Steam  being  introduced,  and  the  flow  of  watar  to 
the  condenser  and  the  action  of  the  ur  pimip  increased,  the  juice  booq  begiiis  to  bcul 
atkd  evaporates  very  rapidly.  From  time  to  time  fresh  juice  is  iotrodnced  in  orderto 
keep  the  apparatus  as  full  as  possible,  so  that  at  last,  Dotwithstaoding  the  diminuttoB 
of  volume  caused  by  evaporation,  the  entire  apparatus  becomes  SUad  with  finished 
jnice.  The  juif^e  being  dow  too  thick  to  permit  the  use  of  the  saccharometer,  to 
ascertain  the  finish  of  the  boiling,  what  is  colled  the  thread  orBtringtest  is  used. 
This  is  done  by  tryini;  a,  drop  of  the  juice  between  tlia  thumb  and  fingers ;  the  corrHt 
■       '  "  '    rpoched  when  the  liquor  is  so  visoons  that  it  forms  a  thread,  whidi 


breaks  npon  the  separation  of  the  thumb  and  finger  tc 


3  thread  is  ibrmed  ; 


□,  the  thread  stretches  ti 


longer  disiance. 

For  taking  ont  some  of  the  jnice  to  test  the  apparatus  cannot  be  opened,  as  this 
would  destroy  the  vacuum,  neither  can  it  be  obtained  through  a  tap,  which  would 
admit  air  but  would  not  give  passage  to  any  jnice,  A  special  impieDiBnt.  called  ths 
proof  stick,  is  therefore  used.  It  consists  of  a  bronze  tube,  mnning  obltqaely  dowi- 
waids,  BO  that  the  lower  end  reaches  almost  the  middle  of  the  boiling  space,  lAilit 
the  other  end  opens  on  the  upper  side  of  the  pan.  The  tube  is  closed  at  its  lower  end, 
but  has  in  its  side  a  circakr  opening  i  in.  in  diameter.  Within  the  tube  is  a  eapsnlt 
that  can  be  rotated,  which  is  closed  bslow,  open  above,  and  has  in  ita  side  a  similar 
circular  opening.  When  thecapsnlpis  tuned  bo  that  its  opening  corresponds  with 
that  of  the  tub«  it  is  in  communication  with  the  interior  of  the  appoiatos  ;  in  sny 
other  position  all  communication  is  cut  off.  so  that  air  cannot  penetrate  in  this  way. 
Id  order  to  take  a  proot  a  solid  piston  having  a  cavity  corresponding  with  opaniDgi 
in  the  tube  and  capsule  is  thrust  into  the  capsule  and  turned,  so  that  its  cavity  old 
the  openings  in  the  capsule  and  tube  are  in  acooid  ;  a  small  quantity  of  jnicn  flon 
into  the  cavity,  the  piston  and  capsule  are  turned  so  as  to  shut  off  the  commonioitini, 
and  the  piston  is  withdrawn  containing  the  jnice  for  testing.  As  soon  as  the  strifg 
test  shows  the  boiling  to  be  finished,  ths  action  of  the  air  pump  and  oond 
stopped,  air  is  admitted  by  opening  the  air  oock.  the  steam  is  shut  off.  the 
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Ryrup  is  then  run  off  through  the  out-flow  valve,  and  the  apparatus  is  ready  for  a 
fresh  operation. 

During  the  boiling  of  the  juice  certain  contingencies  may  arise  that  exert  an 
injurious  influence  on  the  operation.  With  inferior  or  imperfectly  clarified  juice  it 
may  happen  that  it  does  not  boil  regularly,  but  froths  strongly  and  threatens  continu- 
ally to  boil  over.  Loss  can  then  be  prevented  only  by  very  careful  regulation  of  the 
temperature,  not  admitting  too  much  steam,  and  boiling  more  slowly  under  rather 
more  pressure.  A  sudden  ebullition  can  be  rendered  harmless  by  some  fiftt,  as  the 
steam  bubbles  burst  more  rapidly  under  a  layer  of  fat ;  also  by  the  admission  of  air 
through  careful  momentary  opening  of  the  air  cock. 

The  reverse  happens  when  the  juice  contains  an  excess  of  lime  or  other  alkali. 
The  alkali  can  only  be  in  the  juice  in  combination  with  the  sugar,  and  these  alkaline 
sugar  compounds  have  the  property  at  a  certain  point  of  the  concentration  of  the 
juice  to  arrest  the  boiling  and  the  rapid  evaporation,  and  at  the  same  time  to  decom- 
pose a  portion  of  the  sugar  with  the  formation  of  coloured  products.  It  is  not  known 
how  the  alkaline  sugar  compounds  so  influence  the  boiling.  Under  such  conditions 
the  boiling  cannot  be  carried  successfully  to  a  termination,  and  nothing  remains  but 
to  remove  the  syrup  from  the  apparatus,  dilute  it  to  the  consistence  of  thick  juice, 
and  filter  it  afresh. 

In  moat  cases  the  lime  and  alkali  are  removed  in  sufficient  quantity  by  the  action 
of  fresh  charcoal ;  but  if  simple  filtration  be  insufficient,  dilute  sulphuric  acid  is  added, 
which  sets  free  the  sugar  and  combines  with  the  lime  and  alkali  to  form  salts  that  do 
not  interfere  with  the  boiling.  This  neutralisation  with  acid  must,  however,  be 
effected  cautiously,  and  the  greatest  care  taken  to  avoid  any  excess,  since  the  smallest 
quantity  of  free  acid  would,  upon  heating,  make  the  whole  of  the  sugar  uncrystalli- 
sable.  Only  so  much  acid  must  be  added  as  to  leave  the  juice  still  with  a  faintly 
alkaline  reaction  sufficient  to  colour  turmeric  paper  brown  or  red  litmus  paper  blue. 
With  such  juices  as  are  known  by  experience  to  boil  badly,  the  neutralisation  of  the 
alkali  is  regularlv  effected  previous  to  the  last  filtration.  Phosphoric  acid,  instead 
of  sulphuric,  is  chiefiy  used  for  this  purpose,  as  it  forms  with  the  lime  an  insoluble 
salt,  which  can  be  separated  in  a  small  preliminary  filter. 

In  the  blank  boiling,  the  finished  juice  becomes  a  saturated  solution  at  the  tem- 
perature at  which  the  boiling  is  carried  out;  the  deposit  of  the  sugar  in  crystals  only 
takes  place  upon  cooling.  In  the  boiling  to  granulation  the  concentration  is  carried 
much  further,  and  a  syrup  is  obtained  in  the  vacuum,  that  no  longer  holds  in  solution 
all  the  sugar  it  contains  even  at  the  boiling  point,  but  in  which  a  large  portion  of  the 
siigar  alr^y  exists  as  crystals.  By  boiling  to  granulation,  therefore,  there  is  finally 
obtained  after  the  cooling  much  finished  product  and  little  syrup ;  whilst  by  blanx 
boiling,  the  quantity  of  syrup  is  much  more  considerable.  By  boiling  an  impure 
juice  to  granulation,  a  crystallisation  would  bo  obttiined,  so  enclosed  in  the  mother 
liquor  or  syrup  containing  the  impurities  that  it  could  not  be  perfectly  separated. 

In  a  manufactory  daily  working  up  250  tons  of  beets,  two  vacuum  pans  of  the 
form  shown  in  figs.  623  and  624  are  used.  They  are  7  ft.  8  in.  in  diameter,  8|  ft. 
from  top  to  bottom,  and  hold  each  upwards  of  1,300  gallons  of  juice. 

In  boiling  to  granulation  the  air  is  first  driven  out  from  the  boiling  spaoe  by  a 
jet  of  steam ;  the  condenser  and  air  pump  are  then  brought  into  action,  and  the 
clarified  juice  is  drawn  into  the  pan,  the  height  being  observed  through  four  glasses 
in  the  side.  When  the  juice  reaches  the  level  of  the  lowest  glass  Hie  juice  valve  is 
dosed,  and  steam  is  admitted  by  the  opening  of  the  cock  (b)  into  the  lower  spiral. 
By  means  of  the  condenser  and  the  air  pump  a  rarefaction  is  attained  corresponding 
to  4  or  4*5  inches  on  the  barometer ;  the  pressure  of  steam  in  the  spiral  reaches 
five  atmospheres,  corresponding  to  a  temperature  of  about  150°.  Under  the 
reduced  pressure  the  jmce  boils  at  60° ;  there  is,  therefore,  a  very  considerable 
difference  between  the  temperature  of  the  heating  surface  and  the  boinng  point,  and 
the  evaporation  goes  on  rapidly.  Juice  is  continually  introduced  in  such  quantity  as 
to  maintain  the  surface  of  the  liquor  nearly  constant,  until  a  concentration  of  about 
70°  to  72°  of  the  saccharometer  is  obtained.  The  evaporation  is  then  somewhat 
slackened  by  allowing  the  pressure  in  the  interior  to  reach  10  inches  of  the  barometer,  and 
reducing  the  steam  pressure  in  the  spiral  to  two  atmospheres,  or  122°.  Small  quantities 
of  fresh  juice  are  successively  drawn  in  so  that  the  concentration  is  kept  near  the  above 
point.  As  the  surface  of  the  liquor  rises,  the  two  other  spirals  are  successively 
brought  into  operation.  When  the  liquor  covers  the  topmost  observation  glass,  the 
juice  valve  is  closed,  and  the  whole  is  boiled  to  strong  proof.  When  this  point  is 
reached,  the  temperature  of  the  syrup  is  reduced  to  50°-55°,  with  an  atmospharic 
pressure  of  2  to  3  inches,  the  steam  in  the  spirals  being  under  a  pressure  of  two  atmo- 
<(pheres,  or  about  122°.    At  this  lower  temperature  a  formation  of  sugar  crystals 
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oommencesimmediateljf,  which  can  be  reoognimd  bj  the  pastj  appeannce  of  the  mai 
at  seen  through  the  glaases.    As  the  eraporation  proceedji  smali  quantities  of  jniee 
are  admitted,  ontil  at  last  the  whole  apparatus  is  full  of  a  pasty  maits  of  sugar 
throughout  which  numberless  crystals  are  distributed. 

After  seTCD  or  eight  hours  the  boiling  is  completed,  the  air  pump  is  disconnected, 
the  air  cock  is  opened,  and  the  syrup  is  idlowed  to  run  off  through  a  valre  at  the  bot- 
tom and  a  tiough  into  the  crystallisation  vessel,  which  must  be  sufficiently  spacious 
to  receive  the  entire  product  of  an  operation,  or  above  81  tons. 

Seyfert  proposes  to  improve  the  syrup  during  the  ooiling,  by  adding  to  it  an 
aqueous  solution  of  sulphurous  add,  which  bleaches  a  portion  of  the  colouring  matten 
and  also  decomposes  the  compounds  of  sugar  with  lime  and  alkali.  The  sugar  crystals 
thus  obtained  are  very  light  coloured,  weU  crystallised,  and  free  from  foreign  taste  or 
smell.  It  appears,  however,  that  sugar  so  treated  is  not  so  easily  refined  as  that  to 
which  no  sulphurous  add  has  been  added ;  for  should  sulphite  of  lime  so  formed  ac- 
company the  crystals  it  oxidisee  in  the  air,  and  acts  very  injuriously  upon  the  char- 
coal filter.    In  some  refineries,  however,  no  such  infiuence  has  been  noticed. 

In  making  sugar  from  the  sugar  cane  the  finished  boiled  juice  was  formerly  brought 
into  a  reservoir,  and  allowed  to  cool  to  46°  or  50® ;  the  mass  of  crystals  and  arrup 
was  then  put  into  a  vessel  with  a  perforated  bottom,  and  the  syrup  allowed  to  draia 
away.  At  the  present  time,  this  imperfect  method  is  almost  completely  abandoned. 
In  most  boiling  houses  the  thick  syrup  passes  into  large  shallow  receptacles,  whers 
it  is  allowed  to  cool,  and  the  crystallisation  to  proceed  for  twenty-four  hours.  The 
finifthing  of  the  crystallisation  takes  place  in  moulds,  from  which  the  syrup  is  run  off 
through  an  opening  at  the  end.  Many  sugar  boilers  have  already  introduced  the  oentzi- 
fiigal  apparatus  for  the  removal  of  the  syrup,  using  a  solution  of  sugar  for  the  purpose. 
The  yield  of  1,000  parts  of  sugar  cane  by  the  methods  described  does  not  exceed 
66  to  66  parts  of  cane  sugar ;  but  the  amount  of  sugar  present  in  the  cane  originally 
may  be  taken  as  160  to  100  parts.  A  part  of  the  difference  goes  into  the  syrup,  aad 
part  remains  in  the  imperfectly  pressea  cane,  the  sugar  being  distributed  in  the  fd- 
wwing  proportions : — 

Sugar  obtained  in  crystals    .  .    66  to  66  parts 

Sugar  in  the  syrnjp .     26  to  20     „ 

Sugar  remaining  in  the  crushed  cane    .  .     80  to  76     „ 

This  considerable  loss,  amounting  on  the  average  to  66  per  cent.,  is  therefore  prin- 
cipally due  to  the  imperfect  method  of  obtiiining  the  juice.  As  an  improvement,  it 
has  been  recently  recommended  to  disintegrate  the  cane  similarly  to  the  way  in  which 
the  beet  is  treated,  and  to  press  the  paste' in  hydraulic  presses,  adding  ^  per  cent  of 
the  weight  of  caoe  of  sodium  sulphite,  in  order  to  prevent  change  in  the  juice.  The 
use  of  sodium  sulphite  in  Louisiana,  where  in  consequence  of  the  cooler  climate,  the 
cane  is  poorer  in  sugar  and  richer  in  foreign  matters  than  in  the  West  Indies,  is  said 
to  have  given  good  results.  By  a  complete  extraction  of  the  juice,  espedally  if  the 
press  residue  be  mixed  with  16  or  20  per  cent,  of  water  and  again  pressed*  a  consider- 
ably higher  yield  is  obtained ;  but  it  must  be  borne  in  mind  that  the  crushed  cane, 
the  bagasse,  or  cane  trash,  is  generally  the  only  available  fud,  and  that  probably 
this  could  only  be  very  imperfectly  replaced  by  the  disintegrated  press  reddue. 
When  coal  can  be  purchased,  Robert's  oifiudon  process  is,  on  account  of  its  sim- 
plicity, undoub|edly  best  adapted  for  obtaining  an  improved  yidd  of  juice. 

AjDother  essential  improvement  consists  in  Doiling  the  sugar  to  granulation  in  the 
vacuum  pan,  by  which  means  the  formation  of  crystflJs  of  the  largest  size  is  promoted. 
After  the  crystallisation  is  finished,  the  crystalline  sugar  is  brought  into  tne  centri- 
fugal apparatus,  and  treated  first  with  pure  syrup  and  then  with  steam.  A  product 
is  thus  obtained  which  is  fit  for  consumption  without  refining. 

A  new  method  of  defecating  cane  juice  has  been  introduced  by  Perrier,  Poesoi,  and 
Odl.  It  depends  upon  the  use  of  neutral  sodium  sulphite.  The  dried  salt  is  dis- 
solved in  three  times  its  weight  of  cold  water,  and  the  solution  is  added  to  the  juice 
in  the  defecation  pan,  in  such  proportion  that  ^  to  1  part  of  the  dry  salt  is  mixed 
with  1,000  parts  of  juice.  If  the  juioe  is  not  thus  sufficiently  clarified,  a  little  milk 
of  lime  is  used ;  but  only  enough  lime  is  used  to  render  the  juice  exactly  neutnl, 
without  being  alkaline.  During  the  consequent  defecation,  the  juice  is  boiled  a  short 
time  and  the  scum  is  carefully  removed.  The  further  evaporation  can  be  carried  on 
either  in  open  vessels  or  in  vessels  partially  exhausted  of  air.  This  method  has 
found  acceptance  in  several  colonies,  and  a  large  quantity  of  the  salt  is  exported  from 
France  for  the  purpose. 

OyatallisiUkm  and  Working  up  of  the  After  Products. — ^Accordin^  to  the  quality  of 
the  juoe,  or  the  arrangements  of  the  factory,  the  crvstallisation  yields  either  Iniii^ 
sugar  (melis)  or  raw  sugar.    The  former  is  only  yielded  by  juice  of  good  qnaU^ 
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carefhllj  treated  ;  the  latter  by  any  juice.  Lump  sugar  always  formB  a  hard  mass  of 
definite  shape,  resulting  from  numberless  more  or  lees  well  defined  crystals,  growing 
doeely  upon,  and  combined  with  one  another.  The  raw  sugar  consists  of  separate, 
generally  larger  and  better  formed  crystals,  that  do  not  grow  upon  one  another.  By 
a  speciid  operation,  the  syrup  is  completely  removed  from  the  lump  sugar,  which  is 
not  necessary  to  the  same  degree  with  the  raw  sugar. 

Lump  sugar  can  be  prepared  either  from  juice  boiled  blank  or  to  granulation,  but 
the  latter  is  the  one  generally  used.  The  juice  boiled  to  granulation  is  to  be  con- 
sidered as  an  intimate  mixture  of  sugar  crystals  with  blank  boiled  juice  that  crystal- 
lises upon  cooling  between  already  existing  sugar  crjrstals ;  it  thus  yields  a  denser 
mass  of  sugar  than  blank  boiled  juice,  in  which  only  so  many  crystals  can  form  as  may 
oorrespond  with  the  degree  of  concentration. 

In  Older  to  obtain  lump  sugar  from  juice  boiled  to  granulation,  the  product  of  a 
boiling  is  allowed  to  flow  from  the  vacuum  pan  into  a  spacious  receiver,  consisting  of 
a  large  shallow  copper  dish  with  double  siaes.  It  is  there  heated  by  steam  to  00° 
and  passed  into  the  crystallisation  vessels,  the  well-known  conically  shaped  moulds 
made  of  lacquered  sheet  iron.  This  reheating  of  the  liquor  has  for  its  object  to  re- 
dissolve  a  portion  of  the  crystals.  All  the  crystals,  however,  do  not  dissolve  equally ; 
the  smaller  crystals  presenting  the  largest  proportional  surface  are  chiefly  dissolved, 
the  larger  remaining  and  forming  the  g  r  a  i  n  of  Uie  sugar.  Upon  cooling,  the  dissolved 
portion  again  crystallises  between  the  existing  crystals  and  thus  forms  a  hard  dense  loaf. 
In  order  to  obtain  this  hardness  with  bUnk  boiled  juice,  the  formation  of  large 
crystals  is  prevented  by  stirring  the  mass  from  the  commencement  of  the  crystallisa- 
tion. When  intended  for  the  preparation  of  lump  sugar,  it  is  boiled  to  a  somewhat 
stiflfte  consistence.  It  is  run  into  a  large  receiver,  similar  to  that  just  described,  but 
called  the  cooler,  as  in  this  case  the  liquor  is  not  reheated,  but  left  to  crystallise, 
bein^  meanwhile  vigorously  stirred  with  a  wooden  spatula  and  after  some  time  it  is 
mn  into  the  moulds. 

The  further  treatment  of  the  lump  sugar  in  the  moulds  is  the  same  as  in  the  ope- 
ration of  refining,  which  is  described  on  p.  863. 

In  the  preparation  of  raw  cane  sugar  various  crystallising  vessels  are  used,  either  of 
the  same  corneal  shape  as  for  lump  sugar,  but  three  or  four  times  as  large,  or  large 
rectangular  or  pentangular  chests,  or  a  large  vessel  capable  of  receiving  a  third  of  the 
entire  boiling.  These  stand  in  a  room  heated  to  28°  or  32°.  The  size  and  sharpness 
of  the  crystflJs  are  dependent  upon  their  forming  very  slowly,  and  having  time  to  grow, 
and  this  can  only  bo  a<*.complisnod  by  a  very  gradual  cooling.  The  more  rapidly  the 
Uqnor  is  cooled  the  smaller  are  the  crystals,  and  the  presence  of  non-crjrstallisablo 
matters  has  a  similar  efiect.  From  a  specially  good  juice  comparatively  large 
crystals  are  obtained  even  with  rapid  cooling,  whilst  an  inferior  juice  under  similar 
oooditions  only  hardens  to  a  pasty  mass.  The  size  of  the  crystallising  vessel  has  also 
an  influence  upon  the  crystallisation,  small  moulds  being  used  for  good  juice,  and 
large  ones  for  inferior  juice.  The  time  required  for  the  completion  of  the  crystallisation 
depends  cm  circumstances ;  with  good  juice  in  small  moulds  it  is  flnished  in  six  to  eight 
hours,  the  larger  ones  take  twenty-four  to  thirty-six  hours. 

The  mother  liquor  or  syrup  is  drained  off  from  the  crystals  in  the  cones,  by  re- 
moiving  a  plug  from  the  apex;  the  chests  are  inclined  so  that  the  syrup  can  run  off 
over  the  brim ;  and  the  larger  vessels  are  provided  at  the  bottom  with  an  opening. 
The  syrup  flows  off  gradually,  but  more  quickly  the  higher  the  temperature  of  the 
room  and  the  purer  the  juice ;  several  days  are,  however,  always  required.  Even 
alter  the  draining  is  ended  the  sugar  is  never  quit«  free  from  syrup,  the  separate 
cryatals  retaining  some  by  surface  attraction  and  capillary  action.  This  is  removed 
by  liquoring,  or  by  centrifugal  action.  The  liquoring,  which  is  confined  to  the 
eooe-shaped  vessels,  is  carried  out  by  pouring  upon  the  sugar  in  the  broad  upper  por- 
tion of  tne  mould  either  pure  water  or  a  solution  of  purer  sugar.  The  water  ai«$solves 
•  portion  of  the  sugar,  and  becoming  saturated,  percolates  through  the  mass  of 
arfirtals,  driving  before  it  the  adhering  syrup.  The  operation  is  repeated  a  second  or 
third  time,  until  the  remaining  sugar  is  sufficiently  pure.  It  is  immaterial  whether 
pore  water  or  sugar  solution  is  used  for  the  liquoring ;  in  the  former  ease  the  solution 
Minff  formed  at  the  cost  of  the  sugar  operated  upon.  This  operation  is  best  carried 
Otit  in  the  conical  moulds,  as  the  liquid  has  there  to  traverse  the  greatest  distance. 
After  the  last  liquor  h^is  completely  run  off,  the  moulds  are  removed  from  their 
fmmw  and  emptied,  by  reversing  them  and  striking  their  broad  ends  once  or  twice 
OB  the  floor,  by  which  the  more  or  less  adhering  mass  of  sugar  is  jerked  out  It  is 
then  broken  up  with  a  mallet,  and  passed  between  toothed  rollers,  after  which  it  is 
iMdj  for  the  market. 

The  liquoring  of  the  sugar  in  moulds  takes  a  very  long  time,  as  the  symp  drains 
dowlj,  neceeritating  the  use  of  a  great  many  crystallising  vessels  and  the  ooeapation 
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the  drum  is  made  to  revolve  or  stopped  at  will.  A  modification  of  this  apparatus 
has  been  made  very  gODcrally  in  the  placing  of  the  driving  machinery  beneath  the 
drum  instead  of  above  it ;  this  gives  greater  convenience  in  filling  and  emptying. 
The  drum  has  a  diameter  of  32  inches  and  is  13  inches  deep;  it  makes  about  1,200 
revolutions  per  minute. 

Atter  the  crystallisation  of  the  sugar  has  ended,  the  entire  contents  of  the  chest, 
without  first  removing  the  syrup,  is  emptied  into  the  crushing  machine,  a  horizontal  iron 
trough,  in  which  numerous  blunt  knives  revolve  in  a  vertical  direction.  These  break 
np  the  sugar  mass,  and  mix  it  with  the  syrup.  The  result  should  be  a  uniform 
moderately  fluid  paste;  should  the  syrup  present  be  insufficient  to  give  it  the  desired 
liquidity,  sufficient  from  another  operation  is  added.  This  paste  is  ladled  into  the 
drum  whilst  in  fall  rotation ;  it  is  at  once  flung  by  the  centrifugal  force  against  the 
side,  where  the  sugar  is  retained  by  the  sieve,  whilst  the  syrup  flows  through  into  the 
jacket.  In  a  few  minutes  the  sugar  is  freed  from  all  but  a  small  quantity  of  the 
syrup,  which  is  separated  by  a  liquoring  operation.  A  small  quantity  of  clear  syrup 
is  thrown  into  the  drum ;  this  penetrates  at  once  through  the  sugar  mass,  and  is 
driven  off  by  the  centrifugal  force.  After  a  second  similar  liquoring,  the  sugar  is 
usually  pure  white.  The  svrup  that  flows  oflf  from  the  second  liquoring  can  be  used 
in  the  next  operation  for  the  first  liquoring.  The  entire  operation  including  two  or 
three  liquorings  is  finished  in  eight  or  ten  minutes.  When  the  ordinary  moulds  are 
used,  and  the  syrup  allowed  to  drain,  the  operation  takes  several  weeks,  according  to 
the  quality  of  the  product. 

The  syrup  that  runs  off  from  the  first  product  is  still  a  saturated  sugar  solution, 
of  course  rendered  impure  by  the  nous  r.cchariue  matter  that  was  previously  contained 
in  the  whole  of  the  juice.  In  order  to  obtain  this  sugar,  it  is  again  boiled  in  a 
vacuum  to  string  proof  and  left  to  crystallise.  The  product  is  purified  in  the  centri- 
fugal machine,  and  the  syrup  driven  off  is  again  boiled,  and  yields  a  third  product. 
The  syrup  from  this  still  contains  about  half  its  weight  of  crystallisable  sugar,  but 
the  non«8accharine  matters  have  now  become  so  concentrated  that  no  more  crystals 
can  be  obtained  by  a  fresh  boiling.  It  is  therefore  collected  in  large  cisterns,  when 
after  standing  for  months  some  crystals  gather  at  the  bottom.  The  supernatant 
liquor,  or  molasses,  is  removed  as  for  as  possible  by  skimming,  and  ultimately 
the  crystals  are  placed  in  the  centrifugal  machine  and  yield  a  last  product.  The 
molasses  still  always  contains  about  45  per  cent  of  sugar,  and  some  methods  will  be 
described  having  for  their  object  the  obtaining  of  this  sugar;  generally,  however,  the 
molasses  is  not  worked  further,  but  used  in  the  manufacture  of  spirit. 

Working  up  of  By-Products, — The  by-products  of  the  manufacture  of  sugar  from 
the  sugar  cane  consist  of  the  scum,  the  pressed  cane  (bagasse  or  trash),  and  the  syrup. 
The  scum,  which  is  produced  only  in  small  quantity,  is  used  as  manure.  The  trash  is 
used  as  fuel  for  heating  the  evaporating  pans ;  the  ash  which  it  yields  is  nnusually  rich 
in  potash,  and  could  be  used  in  the  glass  manu&cture ;  but  it  is  preferable  to  restore 
it  to  the  soil  in  order  to  provide  nourishment  for  the  succeeding  crop.  The  syrup 
goes  partially  into  the  market,  and  being  free  from  the  disagreeable  smell  of  beet 
syrup,  and  containing  a  smaller  amount  of  salts,  is  fit  for  direct  consumption.  The 
larger  portion  is  worked  in  the  West  Indies,  after  fermentation,  for  the  preparation  of 
mm  and  alcoliol.  Generally  it  is  allowed  to  ferment  with  the  juice  of  the  damaged 
canes,  and  a  rum  is  thus  obtained  which  is  especially  liked  for  its  fine  aroma. 

The  following  represents  the  plant  of  a  sugar- boiling  house  capable  of  working 
10,500  gallons  of  juice  daily,  or  nearly  1,600,000  gallons  in  a  season  of  150  days,  pro- 
ducing about  1,200  tons  of  sugar. 

The  steam  power  is  equal  to  alx)Ut  92  horse  power,  of  which  16  horse  power  is 
need  for  driving  the  machinery,  and  76  horse  power  for  the  evaporation.  For  the 
defecation  six  pans,  4^  feet  in  diameter,  are  provided ;  each  holds  about  220  gallons  of 
juice,  and  makes  eight  operations  daily,  or  altogether  48  operations.  From  5  to  10 
ounces  of  lime  are  used  for  each  defecation.  The  filtration  requires  eleven  filters, 
each  containing  1^  tons  of  animal  charcoal,  or  altogether  13|  tons.  Six  of  the  filters 
filter  about  88  gallons  of  thin  juice  hourly,  or  in  the  twenty-four  hours,  including  four 
hours'  rest,  between  10,000  and  11,000  ^lons.  Five  filters  used  for  thick  juice  yield 
about  4,400  gallons  daily.  Every  twenty-four  hours  two  filters  are  freshly  filled. 
The  charcoal  from  each  filter  retains  about  12  cwts  of  thick  juicv  ;  this  is  first  dis- 
placed with  thin  juice,  and  then  the  thin  juice  is  washed  out  with  water  until  the 
liquor  flowing  away  is  of  sp.  gr.  1*013.  The  washing  of  the  fllter  lasts  three  hours. 
The  evaporation  is  effected  flrst  in  three  systems  of  condensation  pipes,  and  then  in 
two  vacuum  pans;  the  first  of  them  exhausted  to  12*5  inches  and  the  second  to  6*5 
or  7  inches.  In  the  crystjillisation  the  syrup  is  heated  to  80°,  and  yields  then  160 
moulds  each  containing  about  150  lbs.  of  mass  ;  after  draining  there  remains  about 
110  lbs.  of  sugar  in  each  mould.  The  daily  product  of  sugar  would  therefore  be 
nearly  8  tons. 
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Woriiaga/tlu  8eum,— 'i'hed\t^rtnl  Bcnme  i^odoind  in  the  defecatioD  Mid  otniv 
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adapted  to  Uhe  raqnirsmenU  of  the  mgar  mannfietnre,  and  at  the  Bi- 
London  in  1BS3  he  prodneed  the  lugar  acnm  pren.    Since  that  time  it  bu 
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been  several  times  modified  and  improved  by  Banek  of  Prague,  Trinks  of  Helmstadtt 
and  Riedel  and  Kemnitz  in  Halle. 

The  filter  press  may  be  described  as  consisting  of  verv  narrow,  tall,  and  broad 
chambers,  the  two  tall  and  broad  sides  of  which  are  formed  of  willow  rods  laid  per« 
pendiculurly  and  covered  with  linen.    In  the  upper  narrow  end  is  an  opening,  into 
which  is  sfit  a  ver^  tall  pipe.    When  a  slimjr  liquid  is  poured  into  this  pipe,  the  water 
at  first  passes  easily  through  the  linen  covering  the  sides,  and  no  other  way  being  open 
it  follows  the  direction  of  the  rods.    The  sides  soon  become  covered  with  a  dense  layer 
of  scum,  which  would  prevent  the  flow  of  the  liquid  were  it  not  for  the  pressure 
exerted  bv  the  column  of  liquid  in  the  long  pipe,  which  drives  out  the  i^^ter  until  the 
chamber  is  full  of  dense  scum  from  which  the  water  has  been  driven  out    A  filter 
press  consists  of  eighteen  or  more  of  these  chambers,  the  four  closed  sides  of  which  are 
formed  by  planed  iron  frames.    The  wicker  work  is  now  imitated  by  two  thin  iron 
plates,  perforated  by  long  slits,  which  are  so  arranged  that  when  the  plates  are  placed 
against  one  another  there  is  a  communication  between  all  the  openings.    The  plates 
are  covered  with  linen,  and  the  chambers  thus  formed  by  the  frames  and  plates  being 
filled  with  scum,  the  liquid  runs  through  into  the  connected  slits,  and  escapes  between 
each  pair  of  frames,  leaving  the  scum  in  the  chamber.    The  long  pipe  is  filled  by  a 
monte*jus  which  is  in  connection  with  all  the  chambers.     One  modification  of  the 
filter  prets  is  shown  in  figs.  629  to  631.    Fig.  630  is  a  vertical  section  through  a 
chamber  showing  the  iron  plates  forming  the  sides  with  the  longitudinal  openings. 
In  the  middle  and  near  the  upper  edge  is  a  circular  opening.    Each  pair  of  plates  is 
covered  with  linen,  and  between  each  pair  is  an  iron  frame  (▲')  with  a  circular 
opening  exactly  corresponding  with  the  circular  opening  in  the  plates,  so  that  when 
pairs  of  plates  and  frames  are  placed  alternately,  a  corresponding  number  of  chambers 
are  formed,  which  are  connected  by  a  common  channel  formed  by  the  circular  openings 
in  the  plates  and  frames.  The  sides  of  the  opening  in  each  frame  are  perforated  several 
times  in  an  oblique  direction,  so  that  the  channel  is  thus  placed  m  communication 
with  the  interior  of  each  chamber.    This  is  shown  in  fig.  629,  which  represents  a 
section  at  right  angles  with  that  in  fig.  631.    The  frames  are  suspended  on  a  strong 
iron  fhime,  each  being  provided  with  two  projections  (o),  that  rest  upon  an  iron  balk. 
The  eighteen  frames  are  pressed  closely  together  by  means  of  a  strong  screw  (p,  fig. 
631)  until  they  are  watertight      The  complete  press  is  shown  in  fig.  631.    The  pipe 
(a)  leading  from  the  monte-jus  is  connected  with  the  end  of  the  press ;  its  prolongation 
(▲^  is  formed  by  the  circular  openings  in  the  frames  and  plates,  and  at  the  opposite 
end  it  is  closed  by  a  screw  (k).    The  frames  and  plates  are  secured  by  the  pressure 
of  the  screw  (f)  upon  the  end  piece  of  the  press.    The  filtered  liquid  runs  through  the 
openings  in  the  plates  into  the  trough  (b),  and  thence  into  the  iron  reservoir  (c), 
firom  which  it  is  run  off  at  (d). 

The  scum  to  be  filtered  is  worked  up  into  a  uniform  mass,  then  run  into  a  monte- 
jus  and  driven  under  steam  pressure  into  the  filter  press.  The  removal  of  the  liquid 
takes  place  very  quickly,  and  the  press  remains  filled  with  a  dry  cake  of  scum.  To 
empty  the  press  the  screw  (f)  is  loosened  and  the  end  piece  withdrawn  ;  the  frames 
and  plates  are  then  lifted  out  successively,  and  the  intervening  scum  cake  removed, 
until  the  press  is  emptied.  The  plates  are  covered  with  clean  cloths,  and  returned 
with  the  frames  to  the  press ;  the  screw  is  applied,  and  the  press  is  ready  for  a  fresh 
operation. 

The  suggested  modifications  of  this  apparatus  have  been  very  numerous,  but  the 
principle  remains  the  same  in  all. 

Working  of  the  MoUuses. — The  liquor  from  the  last  crystallisations,  known  under 
the  name  of  molasses,  is  a  solution  of  crystallisable  sugar,  in  which  however 
crystallisation  is  prevented  by  the  presence  of  a  large  proportion  of  foreign  matters. 
Its  composition  evidently  varies  with  the  quality  of  the  juice,  but  on  an  average 
molasses  contains  60  per  cent,  of  crystallisable  sugar,  30  per  cent,  of  non-saccharine 
bodies  and  20  per  cent,  of  water.  Upon  incineration  the  non -saccharine  matter  yields 
8  parts  of  ash.  To  separate  this  large  quantity  of  crystal  Usable  sugar  different 
methods  have  been  proposed.  Some  of  these  are  based  upon  the  fact  that  sugar  will 
form  insoluble  compounds  with  the  alkaline  earths,  which  can  then  be  separated  from 
the  soluble  non-saccharine  matters;  another  method  depends  upon  the  osmotic 
behaviour  of  molasses. 

Dubrunfaut  ha.s  introduced  a  method  based  upon  the  insolubility  of  sugar  bar3rta. 
The  molasses  is  diluted  with  boiling  water,  and  whilst  hot  mixed  with  so  much  solu- 
tion of  barium  hydrate  as  contains  one  molecule  of  baryta  for  each  molecule  of  sugar. 
A  fiocculent  precipitate  of  sugar  baryta  is  immediately  thrown  down,  whilst  the  re- 
maining matters,  or  at  least  the  greater  part,  remain  in  solution.  The  sugar  baryta 
18  washed  with  hot  water  until  all  other  matters  are  removed,  an  operation  in  which 
the  filterpress  may  be  used  with  advantage,  and  it  ia  then  saspemled  in  water  and  sata- 


858  SUGAR. 

rated  -with  carbonic  acid.  The  carbonic  acid  decomposes  the  sugar  baryta,  foroiin^ 
insoluble  barium  carbonate,  whilst  the  sugar  is  set  free.  The  precipitated  barium 
carbonate  is  freed  from  sugar  in  a  filter  press,  and  by  ignition  with  charcoal  it  can  be 
again  converted  into  barium  hydrate,  so  that  the  same  quantity  of  baryta  can  be  re- 
peatedly used.  The  saturation  must  be  effected  at  the  temperature  of  boiling,  to 
avoid  the  formation  of  acid  barium  carbonate.  Even  when  this  is  accomplished,  some 
baryta  always  remains  in  solution.  As  barium  acts  poisonously  upon  the  mtem, 
this  must  be  completely  removed  ;  the  juice  is  therefore  filtered  through  anim^  char- 
coal, upon  which  is  placed  2  parts  of  calcium  sulphate  or  gypsum,  or  an  equivalent 
quantity  of  sulphuric  acid  (sp.  gr.  1*49),  for  every  1,000  parts  of  the  prepared  moUsses. 
The  latter  treatment,  however,  does  no  good  to  the  animal  charcoal. 

Another  nietho<l,  in  which  baryta  with  its  disadvantages  is  replaced  by 'lime,  has 
been  invented  by  Schoibler.  Each  100  lbs.  of  molasses  is  thoroughly  mixed  with 
about  27  gallons  of  82  to  85  per  cent,  spirit  and  37  or  38  lbs.  of  lime.  A  sugar  lime 
compound  is  produced  that  is  completely  insoluble  in  spirit,  whilst  the  non-saccharine 
matters  remain  (iissolvod.  The  alcoholic  solution  is  separated  from  the  sugar  lime  in 
the  filter  press,  and  the  sugar  lime  is  washed  with  alcohol ;  the  alcoholic  solution  and 
washings  being  afterwards  submitted  to  distillation  to  recover  the  alcohoL  The 
sugar  lime  still  saturated  with  alcohol  is  placed  in  a  saturator  connected  with  a  dis- 
tillatory a[)paratus,  and  heated  with  water  to  boiling,  while  at  the  same  time  carbonic 
acid  is  introduced.  The  alcohol  distils  off  from  the  boiling  liquid,  whilst  the  sugar 
lime  vields  calcium  carbonate  and  crystallisable  sugar. 

Tno  osmotic  treatment  of  the  molasses  is  essentially  the  same  as  the  difihsion 
method  of  separating  sugar  from  beet  previously  described,  but  in  this  case  the 
natural  difiiision  organ,  the  membrane  of  the  vegetable  cell,  is  replaced  by  an  artificial 
one  of  parchment  paper.  The  parchment  paper  is  stretched  over  the  edges  of  ■hallow 
frames,  a  number  of  which,  filled  alternately  with  water  and  molasses,  are  fiutened 
together,  and  difiusion  then  goes  on  between  the  water  on  the  one  side,  and  the 
molasses  on  the  other.  The  constituents  of  the  molasses  are  difiusible  in  very  dif- 
ferent degrees;  the  su;;^r,  although  a  crystalloid,  diffusing  more  slowly  than  the 
salts  and  some  of  the  other  organic  substances.  The  greater  part  of  the  salts  can 
therefore  be  obtained  in  the  outSowing  water,  but  also  with  a  loss  of  a  certain  quan- 
tity of  sugar,  the  amount  depending  upon  the  way  in  which  the  operation  is  carried 
out.  When  the  water  diffuses  rapidly,  little  sugar  is  taken  up ;  but  when  it  is  long 
in  contact  with  the  molasses,  a  proportionately  laiger  quantity  of  sugar  is  carried 
through.  An  absolute  separation  of  sugar  and  salts  by  this  method  is  not  possible, 
the  most  that  can  be  done  is  to  reduce  the  proportion  of  salts.  But  as  it  has  not 
been  shown  that  the  presence  of  the  salts  hinders  the  crystallisation  of  the  sugar,  and 
it  is  much  more  probable  that  this  is  dependent  on  the  presence  of  non>saccharine 
matters,  it  is  not  likely  that  all  the  sugar  can  be  obtained  m  a  crystalline  form  in  this 
way.  Practically,  only  about  15  per  cent  of  a  very  impure  dark-coloured  sugar  is 
obtained  from  molasses  containing  50  per  cent. 

It  has  been  recommended  by  Champonnois,  and  afterwards  by  Payen.  that  the 
syrup  from  the  first  product  should  be  mixed  with  fresh  beet  pulp  in  such  proportions 
that  the  pulp  produced  in  a  day  should  bo  used  up  with  the  syrup  made  the  previous 
day.  The  syrup  is  first  diluted  with  water  to  the  concentration  of  the  normal  juice, 
heated  to  70°,  added  to  tJie  pulp  brought  to  the  same  temperature,  defecated  by  the 
Perrier-Possoz  method,  and  afterwards  worked  in  the  ordinary  way.  A  coagulation 
of  the  albumin  and  a  considerable  absorption  of  the  salts  by  the  substance  of  the 
pulp  is  said  to  take  place ;  consequently  the  constituents  of  the  beet,  with  the  ex* 
ception  of  the  sugar,  would  be  retained  in  the  pressed  pulp  and  the  juice  would  be 
considerably  purified.  All  working  of  the  after  product  would  be  done  away  with,  as 
only  first  product  and  no  molasses  would  be  produced.  It  has  yet  to  be  proved  that 
this  method  can  be  practically  carried  out,  but  experiments  by  Bodenbender  hare 
shown  it  to  be  very  improbable  that  the  beet  pulp  has  such  an  absorbent  action  upon 
non-saccharine  matters. 

The  whole  of  the  by-products  and  refuse  of  the  beet-sugar  manufacture  find  useful 
application  as  fodder,  manure,  or  in  other  ways.  They  consist  of  the  beet  leaves  and 
tops,  the  pressings,  residues  from  the  centrifugail  maceration  or  diffusion  operations, 
the  washing,  defecation,  and  saturation  scum,  the  refuse  from  the  washing  of  the 
charcoal,  and  lastly  the  molasses. 

The  beet  leaves  are  generally  used  with  least  advantage,  I  cing  simply  throvn 
upon  the  land  and  there  allowed  to  rot.  Sometimes*  they  are  used  as  fodder,  and 
during  the  beet  liarvest  the  yoke  oxen  are  fed  exclusively  upon  them.  This  is  almost 
equally  imitional,  for  though  on  account  of  their  richness  in  albuminoids,  they  form 
good^  fodder  when  given  in  suitable  quantities,  in  large  quantities  they  {voduee 
purging  and  weaken  the  beasts. 
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prodncti  into  flnt  pradnct,  and  leave  onlj  a  sniitll  qosntit;  of  nfler  product.  In  the 
•aeond  product,  u  before  meationed,  the  propurtion  of  gngar  to  Don-Bacah«riDe  matten 
is  alwayi  better  than  id  the  thick  juice,  Bj  the  aeparation  of  the  sjrup  from  the 
afl«r  ^i}diict8,  which  ena  be  easilj  effected  irith  the  impioved  machiaet7  of  the 
(ketone*,  b  similar  propoitioD  betvBaa  the  angar  and  non-saccharine  matters  is  at- 
tainad  in  them.  Thus,  >f  snch  after  products  be  dissolved  id  the  thick  juice,  not  only 
i«  its  quality  not  imp^red,  but  it  is  even  improTed,  becauie  the  relation  of  the  con- 
stituents of  the  thick  juice  is  improTed.and  more  of  the  Bnt  product  can  be  obtained 
(ioni  a  Bimibu  nmoont  of  the  thick  juice,  and  almost  all  the  after  products  can  be 
GOaveited  into  the  more  valnable  article. 

This  operatioa  is  called  the  incorporatioa.  In  Cairying  it  out  the  juice  is  not 
srapomted  lo  the  degree  of  concentration  given  above,  but  is  removed  earlier. 
Eoongh  after  product  is  then  dimclTsd  in  the  juice  to  make  the  solution  indicate 
W  on  the  aacchaiomater,  aod  it  is  then  enbjected  to  the  second  fllCratioa.  The  char- 
ooal  by  thie  method  removes  Qon-sacchariBe  matters  not  only  from  the  juice,  but  also 
from  the  added  after  products,  sad  the  effect  is  a  more  complete  clsiiflcatiDn. 

The  boiling  apparatus  used  in  the  operatioa  ie  essentially  the  same  as  the  laat 
body  of  the  Billieux  apparatus  for  evaporation ;  bnt  as  the  amount  of  tbe  clear  liquor 
to  be  reduced  by  boilinf;  is  always  mnch  lesii  than  chat  of  the  thin  juicr,  the  apparatus 
!•  not  eo  large,  and  instead  of  being  cylindrical,  it  is  rather  round,  or  the  upper  part 
ia  a^erical  and  tbe  lower  part  flat. 

Howaid'e  evaporating  pan,  as  represented  by  Sg.  822,  consists  of  a  copper  pan 

!■  a),  fitted  with  a  jacket  (a  a)  aod  a  dome  (c  c).  Intarnally  is  fitted  a  coil  of  p^ 
odd)  through  which  steam  can  be  pasecd.  entering  through  the  valve  (r),  traversing 
tlM  eopper  coil  (d),  and  filling  the  eleom  jackeL    To  the  top  of  tlie  dome  is  flttcd  a 


D  cheat  (a),  connected  by  means  of  a  pipe  (n)  with  the  receiver  (■),  in 
I  sav  partides  of  the  juice  carried  ovrr  bj  tJie  steam  are  coUeded.  The  vapour 
giT^offiaeondenBeil  by  jets  of  cold  water,  and  by  means  of  a  powerful  ur  pumps 
Mdaeed  barometric  prcssnre  is  maintained  within  the  pan  during  the  whole  operation. 
""  'ioDor  to  be  evaporated  is  suppiied  from  the  measure  dsteni  (l),  Ihtimgh  the  tap 
In  til*  done  of  the  pan  are  fitted  a  tJiermometer  (i),  a  vacuum  gauge  (k),  and  an 
.11 
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The  Effluent  Water. — In  all  parts  of  the  mannfactoiy  fool  water  ib  prodneed,  ladan 
with  more  or  less  organic  and  fermentable  substances.  When  this  is  allowed  to  mn  into 
the  streams  and  ditches  it  supports  the  growth  of  a  large  quantity  of  slimy  alga. 
One  of  these,  the  Beggiatoa  aJha^  has  the  property  of  decomposing  the  sulphates^  wludi 
are  present  in  all  wati^rs,  with  the  liberation  of  sulphuretted  hydrogen,  killing  the  lldi 
and  giving  rise  to  foul  smells.  If  there  be  meadow  land  in  the  neighbourhood  of  the 
manufactory,  the  injury  to  the  streams  may  be  avoided  by  using  the  effluent  water  ior 
the  irrigation  of  the  land,  and  thus  purifying  it  before  it  flows  into  the  waterooarses. 
Where  there  are  no  meadows  an  artificial  disinfection  has  to  be  effected. 

Suvem's  disinfectant  consists  of  milk  of  lime  prepared  by  slaking  100  parts  of 
lime  with  water,  and  during  the  effervescence  adding  ^\  parts  of  ooal  tar  and  15  to 
20  parts  of  magnesium  chloride.  This  milky  mass  is  allowed  to  flow  in  a  thin  stream 
into  a  narrow  canal  through  which  the  whole  of  the  foul  water  from  the  fiurtoiy  flows. 
When  the  turbid  water  and  milk  of  lime  meet»  a  flocculent  precipitate  is  formed.  The 
water  passes  through  a  canal  100  to  150  ft.  long,  and  through  two  large  basins  soe- 
cessively ;  in  the  second  basin  the  deposit  of  the  precipitate  is  completed,  and  the 
water  flows  from  thence  clear.  The  admtion  of  the  milk  of  lime  must  be  so  regulated 
that  the  effluent  water  has  a  distinctly  alkaline  reaction.  Through  the  addition  of  the 
lime  dissolved  matters  are  precipitated  in  an  insoluble  form,  the  precipitate  oairief 
down  mechanically  all  suspended  matters,  together  with  organic  germs,  whilst  the 
alkalinity  of  the  water  destroys  all  vegetation  of  the  lower  organisms.  The  water  is 
thus  at  a  small  cost  sufficiently  purifled  to  be  allowed  to  run  into  the  streams  without 
iiyuring  them.  Whether  the  coeX  tar  and  magnesium  chloride  are  necessary  is  very 
questionable;  probably  pure  lime  is  sufficient  The  precipitate  obtained  by  this 
method  in  three  different  factories  in  Saxony  had  the  following  composition  (Stoh- 
mann): — 

Phosphoric  acid 0*87  0*18  0-SO 

Nitrogen 0*12  0*16  0*09 

Potash 0*28  0*21  0*06 

Lime 6*28  9*17  6*56 

Alumina  and  ferric  oxide    ....  2*64  2*40  1-87 

Sand  and  earth 26*05  24*29  10*64 

Water 56*98  55*15  75*69 

Magnesia,  carbonic  dioxide,  chlorine,  etc  7*38  8*44  5*39 

The  disinfection  scum  may  be  advantageously  incorporated  with  the  compost 
previously  described,  the  quality  of  which  should  be  improved  by  the  lime  it  containi. 

SnoAB  RsFiirmG. — Neither  the  cane  sugar  from  the  plantations  nor  that  pre- 
pared firom  beet  comes  in  any  considerable  quantity  directly  into  consumption ;  bj 
far  the  greater  portion  is  worked  up  again  in  special  establishments,  the  Kefineries, 
and  converted  into  a  purer  white  product. 

The  object  of  the  refining  is  to  remove  from  the  sugar  mechanical  impurities,  such 
as  sand,  earth,  splinters  from  the  casks  and  chests  in  which  the  sugar  was  packed, 
particles  of  crushed  cane,  colouring  materials,  uncrystallisable  sugar,  and  albumin ; 
different  salts,  such  as  potassium  chloride  and  nitrate,  sodium  chloride,  calcium  carbo- 
nate, phosphate  and  malate,  and  magnesium  phosphate.  In  sugar  from  the  tropics, 
free  acids  are  present,  such  as  malic  acid,  pectic  acid,  acetic  acid,  and  lactic  acid,  the 
two  latter  being  products  of  fermentation,  which  easily  takes  place  in  these  kinds  of 
sugar  in  the  stores  or  on  board  ship,  and  these  acids  give  rise  to  the  formation  of 
grape  and  fruit  sugar.  In  beet  sugar  these  changes  do  not  take  place,  if  tJie  juice  be 
kept  alkaline  during  the  working ;  on  the  other  hand,  there  is  always  then  a  residue 
of  sugar  lime. 

In  establishing  a  refinery,  it  is  necessary  to  secure  a  sufficient  supply  of  the  pnrert 
possible  soft  water;  it  should  also  be  within  reach  of  good  and  cheap  fuel. 

Formerly  the  value  of  cane  sugar  was  judged  exclusively  by  external  characters: 
the  form  of  the  crystal,  the  grain,  the  colour,  and  the  smell.  This  however  no  l(H]ger 
suffices,  and  the  amount  of  pure  sugar  is  now  accurately  determined  by  the  sacdiaro- 
meter,  as  well  as  the  amount  of  moisture  and  non-crystallisable  sugar.  Only  with  a 
knowledge  of  the  sugar  contents,  and  of  the  proportion  between  the  crystallisable  and 
non-crystal li sable  sugar,  is  it  possible  to  make  an  accurate  estimate  of  the  yield  to  Iw 
expected. 

The  bettor  qualities  of  cane  sugar  have  well  formed,  distinct  crystals,  and  a  close 
grain ;  they  are  white  or  of  light  yellow  colour,  and  feel  hard  and  dry  (soft  white  sugars 
are  imperfectly  freed  from  syrup).  They  should  not  have  an  acid  reaction,  for  that 
indicates  partial  decomposition  ;  on  the  other  hand,  a  strong  alkaline  reaction  is  not 
desirable,  as  it  would  be  due  to  a  great  excess  of  sugar  lime. 

Oenerally  the  colonial  sugar,  prepared  from  juice  containing  grape  sugar,  and  dilh 
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sated  without  an  excess  of  lime,  is  more  or  less  altered  during  transport,  and  it  feels 
sticky  to  the  touch;  it  has  then  less  grain,  forming  smaller  crystals  than  beet  sugar. 
Beet  sugar,  if  well  prepared,  if  not  over  boiled,  or  too  rapidly  crystallised,  and  con* 
wqnently  containing  too  much  fi^rrup,  is  easily  refined,  and  gives  a  high  yield  of  white 
*ane  sugar.  It  is  therefore  preferred  to  the  colonial  sugar,  except  that  of  the  best 
qualities,  notwithstanding  that  the  syrup  obtained  as  a  by-product  from  the  latter  is 
noze  easily  disposed  of. 

As  the  sugar  refiner  is  compelled,  in  order  to  meet  his  requirements,  to  purchase 
ngar  of  the  most  diverse  qualities,  care  has  to  be  taken  to  assort  it  immediately  upon 
ita  reception,  so  that  afterwards  it  may  be  woriced  up  either  with  sugar  of  the  same 
ynalitr  only,  or  with  a  suitable  mixture  of  difierent  qualities.  Thus  colonial  sugar  is 
sometimes  mixed  with  beet  sugar,  in  order  to  neutralise  the  alkalinity  and  the  dis- 
agreeable smell  of  the  latter  with  the  acidity  and  better  aroma  of  the  former. 

The  whiter  kinds  of  colonial  sugars  are  usually  reserved,  in  order  to  use  their  solu- 
tion fbt  liquoring  the  refined  sugar ;  they  are  seldom  refined,  being  sought  for,  for  the 
preparation  of  the  finer  products.  On  the  other  hand,  they  are  often  used  for  the  pre- 
paration of  finiit  syrups,  confectionery,  etc.  The  finest  beet  sugar,  containing  98  per 
sent,  of  sugar,  is  also  used  for  the  finishing  of  the  sjrrup. 

The  reining  includes  the  following  operations :  the  storing  of  the  cane  sugar,  the 
emp^ing  of  the  casks  or  running  of  the  sugar,  the  solution  or  melting  and  clearing, 
the  filtration,  the  boiling,  the  crystallisation,  the  draining  of  the  syrup  and  claying, 
the  drying,  and  finally  the  treatment  of  the  syrup. 

Storage, — ^The  sugar  is  brought  at  once  into  an  airy,  dry  room,  the  well-boarded  or 
oemented  fikxMT  of  which  slopes  to  one  side,  so  that  the  syrup  draining  from  the  sacks 
or  casks  flows  off  into  a  reservoir.  The  casks  are  piled  upon  one  another  according  to 
their  siae,  care  being  taken  that  the  best  and  strongest  casks  are  underneath. 

At  the  commencement  of  the  refining  the  casks  are  emptied  near  to  the  solution 
apparatus,  the  thick  hard  pieces  which  always  occur  being  picked  out  and  broken  up 
by  themselves.  A  certain  quantity  of  sugar  always  remains  adherent  to  the  side  of  the 
cask,  and  this  is  best  recovered  by  solution  in  condensed  steam.  For  this  purpose  a 
hoQow  brickwork  chamber  corresponding  to  the  size  of  the  cask  is  provided,  which  is 
lined  with  copper,  and  has  a  steam  pipe  in  the  centre.  The  cask  is  placed  bottom 
upwards  over  the  steam  pipe,  and  an  iron  bell  hanging  from  a  pulley  is  then  let 
down  over  the  cask.  Upon  opening  the  steam  pipe,  the  cask  is  filled  with  steam, 
which  condenses  upon  the  cold  sides ;  the  water  dissolves  out  the  sugar,  and  the  syrup 
collects  at  the  bottom  of  the  chamber.  The  wood  of  the  cask  is  softened  h^  the 
■teaminff  out,  and  after  the  removal  of  the  bell,  it  is  in  a  suitable  state  for  repairing, 
re-hooping,  etc 

The  sugar  emptied  from  the  casks  is  thrown  upon  a  sieve,  and  the  lumps  that  do 
not  pass  through  are  broken  up  between  a  pair  of  toothed  cylinders,  or  a  suitable  mill. 

Mdtmg  and  Clarification, — The  clarification  or  separation  of  all  mechanical  im- 
purities and  a  portion  of  the  dissolved  foreign  matters  from  the  syrup  obtained  by 
dissolving  the  sugar,  is  effected  by  means  of  finely  powdered  animal  charcoal  and  a 
solution  of  albumin.  The  albimiin  being  added  to  the  syrup  at  a  low  temperature 
is  distributed  through  it  equally ;  upon  heating  the  syrup,  the  albumin  coagulates 
in  flocks,  which  enclose  within  them  the  foreign  matters  and  the  mechanical  im- 
purities, as  well  as  the  animal  charcoal  that  has  been  added.  When  a  sour  colonial 
sugar  is  being  worked,  sufBcient  milk  of  lime  is  added  at  the  same  time  to  give  it  a 
very  fiEunt  alfsdinitv.  But  this  is  avoided  when  possible,  and  it  is  preferred  to  work 
a  mixture  of  colonial  and  beet  sugars,  so  as  to  neutralise  the  acidity  of  the  one  with 
the  alkalinity  of  the  other. 

Generally  the  albuminous  liquor  used  is  the  blood  of  cattle  and  sheep,  from  which 
the  flbrin  has  been  separated  bv  beating  it  with  rods  immediately  after  the  slaughter 
if  the  beasts.  It  is  jpreserved  m  sulphured  vessels,  or  with  an  addition  of  sulphurous 
acid  or  sodium  sulphite.  In  consequence  of  the  rapidity  with  which  blood  commences 
to  putrefy,  and  the  unbearable  stink  thus  produced,  ita  use  is  very  offensive,  but  the 
iiae  of  a  small  quantity  of  sulphurous  acid  retards  the  process  of  decomposition  con- 
fliderably.  Kobierre  and  Bureau  recommend  that  the  blood  should  be  mixed  with 
double  its  weight  of  animal  charcoal  and  dried  at  a  low  temperature,  preferably  in  a 
current  of  air  heated  to  not  above  55^.  In  this  dried  condition  the  blood  can  be 
preserved,  and  its  action  is  equal  to  that  of  the  fresh.  Blood  dried  without  the  addi- 
tion of  charcoal  is  at  present  a  commercial  article,  but  its  use  in  this  form  would  pro- 
bablv  be  too  expensive. 

in  many  refineries  the  use  of  blood  has  been  either  entirely  given  up  or  limited  to 
the  working  of  specially  slimy  sugars.  The  clarification  is  then  replaced  by  a  propor- 
tioD^y  more  canftil  treatment  of  the  filters. 
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The  clarifying  pans  hare  generally  the  same  oonstraction  as  the  defecation  pans  of 
the  beet-sugar  manufacture.  Thej  are  placed  sufficiently  high  to  allow  the  syrap  to 
run  from  them  directly  into  the  filters.  The  water  for  effecting  the  solution,  about 
50  parts  of  water  to  100  parts  of  sugar,  is  run  into  the  clarifying  pan  and  heated. 
The  sugar  is  then  shovelled  in,  and  the  first  melting  is  effected  with  continoal 
stirring;  powdered  animal  charcoal  is  added  in  the  proportion  of  5  parts  to  100 
parts  of  sugar,  and  by  vigorous  agitation  distributed  througnout  the  entire  liquid.  To 
the  lukewarm  juice  is  then  added  1  to  2  parts  of  blood  that  has  previously  been  mixed 
with  five  or  six  times  its  volume  of  water ;  the  whole  is  again  well  stirred  and  then 
boiled.  When  the  black  coating  of  scum  is  broken  through  by  white  bubbles  it  is  an 
indication  that  the  clarification  is  effected.  The  liquor  is  next  cleaned  from,  scum  by 
a  first  filtration,  the  turbid  portion  first  fiowing  off  being  returned  to  the  filter,  and 
the  clear  liquid  passes  to  the  charcoal  filter. 

Filtration.— Aa  preliminary  filters  the  old  Taylors  filters  are  generaUy  used. 
They  consist  of  strong  wooden  copper-lined  chests,  3  to  6  feet  square  and  20  inches 
high.  The  front  side  is  formed  of  a  door.  Over  this  is  a  still  larger  chest,  also  of 
wood  and  copper  lined,  but  only  6  inches  high.  In  the  bottom  of  this  24  copperpipes 
are  fitted  into  as  many  holes,  about  2  inches  in  diameter.  The  pipes  are  sufficiently 
long  to  project  an  inch  or  two  into  the  under  chest.  At  the  lower  end  is  a  rim,  and 
above  this  a  ring  opening  with  a  hinge  and  tightened  by  a  screw ;  by  means  of  these 
rings  the  filtering  bags  are  fastened  to  the  pipes.  The  filtering  bags  are  made  of  linen, 
and  are  40  inches  long  and  20  inches  in  diameter ;  each  of  these  is  enclosed  in  a 
second  bag  8  inches  in  diameter,  but  of  loose  texture.  By  thus  putting  a  broad  into 
a  narrow  bag  numerous  folds  are  formed,  and  the  filtering  surface  correspondingly 
increased. 

The  juice  with  the  scum  flows  from  the  clarifying  pan  into  the  upper  chest,  and 
from  this  through  the  short  pipes  into  the  bags  fastened  to  them,  in  which  the  scum 
is  retained ;  from  these  it  passes  through  a  pipe  fixed  in  the  bottom  of  the  lower  chest 
into  a  trough  by  which  it  is  conducted  away.  As  the  removal  of  the  slime  frx>m  the 
filter  is  a  rather  difficult  operation,  the  filtration  in  many  refineries  is  reversed ;  in- 
stead of  filtering  from  the  inside  to  the  outside^  the  filtration  is  effected  from  the  out- 
side to  the  interior,  so  that  the  slime  is  retained  in  the  spaces  between  the  filters. 

Another  method  is  to  use  a  rectangular  copper-lined  wooden  chest,  open  above,  40 
inches  wide,  52  inches  long,  and  80  inches  deep.  The  chest  is  provided  with  a  false 
bottom,  in  which  are  a  series  of  wide  openings  having  copper  pipes  as  in  Taylor's 
filter,  but  in  the  reverse  direction,  so  that  they  project  upwards.  Below  the  false 
bottom  is  the  proper  one,  from  which  the  filtered  liquid  is  run  off  by  means  of  a  tap 
The  filtering  bags  are  fastened  to  the  copper  bags  with  their  mouths  opening  down- 
wards, a  strong  bent  wire  being  previously  placed  iu  them  to  keep  their  sides  apart. 
The  separate  bags  are  supported  by  cross  pieces  fastened  to  the  sides  of  the  chest 
The  syrup  to  be  filtered  is  run  into  the  chest,  when  the  slime  remains  between  the 
separate  bags,  whilst  the  clear  liquor  enters  them  and  fiows  off  through  the  pipes. 
The  slime  can  then  be  easily  removed  from  between  the  bags,  especially  if  the  pipes 
are  unscrewed  and  the  bags  lifted  out.  In  continual  working  this  is  only  necessary 
when  the  entire  chest  is  filled  with  slime.  The  residue  is  stirred  up  with  water  and 
boiled ;  the  liquor  is  afterwards  uUowed  to  settle,  and  when  clear  is  drawn  off  and 
replaced  by  fresh  water,  and  tliis  is  repeated  until  it  no  longer  takes  up  much  sugar. 
The  wash  water  containing  sugar  in  solution  is  used  instead  of  water  to  dissolve  a 
fresh  quantity  of  sugar.  The  slime  is  finally  pressed  and  sent  to  the  manure  fsctoiy, 
where  by  treatment  with  sulphuric  acid  it  yields  a  nitrogenous  superphosphate. 

The  preliminary  filtnition  has  for  its  object  to  save  the  charcoal  filters,  and  to 
separate  the  matters  mechanically  retained  in  the  coagulated  albumin.  The  hotsyn^ 
fiows  directly  from  the  preliminary  filter  on  to  the  real  filter,  which  is  arranged  exabctlj 
as  described  under  the  beet-sug;ir  manufacture.  Generally  two  filters  are  used  to- 
gether, the  syrup  passing  from  one  to  the  other,  and  a  filter  being  used  as  long  as  the 
syrup  passes  from  it  perfectly  colourless. 

When  foul  the  filter  is  cleansed  with  boiling  water ;  the  first  liquor,  so  long  as  it 
is  sufficiently  concentrated,  being  added  to  the  other  syrup,  and  the  more  dilute  liqoor 
is  used  like  the  wash  water  from  tlie  preliminary  filter  for  dissolving  fresh  sugar.  As 
the  charcoal  of  the  refinery  takes  up  far  less  foreign  matters,  its  revivification  is  much 
more  simple.  When  the  water  fiows  from  the  filter  pure,  the  charcoal  is  steamed  io 
the  filter  itself,  dried,  and  then  brought  to  a  red  heat.  After  a  time,  a  considerabls 
quantity  of  lime  salts  accumulates,  and  n  treatment  with  acid  is  necessary. 

Boiling. — In  the  boiling  of  the  syrup,  vacuum  apparatus  similar  in  construction  to 
those  used  in  the  boiling  of  the  thick  juice  in  the  cane-sugar  manufacture  are  now 
used  probably  without  exception.  As  in  sugar  refineries  they  have  to  do  with  neazly 
pure  sugar  solution,  it  is  boiled  until  it  commencen  to  grain,  and  the  crystallisatl'^n  i!« 
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illowed  to  begin  in  the  vacuum  pan.  The  finished  syrup  is  then  brought  into 
the  heater,  and  \b  there  heated  to  80^,  in  ordor  to  melt  the  greater  part  of 
the  small  crystals,  the  sugar  from  which  runs  between  the  larger  crystals  and 
brms  a  combination  between  them.  The  heater  is  usually  sufficiently  large  to  unite 
in  it  several  fillings  of  the  vacuum  pan,  and  by  their  mixing  these  yield  a  large 
quantity  of  uniform  products.  After  sufficient  heating  the  steam  is  tumeid  off  in  order 
to  allow  the  crystallisation  to  proceed.  By  repeated  stirring  the  formation  of  a  con- 
glomeration of  crystals  is  prevented,  and  the  granulation  made  uniform. 

2^  FiUmg, — Usually  the  heater  stands  in  the  filling  room,  for  convenience  in 
(LlliDg  the  forms.  A  spacious  trough  runs  through  the  wall  of  the  filling  room  from 
the  vacuum  pnn  to  the  heater,  and  the  syrup  flows  immediately  from  one  to  the 
>ther.  The  filling  room  is  a  large  chamber,  with  a  well-boarded  level  floor,  so  that 
anj  sugar  spilt  may  be  easily  collected,  and  that  the  moulds  may  stand  up  regularly. 

The  following  utensils  are  here  used : — 

Filling  basins,  for  the  removal  of  the  syrup  from  the  heater  to  the  forms.  These 
are  round  or  oval  copper  fiat-bottomed  basins  with  wide  spouts,  provided  with  iron 
handles  for  convenient  transport. 

Large  copper  hemispherical  ladles,  10  inches  in  diameter,  provided  with  long 
bandies  These  are  used  for  the  removal  of  the  syrup  from  the  heater  into  the  filling 
basins.  Spatulas  or  stirring  knives,  for  stirring  the  syrup  in  the  forms.  These  are 
of  beech-wood,  4  feet  long,  tlie  upper  third  forming  the  round  handle ;  the  spatula 
itself  is  knife-shaped,  sharponod  on  both  sides,  1^  inches  wide,  and  f  inch  thick. 

The  moulds  have  the  well-known  conical  shape  of  the  sugar  loaf.  Formerly  the 
moulds  were  generally  made  of  burnt  unglazed  earth,  protected  from  breaking  by 
wooden  hoops ;  at  the  present  time  these  have  been  entirely  replaced  by  moulds  made 
of  sheet  iron.  At  the  apex  of  the  mould  there  is  a  small  opening  through  which  the 
gyrap  can  drain  awav.  To  protect  them  from  rusting,  the  moulds  are  coated  with  oil 
eoikmr  and  varnished  with  a  good  siccative.  As  soon  as  the  coat  becomes  injured 
at  any  part  it  must  be  renewed,  as  otherwise  the  sugar  would  be  injured  by  rust,  and 
moreover  it  would  adhere  to  the  mould. 

The  size  of  the  moulds  varies  exceedingly,  being  infiuenced  by  the  custom  of  the 
comramer  and  the  quality  of  the  product.  For  the  finer  kinds  of  refined  sugar  the 
smaller  are  used ;  for  those  prepared  from  Uie  after  products  the  larger  ones  are 
taken. 

Befbie  the  filling  of  the  moulds  the  opening  in  the  head  is  stopped  up  with  a  plug 
of  linen  lag,  and  the  inner  surface  is  wiped  with  a  damp  sponge,  the  moisture  remain- 
ing firom  which  prevents  the  close  adherence  of  the  crystals  to  the  side.  The  moulds 
are  then  placed  upright,  with  the  wide  end  upwards,  side  by.  side  and  resting  against 
each  other,  the  outside  now  being  prevented  from  falling  by  an  equal  number  of  heavy 
east-iron  moulds  standing  on  their  broad  bases. 

During  the  filling  of  the  moulds  the  syrup  is  carefully  stirred  with  a  large  spatula 
in  order  to  distribute  equally  the  large  crystals  that  may  have  sunk  to  the  bottom. 
The  filling  basin  is  placed  on  an  iron  stand  close  by  the  side  of  the  heater,  so  that  its 
apper  brim  is  on  a  level  with  the  brim  of  the  heater,  and  filled  with  the  ladle  ;  it  is 
then  carried  to  the  mould  and  emptied,  so  that  at  first  the  moulds  are  only  half  filled. 
Whc'n  this  is  completed  they  are  filled  in  the  same  order  to  within  \  inch  of  the  brim. 
This  filling  is  carefully  performed  in  two,  or  frequently  three,  operations,  in  order  to 
distribute  uniformly  through  the  whole  of  the  moulds  the  crvstals,  which  continue 
to  form  in  the  heates  during  its  emptying ;  otherwise  the  moulds  would  contain  sugar 
of  different  grains. 

A  short  time  after  the  filling  the  mass  becomes  covered  with  a  crust  of  crystals. 
This  is  the  time  chosen  for  the  first  stirring,  the  object  being  to  raise  the  large  crystals 
that  have  sunk  through  the  still  soft  mass  into  the  head  of  the  mould  and  distribute 
them  equally.  This  is  done  by  thrusting  the  spatula  into  the  sugar  with  its  flat  side 
against  the  side  of  the  mould,  and  then  drawing  it  rapidly  in  a  perpendicular  position 
upwards  towards  the  centre.  This  is  repeated  several  times,  taking  care  to  stir  the 
sugar  in  a  diflbrent  place  each  time,  in  or<1er  to  carry  into  the  middle  the  crystals  that 
are  deposited  by  more  rapid  cooling  on  the  sides.  The  right  time  for  stirring  must  be 
earefnUy  judgea,  as  if  it  takes  place  whilst  the  mass  is  still  too  hot  the  grains  again 
sink  down  through  the  thin  liquor ;  whilst  if  it  bo  cfiectod  too  late  a  striped  loaf  is 
the  result  through  the  unequal  distribution  of  the  granules.  A  short  time  after  the  first 
stirring  the  spatula  is  again  drawn  through  the  mass  twice. 

The  temperature  of  the  filling  room  should  be  kept  as  uniform  as  possible  between 
W*  and  35^,  so  as  to  avoid  too  rapid  cooling  of  the  forms.  Alxive  all  strong  draughts 
xmist  be  prevented,  as  these  cause  an  unequal  cooling,  and  consequently  an  unequal 
crystallisation. 
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Tli0  farther  opeiatioiis  are  carried  on  in  the  sugar  iloon,  whidi  ooeapj  the  vpgm 
part  of  a  refinery.  They  are  large  rooms,  not  more  than  6  feet  high,  in  order  to 
economize  space  and  heating  material,  and  well  floored  and  well  lighted.  The  neccanaiy 
heating  is  effected  by  steam  circulating  through  iron  or  copper  pipes,  arranged  round 
the  walls.    Direct  heating  by  ovens  is  no  longer  adopted  in  well-arranged  r^neriesw 

Formerly,  each  mould  was  placed  to  dnun  separately  on  the  floor  in  a  pot,  hoi 
this  inconvenient  arrangement  has  been  substituted  by  placing  them  on  a  shelf,  per- 
forated with  holes  of  sufficient  diameter  to  receive  the  pomts  of  the  moulds,  the  uppet 
part  being  supported  by  a  frame.  Below  the  perforated  shelf  is  a  rinc-lined  Amnel, 
from  which  the  syrup  runs  off  through  a  pipe  into  a  trough,  and  is  oondnetad  away. 
The  trough  is  movable,  so  that,  according  to  the  quality  of  the  syrap,  it  can  be  eoo- 
neeted  with  special  piping  communicating  with  different  reservoirs.  Each  stand 
holds  two  or  three  rows  of  moulds,  so  that  they  can  easily  be  reached,  and  betwew 
each  stand  is  a  gangway  sufficiently  wide  for  a  man  to  pass.  A  still  better  arrange- 
ment is  for  the  holefi  in  the  shelves  to  be  larger,  so  that  the  moulds  hang  by  their 
broader  ends ;  the  head  of  the  moulds  and  the  draining  of  the  syrup  can  then  be  more 
conveniently  watched. 

The  filled  moulds  remain  in  the  filling  room  eight  to  twelve  hoozs,  and  are  then 
removed  to  the  floor,  being  raised  in  a  frame  by  means  of  a  lift  •  Arrived  at  the  floor, 
the  plug  is  removed  from  the  head  of  the  mould,  and  a  small  hole  is  bored  in  the  head 
of  the  loaf  with  an  awl,  to  &cilitate  the  running  off  of  the  syrup.  The  temperature 
of  the  floor  is  maintained  at  25*^  to  28**. 

The  still  fluid  portion  of  the  sugar,  the  syrup,  drains  slowly  from  the  opened 
mould,  and  in  about  twelve  hours  the  upper  layer  of  the  sugar  appears  white  and  diy. 
The  draining  lasts  six  or  seven  days  longer,  during  which  time  8  to  11  lbs.  of  green 
syrup  will  drain  from  a  large  sugar  loaf,  weighing  38  to  36  lbs.  The  temperature 
of  the  floor  is  then  moderated  to  20^,  and  the  Hquoring,  or  displacement  of  the  sjmp 
with  pure  sugar  solution  commenced. 

By  means  of  a  scraper  the  top  layer  of  sngar  is  flrst  removed,  in  order  to  give  to 
the  loaf  a  smooth  base,  it  having  become  uneven  through  the  stirring  and  unequal 
solidification. 

The  scraped  sugar  is  then  made  quite  level  on  the  surfSace,  and  a  further  covering 
of  pure  ground  sugar  or  white  well-clayed  colonial  sugar  given  to  it :  this  is  beaten 
close  by  means  of  a  wooden  hammer. 

The  liquoring  or  claying  ia  carried  out  in  difierent  ways.  The  oldest  method, 
and  that  from  which  it  derived  its  name,  claying,  is  by  means  of  clay.  A  paste  of 
clay  and  water  is  spread  upon  the  levelled  base  of  the  loaf  covered  with  loose  sugar; 
the  water  gradually  drains  from  the  clay,  and  forms  with  the  loose  sugar  a  saturated 
solution  that  passes  through  the  loaf  displacing  the  impure  S3rrup;  the  pure  sugar  is 
left  undissolved,  the  sugar  solution  being  a  completely  saturated  one  b^ore  it  enters 
the  loaf  itself 

The  clay  used  must  possess  a  certain  capability  of  taking  up  water,  and  be  neither 
too  fat  nor  too  lean.    In  the  former  case  it  would  retain  the  water  too  long  and  thus 
protract  the  operation,  whilst  in  the  latter  the  water  would  drain  away  too  rapidly. 
Usually  a  white  pipe  clay  is  used,  but  the  colour  is  quite  immaterial,  and  a  yellow  or 
blue  clay  answers  as  well.    One  thing  is  essential  however;  it  should  not  contain  anj 
soluble  iron  salts,  pyrites,  or  soluble  organic  matters,  as  these  would  colour  the  sugar, 
the  pyrites  would  become  partly  oxidised  during  the  claying,  and  the  sugar  would  be 
percolated  by  a  syrup  containing  sulphuric  acid  and  ferric  sulphate.    The  raw  clay  is 
first  dried,  the  lumps  broken  up,  suspended  in  water  and  washed.     The  mud  is  passed 
through  a  fine  sieve  to  remove  sand ;  it  is  then  allowed  to  settle  and  the  supernatant 
water  separated.    The  paste  is  again  stirred  up  with  fresh  water  several  times,  the 
liquor  being  separated  each  time.    The  prepared  paste  should  form  a  mud  of  tolerable 
consistency ;  the  exact  consistency  is  recognised  by  an  empirical  sign.    A  portion  if 
taken  from  the  mass  upon  a  trowel,  and  thrown  back  by  a  vigorous  movement  upon 
the  mass,  into  which  it  ought  not  to  sink  directly  but  form  on  it  a  slight  prominence. 
Enough  of  this  paste  is  placed  on  the  levelled  base  of  the  loaf  to  form  a  layer  aboat 
1  \  inch  thick.    As  before  mentioned,  this  paste  parts  with  its  water,  which  passee 
through  the  sugar,  and  after  a  time  the  clay  remains  as  an  almost  dry  covering  on  the 
sugar.     Should  the  syrup  not  drain  off  from  the  sugar  sufficiently  rapidly,  and  the 
clay  consequently  not  remain  moist  sufficiently  lone,  Uie  operation  can  be  hastened  hj 
boring  a  larger  hole  in  the  apex  of  the  loaf.    OrcUnarilv  for  the  medium-sized  lotf 
seven  or  eight  days  are  required.    According  to  the  quality  of  the  product  desired  the 
claying  is  repeated  two  or  three  times,  the  dried  layer  of  clay  being  removed  and  re- 
placed by  a  fresh  one.     The  syrups  draining  off  are  known  as  first,  second,  and  third 
svrups.    With  good  sugars,  as  n  rule,  two  layers  are  sufficient.     In  order  to  aseerttin 
tnis,  some  moulds  are  emptied  by  st-andinp"  the  loaves  upon  their  broad  banoo,  and 
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knocking  them  gently  upon  the  floor;  the  mould  seiai'ates  and  it  can  be  lifted 
off.  Should  the  loaf  proTe  to  be  unequal  in  coloar,  the  apex  being  still  yellow,  it  is  a 
mgn  that  it  still  retains  syrup,  and  it  is  subjected  to  another  claying. 

About  the  fourth  day  after  the  claying,  a  knife  is  passed  between  the  side  of  the 
form  and  the  clay  in  order  to  prevent  adherence  ;  otherwise,  since  the  clay  shrinks  in 
drying,  it  would  split  and  form  an  imperfect  cover.  Too  sudden  changes  of  tempera- 
ture and  especially  draughts  are  to  be  avoided,  as  these  also  arc  likely  to  cause  the 
splitting  of  the  clay.  After  the  green  syrup  has  drained  off,  the  temperature  of  the 
floor  is  moderated  in  order  to  dissolve  as  little  sugar  as  possible. 

After  the  claying  is  finished,  the  loaf  is  laid  in  a  horizontal  position  and  the  clay 
removed  by  a  lathe,  which  clears  and  levels  the  broad  end  of  the  loaf  At  the  same 
time  the  loaf  is  loosened,  but  is  still  left  in  the  mould  while  a  little  morf"  syrup  runs 
away.  When  no  more  syrup  civn  be  removed,  in  order  to  distribute  any  remaining? 
equally  through  the  loaf,  it  is  reversed  and  allowed  to  stand  on  its  base  still 
covered  with  the  mould,  for  twenty-four  hours.  It  is  then  restored  to  its  origirml 
position,  and  in  two  or  three  days  again  reversed.  After  twenty-four  hours  the 
mould  is  lifted  off,  and  the  loif  is  dried,  first  during  a  day  in  the  open  air,  and  then 
in  the  drying  oven,  being  previously  covered  w.th  sheets  of  paper  to  protect  it  from 
dusts  and  smuts. 

Although  clay,  on  accrnmt  of  the  gradual  and  uniform  way  in  which  it  gives  up  its 
water,  forms  the  best  c  jvor,  it  is  nor  now  used  on  ace  )unt  of  the  time  required,  and  a 
solution  of  pure  sugar  is  substituted  in  it»  place.  This  is  prepared  by  making  a  saturated 
solution  of  sugar  of  the  same  quality  as  that  required,  at  the  temperature  of  the  room. 
For  this  the  scrapings  and  broken  loaves  are  mostly  used,  or  the  white  colonial  sugar. 
When  these  latter  are  used  the  syrup  is  first  passed  through  the  charcoal  filter,  to 
remove  any  impurities  present.  In  the  preparation  of  the  syrup,  the  quality  of  the 
product  and  the  stage  of  its  manufacture  have  to  be  considered.  It  would  be  wasteful 
to  use  the  finest  syrup  for  an  ordinary  product ;  as  it  would  also  be  for  a  fine  loaf 
which  had  only  been  drained  of  the  green  syrup.  For  the  first  liquoring  the  syrup 
from  the  second  liquoring  of  another  loaf  is  used,  and  for  the  second  liquoring  syrup 
from  a  thini  is  used,  the  fresh  syrup  being  used  for  the  third  liquoring.  Before  pour- 
ing on  the  clear  syrup  the  base  of  the  loaf  is  levelled,  sufficient  loose  sugar  bciu;radd(Mi 
to  make  it  even.  About  a  quart  of  syrup  is  used  for  each  form ;  after  a  short  time  this 
M  absorbed  and  the  operation  is  repeated  till  the  syrup  drains  away  as  clear  as  water. 

For  oidinary  goods  three  liquorings  are  usually  sufficient ;  for  the  finer  five  or  six 
ure  required,  the  successive  liquorings  being  effected  with  increasingly  clear  syrup. 
rhe  last  draining  takes  the  longest  time,  five  or  six  days  being  required.  The  further 
jreatment  is  then  the  same  as  when  clay  is  used. 

The  methods  differ  essentially  from  each  other  in  that  when  clay  is  used  the 
lymp  is  first  formed  during  the  operation  by  the  solution  of  the  loose  sugar  on  the 
wse  of  the  loaf,  whilst  by  the  other  method  the  syrup  is  specially  prepared.  The 
iqnoring  presents  the  advantage  that  the  operation  is  finished  in  seven  or  eight  days 
whilst  the  claying  requires  about  twenty-four  days.  Even  the  shorter  method  is  now 
ibbreviated  by  the  use  of  apparatus  which  removes  the  syrup  from  the  sugar. 

One  method  is  to  remove  the  syrup  by  centrifugal  power.  The  apparatus 
ued  for  this  purpose  is  shown  in  fig.  632.  The  revolving  drum  is  formed  of  two 
itrong  iron  cylinders  {a  b).  These  are  perforated  by 
lihree  rows  of  12  holes  each,  the  holes  in  the  outer 
nrlinder  being  of  a  diameter  to  fit  nnd  support 
toe  tops  of  the  forms,  and  those  in  the  inner  cylinder 
their  broad  ends.  The  outer  of  the  two  cylinders  is 
ftbont  4  feet  in  diameter,  and  the  outer  cose  {c  c)  cor- 
respondingly wider.  The  drum  being  caused  to  make 
abmit  400  revolutions  per  minute,  the  syrup  is  pro- 
jected from  the  tops  of  the  loaves,  and  runs  off  from 
the  outer  case  through  the  spout  (d).  The  draining 
of  the  syrup,  which  by  the  old  method  took  five  or 
liz  days,  is  thus  effected  in  an  hour  and  a  half. 
Laxger  machines  carry  72  moulds  and  work  up  700  or 
800  loaves  daily.    The  centrifugal  machine  however  p  '    g«2 

presents  no  advantage  over  the  extractor  apparatus ;  it 
npqnires  more  driving  power,  wears  out  more  rapidly,  and  for  an  equal  capability  of 
xrodnction  is  more  expensive  in  its  first  cost. 

The  apparatus  known  as  the  extractor  consists  of  a  system  of  horizontal  iron 
vipetf  connected  with  each  other  nnd  with  a  hermuticHlly  closed  reservoir.  Upon 
hese,  at  intervals  corresponding  with  the  breadth  of  the  moulds,  are  set  short  vertical 
jpes,  each  provided  with  a  tap  and  supporting  a  small  funnel  coated  with  caoutchouc, 

O   iV 
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the  angle  of  which  correeponcU  with  the  shape  of  the  mould.  As  soon  as  tha  sjmf 
ceases  to  flow  off  quickly,  the  moulds  are  pbiced  with  the  apex  in  the  fuimel  of  the 
apparatus,  the  corresponding  tap  is  opened,  and  a  vacuum  set  up  in  the  common 
reservoir  and  the  connected  piping  by  means  of  an  air  pump.  The  air  then  takes  the 
place  of  the  syrup  used ;  the  (uaying  penetrating  into  Uie  spaces  between  the  crystals 
and  driving  the  syrup  before  it  into  the  piping,  and  thence  into  the  reservoir.  This 
method  allows  of  a  much  more  perfect  freeing  of  the  loaves  from  green  synp  with  less 
claying ;  a  small  quantity  of  syrup  always  remains  in  this  case  aUo,  which  is  dispersed 
equally  l^  repeated  reversals  as  before  described. 

The  drying  oven,  or  stove,  is  a  space  12  to  16  feet  wide,  20to  28  feet  Ions,  and 
of  the  same  height  as  the  sugar  floor.  It  is  surrounded  by  thick  walls,  in  <nder  to 
retain  the  heat  and  prevent  variations  in  the  temperature.  The  heating  is  effected 
by  steam  pipes,  and  the  inlet  of  fresh  air  and  the  outlet  of  damp  air  is  regulated  by 
means  of  openings  in  the  floor  and  at  the  top.  The  frames  for  supporting  the  loaves 
of  sugar  are  so  arranged  as  to  admit  the  greatest  possible  number  of  loaves  into  the 
oven  at  one  time.  Each  stove  usually  accommodates  from  2,000  to  4.000  loaves,  and 
the  drying  must  be  very  carefully  watched.  At  flrst  the  temperature  is  raised  only 
slightly  above  that  of  the  room  from  which  the  loaves  have  been  removed,  and  the 
heat  is  afterwards  gradually  increased.  Were  the  heat  to  be  applied  too  rapidly,  the 
relatively  large  quantity  of  syrup  still  present  would  become  saturated  with  sugar  at 
the  higher  temperature,  and  might  melt  the  loaf.  The  stronger  heat  should  be  first 
applied  when  the  greater  part  of  the  water  of  the  syrup  has  evaporated,  and  only  a 
little  syrup  is  left.  Finally,  the  temperature  is  raised  to  50^  or  60^,  to  remove  the 
last  traces  of  water  from  the  sugar. 

The  temperature  is  regulated  by  the  opening  or  closing  of  the  steam  cocks.  The 
condition  of  the  sugar  is  ascertained  by  entering  the  oven,  and  inspecting  the  separate 
loaves.  The  drying  is  completed  when  the  loaves  give  a  clear  clang  upon  being 
struck.  During  the  drying,  all  sudden  variations  of  temperature  have  to  be  avoided; 
the  current  of  air  caused  by  the  rapid  opening  of  a  door  might  cause  the  splitting  of 
a  loaf.  For  the  same  reason  the  cooling  of  the  oven  should  be  gradual,  the  doer 
being  allowed  to  stand  open  at  last,  in  oider  to  allow  the  temperature  of  the  oven  to 
become  assimilated  to  that  of  the  sugar  floor. 

The  sugar  now  needs  a  little  cleaning  extemaUy,  spots  of  dirt  being  removed  with 
a  scraper,  and  dust  with  a  brush.  The  finished  loaf  is  then  encased  in  paper,  and  is 
ready  for  the  market. 

After  Products  op  Sugar  BKFnaNo. — The  different  syrups  of  the  refinery  are 
collectivelv  still  capable  of  crystallisation,  and  yield  upon  further  boiling  products 
which,  altnough  not  such  fine  sugar,  are  still  almost  white ;  these  are  brought  into 
commerce  onaer  the  names  of  crystallised  and  flour  sugar.  Not  only  the  syrups  are 
thus  worked  up,  but  the  ordinary  raw  sugar,  the  droppings  and  the  sweepings  of  the 
siigar  floor,  etc.  These  are  placed  with  some  added  water  in  the  clarifying  pan,  boiled 
with  inferior  charcoal,  and  filtered.  The  boiling  of  old  syrups  must  be  carefuUy 
conducted,  as  generally  they  are  in  slight  fermentation ;  they  Uierefore  contain  car- 
bonic dioxide,  which  is  driven  off  by  the  heat,  and  may  easily  cause  a  frothing  over  of 
the  hot  syrup.  In  such  case  the  froth  is  broken  by  carefully  spirting  water  into  it 
The  improved  machinery  yields  syrups  that  are  not  so  old ;  the  stronger  fermentatioo 
therefore  does  not  take  place,  and  the  frothing  over  is  avoided. 

According  to  the  quality  which  it  is  desired  to  give  to  the  after  products,  the  filr 
tration  is  more  or  less  carefully  carried  out.  For  this  purpose  the  filters  are  used 
through  which  the  syrup  has  already  passed  in  the  first  refining.  The  finer  syrupf 
are  boiled  to  granulation,  the  inferior  are  boiled  blank.  The  moulds  for  the  after 
products  are  larger  than  for  the  refined  ;  the  crystallisation  takes  a  longer  time,  ard 
the  draining  of  the  more  impure  syrup  takes  place  more  slowly.  The  sugar  is  again 
well  clayed,  in  order  to  have  the  loaf  as  equal  in  colour  as  possible.  The  loaves  are 
sometimes  yellow  or  brown  at  the  top.  These  tops  are  usually  broken  off^  and  the 
whiter  remaining  portion  broken  up  into  large  pieces  or  lumps.  The  more  cdoored 
loaves  are  ground  after  diying,  and  the  powder  sold  as  flour  sugar.  With  the  better 
secondary  products,  the  artifice  is  frequently  practised  of  boiling  them  with  a  little 
ultramarine,  by  which  the  sugar  acquires  a  faint  blue  colour  that  covers  and  is  more 
acceptable  than  its  natural  vellow  tinge. 

The  last  sjrrup  collected  in  a  large  receptacle  still  yields  a  f^irther  crystalliss- 
tion,  which,  after  being  submitted  to  the  centrifugal  action,  is  used  as  raw  sugar,  or 
after  liquoring  in  the  centrifugal  machine  is  mixed  with  flour  sugar. 

The  molasses  finally  remaining  in  the  refinery  is  always  far  superior  to  that  of 
the  sugar  manufactory.  It  can  be  directly  consumed,  or  is  sold  for  TniiH*»g  sweet 
pastry ;  it  is  sometimes  added  to  beer  worts. 

Detcription  of  a  large  Paris  R^nery.^¥ig.  633  shows  the  general  amngcmeBti 
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Id  the  pan.  Into  ths  pftn  is  iiA  taught  ,&bout  380  galloDB  p 
Dnding  qoantitj  of  tbJD  synip  obtained  by  washing  the  flJtara.  During  ths 
dimwiiig  in  of  the  sagai  Btflam  ia  lat  into  the  spiral  to  raise  the  temperature  of  the 
liqaoT  to  60°,  st  the  stune  time  tJie  itirrec  (d)  ia  aet  in  motion  bj  the  driving  wheel 


(o).  Vlieii  «boat  5  tons  of  sngu  hsfs  beea  thrown  in  and  melted,  if  the  ivrup  hna  a 
aujtb^  arid  reactjon  enough  lime  is  added  to  Tender  ii  neutral  or  faintlj  alkuline, 
MM  afterwards  tfboat  2  cwts.  of  ground  animal  cbarcoal  and  12  gallons  of  blood. 
Afiar  being  thorongbl;  miied  hy  the  stirrer,  the  ralre  (i)  is  opened,  end  the  mizt4iM 
IWM  tlmnuh  the  funnel,  provided  with  a  lap  (r).  into  the  montfl-Jni  (n),  until  it  is 
tliTC»>f<nirtDl  full.  The  tup  (r)  bein^  then  elosed,  aldam  under  a  pressure  of  five 
I  isitdmilted  through  the  pipe  (o).  The  pressure  of  the  steam  and  of  the 
in  of  the  air  resalting  from  the  heat  drirea  the  mixture  through  the  pipes  (i  i) 


into  tba  eUri^ng  pan  (b),  j 


n  height  of  50  feet.    This  is  entirel;  dosed  oi 
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proviiled  with  &  conQinwc.  When  it  is  throe  parts  fi!ijJ  with  a  mixture  of  ij- 
chucoal,  unil  lilood,  Cho  cock  of  u  steam  pipo  (j).  Uirmin^UDg  iii  u  row  in  the  inU 
of  the  boiling  Bp&ce,  and  jua>  urer  the  »urfa<^e  of  the  mtiture,  is  opened,  and  Bt 
admittwl  until  alt  the  air  huD  been  expelled  through  the  open  :iir  (UK-k  Hnd  the  s] 
ia  completely  filled  ;  the  etoam  and  air  cocks  are  then  cloeol.  Bj  the  condeutii ' 
the  steam  a  partial  vacniim  ia  rapidl;  produced  orer  the  miitnre,  vhicb  is  mtuc 
bj  the  action  of  the  coadansBr.  In  other  factories  the  TncDum  is  prodnood  bj  al 
air  pomp;  steam  ia  then  odmitteil  into  the  apiniJ,  and  the  mixture  heated  to  vigormu 
ebullition,  in  order  lo  effect  tbe  moat  intimate  mixture  poeaible  of  tlie  ingfr^'dieota. 
The  urcock  ia  then  openeJ.  destroying  tbe  thcuudi.  and  the  temperature  rapidly 
raised  to  the  boiling  point  under  ordinary  preasure.  irhich  with  this  coscentnttu 
potntion  is  103°.  llie  temperature  is  taken  with  a  thermumeter,  the  bulb  of  which 
ia  in  tlie  liquor,  whilst  the  bchIo  is  uuleide  the  apparatiiB.  A  manometer  ahowi  tbs 
internal  prsHSure  ;  tbe  progress  in  the  boiler  can  be  watched  through  luDettas  (xzz), 
wbich  are  lichted  by  a  lump  shining  through  a  similar  Inuetta  on  the  opposite  aide. 
As  soon  Bs  We  mixture  boila,  the  »alie  (l)  is  opened  by  prraaure  upon  the  lent  (k), 
thefotcrom  of  which  is  at  h:  the  mixture  then  runs  ont  into  the  prelimimiy  Gltei 
(h).  This  is  arritnged  for  filtration  from  outside  to  inside  ns  described  at  p.  863. 
The  clarified  syrup  runs  from  theuce  thruu^  a,  trough  on  to  the  clmrcoal  filter. 

The  molting  of  the  sugar  in  the  pan  (a)  takes  about  50  minutes,  so  that  in  twenty- 
four  hours  about  twenly-fire  operations  can  be  efiectctl,  equal  to  about  130  tons  of 
Bu^^HT.  Each  preliminary  filter  is  T  feet  i  inches  long,  b  feet  10  inches  wide,  and  4 
feet  10  inches  deep.  Twelrt  of  theao  filters  stand  side  by  side,  and  are  ns«d 
HimulUnwufly. 

The  charcoal  filter  (<i).  *  feet  in  diameter  and  iiboat  36  feet  in  height,  ia  pn>vided 
with  a  mnahole  (a),  an  emptying  lap  (<t).  and  bu  ascending  pipe  (r).  13  foet  high. 
Euch  filter  contains  UFsrly  300  bushels  of  animal  charcoal,  and  25  filters  are  nMd. 
Every  twenty-four  hours  four  of  these  filters  are  emptied,  so  that  nearly  1.200  bushel* 
>f  chatfoal  require  to  be  revinfied  daily. 

The  filtered  syrup,  the  whiteness  of  which  is  carefully  watched,  is  conducted  into 
the  reservoir  of  tbe  vacuum  appomtn*.  The  boiling  apparatus  (a.  fig.  634)  is 
arranged  as  shown  in  figs.  623  and  B24.  and  described  on  p.  8AU.  It  is  connected  abora 
at  B  with  H  condenser  and  an  air  pomp.  The  bniling  is  coodncted  so  as  to  obtain 
tbe  cryatals  larger  or  smaller  according  to  the  product  requirad.  It  is  qniddy  ac- 
■  .    ..  ■-..  .  ..„.^„...  i-i,iR,tion  of 
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SS°  lo  58°  S.  (sp,  gr.  1-245).  The  apparatus  is  10  feet  in  diameter  and  16  f««* 
high,  and  its  rapacity  corresponds  to  the  Kvrupy  miitnre  containinjt  13  tons  of  sugar. 
An  ten  or  twelve  operations  can  !ie  carrin]  out  dally,  one  apparatus  is  snfflcient  for 
Iho  entire  quantity.  The  steam  spirals  of  the  apparatus  have  a  heating  ■oifaceof 
about  3ausquiire  feet;  Iho  steam  eaters  under  a  prasaure  of  five  alnioBphrrea,  or  at! 
temperature  of  about  150°. 

After  suiScient  concenttntion  tbe  emptying  is  effteted  by  means  of  t^M  ¥•!«•  (o], 
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which  IB  opened  inwarde  by  pressure  on  the  lever  (d).  The  syrup  then  flows  into 
double-bottomed  heaters  (a),  each  of  which  has  a  diameter  of  10  feet  and  a  depth  of 
6  feet.  The  subsequent  operation  in  the  filling  room  and  the  sugar  floor  is  carried 
ont  as  before  described. 

The  apparatus  for  drawing  off  the  syrup  consists  of  three  horizontal  pipes,  upon 
which  1,600  moulds  find  room  simultaneously ;  the  drawing  oiT  of  the  syrup  lasts 
1|  hours.     The  air  pump  of  this  apparatus  is  worked  by  a  70  horse  power  engine. 

Each  floor  has  its  stove,  and  each  stove  holds  in  three  rows,  standing  one  above 
another,  1,500  to  3,000  loaves  wciglting  22  lbs.  to  26  lbs.  each.  The  heating  is effecter! 
by  waste  steam  passing  through  four  pipes,  6  to  8  inches  in  diameter,  arranged  one- 
above  another  on  one  of  the  walls. 

The  boilinir  of  the  clayed  syrups  is  carried  out  in  a  special  vacuum  apparatus 
(a',  fig.  634),  8i  feet  in  diameter  and  about  17  feet  high  This  is  heated  like  Kobert's 
apparatus,  oy  a  system  of  2^-in.  pipes,  40  inches  long,  fitted  between  the  two  bottoms, 
and  having  a  heating  sur&ce  of  nearly  1,000  square  feet.  The  steam  enters  at  the 
side  through  a  pipe  (b),  circulates  between  the  pipes,  and  passes  then  with  the  con- 
densation water  into  the  steam  chest.  These  s^'rups  are  boiled  to  thread  proof, 
consequently  blank  boiled ;  the  granulation  is  carried  out  in  coolers  standing  by  the 
side  of  the  heater  (o). 

After  the  first  granules  form  the  crystallisation  is  finished  in  from  twenty -four  to 
forty-eight  hotirs,  in  a  cast-iron  vessel  holding  about  11  gallons.  The  syrup  from 
this  product  is  boiled  in  the  same  apparatus,  and  then  crystallised  in  an  iron  vessel 
of  upwards  of  100  gallons  capacity,  the  crystallisation  lasting  five  or  six  days.  The 
third,  fourth,  and  fifth  crystallisations  jrield  fiour,  which  is  swung  in  the  centrifugal 
apparatus  and  then  liquored.  The  crystallisations  take  place  in  vessels  of  constantly 
increasing  size,  respectively  containing  200,  400.  or  800  gallons ;  the  time,  likewise, 
required  for  the  crystallisation  continues  to  increase,  the  last  crystallifration  ri>quiring 
four  to  eight  months,  during  which  the  vessel  is  kept  ut  a  temperature  of  35°  to  40°. 
The  syrup  of  the  lust  crystallisation  constitutes  molasses,  which  still  contains  50  to 
65  per  cent,  of  crystal lisable  sugar. 

The  proceeds  of  the  final  crystallisations  are  well  drained  and  methodically  liquored 
in  the  centrifugal  apparatus,  using  purer  syrup  at  each  liquoring,  and  finally  a  jet  of 
steam  is  allowed  to  play  upon  the  rotating  mass  in  the  drum  from  a  finely  perforated 
pipe  at  a  distance  of  2  or  3  inches.  The  steam  condenses  in  the  sugar  and  forms 
syrup  which  rapidly  permeates  the  sugar  loaf,  cariying  before  it  the  impurer  portion. 

All  the  unclayed  sugars  undergo  the  same  purification.  Sugar  that  has  been 
already  clayed,  and  is  suitable,  is  treated  once  with  steam,  and  then,  after  solution  and 
filtration  tJirough  charcoal,  used  for  clear  liquor.  Sugar,  of  which  the  grain  is  too 
fine  to  bring  it  into  the  centrifugal  apparatus,  is  first  granulated,  by  melting,  clarifying, 
filtering,  and  allowing  it  to  crystallise  in  large  vessels  ;  it  is  then  swung.  It  will  be 
seen  that  in  this  manufactory  only  sugars  almost  free  from  syrup  are  used  ;  the 
inferior  cane  sugars  are  first  recrystallised,  in  order  to  obtain  the  purest  possible 
material  for  the  refinery.  The  advantage  is  that.the  crystallisations  are  easily  effected, 
and  the  refinery  syrups  can  be  worked  up  almost  to  the  last  drop.  For  the  claying 
Uicre  are  fbrty  centrifugal  apparatus  32  inches  in  diameter,  each  of  which  is  filled 
with  about  100  lbs.  of  syrup;  the  rotation  required  is  about  1,200  revolutions  per 
minute. 

Mant^facture  of  Sugar  Candy. — The  name  of  candy  is  applied  to  well-formed 
crystals  of  sugars  of  different  colours.  The  principal  shades  met  with  in  oomraert'e 
are  white,  straw-coloured,  and  brown.  The  consumption  of  candy  is  oompai-ativcly 
limited  and  localised  in  certain  districts;  thus  East  rViesland,  Holland,  and  Belgium 
consume  large  quantities  of  candy,  whilst  in  other  countries  its  use  is  almost  un- 
known. The  ULiuufacture  is  carried  on  either  in  refineries  or  in  special  candy-boiling 
houses. 

In  the  preparation  of  white  candy,  the  finer  refined  or  quite  white  tropical  sugars 
aro  used ;  clayed  beet  root  sugar  cannot  be  used  for  the  purpose,  as  the  large  crystals 
always  contain  some  enclosed  syrup,  which  would  communicate  to  the  candy  an  after- 
tast-e  and  smell.  This  after-taste  makes  such  candv  perfectly  unfit  for  the  mauu- 
fibcture  of  sparkling  wines,  in  which  it  finds  its  principal  use,  whilst  the  peculiar 
aroma  of  the  coloniid  sugar  is  a  desideratum.  Through  the  great  purity  of  the  raw 
material  the  crystallisation  may  easily  take  place  too  rapidly,  ana  instead  of  large 
crystals,  small  indefinitely  formed  ones  are  obtained.  According  to  Payen,  this  may 
be  avoide^l  by  adding  to  the  syrup,  when  placed  for  crystallisation,  1  part  in  1,000  of 
tartaric  acid. 

The  straw-coloured  candy  is  prepared  either  from  beet  sugar,  or  from  a  mixture  of 
HAvaonah  and  Indian  sugars.     The  liroMm  is  especially  prepared  from  Brazil  sugar. 
The  first  operations  of  the  candy  manufacture  are  similar  to  those  of  refining. 


Tba  iDgu  ia  meltMl  in  vUar  in  >  pnait.  Sg.  6tt),  ud  eUriflsd  by  tb«  additiiB  af 
BDJnwlcharGOkiuulBlbnniia:  tba  ijTup  ii  then  puud  thnjngli  the  pnUtuiBuyflltOTlB), 
luid  ■■  brought  U>  the  right  dagraj  of  dtcoloriMtion  in  ths  ■*»'»-^l  filter  (c),    fam 
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thence  it  flows  through  &  tap  (d)  along  a  trough  into  the  reserroir  (■),  from  which  it 
ii  drawn  through  the  pipe  (f)  into  the  Tacnum  pan  (h).  Id  the  plaee  of  tJie  tuhdm 
tun,  there  ia  uiU  foond  in  nuiaj  candy  bctorics  copper  swinging  pane  heated  orer  ao 
open  flm.  When  the  TKcnam  pan  ia  used,  the  gmpontion  is  onl*  carried  on  to  eli^t 
nringiness.  and  then  the  syrap  ia  allowed  to  ran  off  through  the  nXft  (i)  into  the 
heater  (j),  where  the  boiliiig  is  finished.  The  eTapomtioD  ia  coadueted  Oiflhtentlj 
BCix>iding  Co  the  quality  of  the  syrup.  With  the  moat  easily  ciTiUlliaing  irtiite  candy, 
it  ia  carried  fatther  than  with  the  dkrlcer  aortA,  QenertUly  Uie  flniah  of  the  enapoa- 
tion  is  recagaised  bj  empirical  tpsts,  such  as  the  babbles,  or  the  boiling  mass  ia  tested 
with  an  aruomoter.  With  whit«  candy  the  erapontion  should  be  carried  to  a  spadflo 
gravity  of  1'3S7.  the  atiaw-ooloured  to  1'363,  and  the  brown  to  I-3OT. 


Ltlypot4  whii 


removed  by  mcana  of  tka  filling 
:«  erected  in  tba 
lUongly  heated 
space,  similar  Co  the  snratr  atone 
(figs.  636  and  637).  The  candy 
pots  are  ronnd  copper  bowts, 
with  flat  botcoina  and  sloping 
sidea.  Id  the  aidea  am  flas 
holes,  through  which,  before  the 
fliling,  fine  threadi  are  drawn 
for  the  crysl&ls  lo  form  upon. 
After  tbe  iDtroduction  of  the 
threads,  the  holes  are  plastered 
orer  with  piiper  on  tbe  ovtsMe. 
The  candy  rooma  differ  from  the 
sogsT  stores  by  being  Tentilated 
as  little  iht  possible,  eooaeqneDtly 
no  slcam  drangbt  is  used.  The 
ftiimes  upon  which  the  pott 
stand  are  separated  about  14  or 
16  inebM  from  each  other.  By 
mean!  of  an  extamally  bested 
oren,  or  better  still  by  ateam 
pipea,  a  temperatnre  of  00°  is 
maintained  for  seventy-two  to 
eerenty-aii  hours  ;  tben  tbe 
heating  is  alopped,  and  ths 
room  la  kept  eloMd  fbr  nine 
linys.  By  the  twelfth  day  tbt 
temperature  haa  sunk  to  SA^  to 
38°.  In  al]  easea,  aoddao  Taria- 
tions  of  temperature,  abakiDg  <( 
the  Teasels,  or  drangbta,  are 
BToidad,  aa  caiuiiig  a  propn 
tionate  irregiilnritj  in  t£e  ay 
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fltals.     The   temperature  is  observed  upon  a  thermometer  placed  inside  the  room 
against  a  window  in  the  door. 

In  medinm-sised  vessels,  the  ciystallisation  proceeds  far  enough  by  the  twelfth 
day ;  with  small  vessels  and  white  syrup,  the  crystallisation  is  ended  earlier ;  with 
the  grosser  and  more  impure  symps,  especially  if  very  lar^e  crystals  are  required,  it 
lasts  longer.  The  cryst^lising  vessel  is  then  taken  out,  a  hole  broken  in  the  crystal- 
line crust  that  forms  on  the  surfause,  and  the  greater  part  of  the  syrup  poured  off, 
and  the  rest  left  to  drain  by  placing  the  bowl  in  an  indined  position  over  a  trough. 
The  last  adhering  syrup  is  washed  off  with  lukewarm  water  and  this  is  again  left  to 
drain  over  a  trough.  During  the  draining,  the  surface  of  the  candy  becomes  dried, 
and  the  threads  are  then  cut  from  the  outside  and  the  candy  lifted  from  the  pots. 
Lastly,  it  is  dried  at  a  temperature  of  36^  for  twenty-four  hours,  and,  either  whole 
or  broken  into  pieces,  is  sent  to  market. 

In  the  factory  from  which  the  foregoing  description  is  taken  there  are  six  candy 
rooms  side  by  side.  Each  has  three  doors  (f  a  h)  placed  one  over  another,  corre- 
sponding with  as  many  stages  fitted  with  frames.  Opposite  the  doors,  pullies  (k  k') 
are  placed  for  the  convenient  raising  of  the  filling  bowl  (l')  and  the  removal  of 
the  crystallising  pots  (l).  Each  oven  is  18^  feet  high,  13  feet  long,  and  10  feet  wide, 
and  contains  ten  stages  one  over  another,  each  supporting  thirty  pots,  so  that  the 
entire  room  holds  300  pots.  The  pots  are  24  inches  in  diameter  and  13  inches  deep, 
and  hold  when  full  110  lbs.  of  syrup,  which  yields  55  lbs.  of  candy.  The  emptying  of 
the  oven  is  effected  through  doors  at  the  back  of  the  oven. 

The  syrup  drain«^  from  candy  is  boiled  for  loaf  sugar. 

Sacchabimetbt. — The  determination  of  the  amounts  of  sugar  in  various  materialf 
is  effected  by  one  or  other  of  the  following  methods : — 

1.  Chemical  methods,  based  upon  the  known  capability  of  some  kinds  of  sugar  to 
reduce  metallic  oxides  either  to  a  lower  state  of  oxidation  or  to  the  metallic  state. 

2.  Areometric  methods,  based  upon  the  observed  relation  between  the  spedfio 
gravity  of  a  sugar  solution  and  the  amount  of  sugar  it  contains. 

3.  Optical  methods,  based  upon  the  power  of  cane  sugar  to  turn  the  plane  of 
polarisation  of  a  ray  of  light  to  a  certain  extent  to  the  left  hand. 

Chemical  Methods. — Of  these,  the  first  to  be  mentioned  is  Fehling's.  It  is  founded 
on  the  fact  that  glucose,  or  the  mixture  of  grape  and  fruit  sugar  obtained  when  a  solu- 
tion of  cane  sugar  is  boiled  with  a  little  hydrochloric,  sulphuric,  or  oxalic  acid,  reduces 
capric  oxide  in  alkaline  solution  to  cuprous  oxide. 

Pure  cane  sugar  has  no  such  reducing  action.  Essentially,  the  method  has  been 
described  before  on  p.  804.  1  gram  of  the  substance  to  be  examined,  a  sample  of  cane 
sugar,  for  instance,  is  dissolved  in  about  50  c.c.  of  water,  in  a  fiask  holding  exactly 
100  C.C.  up  to  a  mark  in  the  neck,  a  few  drops  of  a  concentrated  solution  of  oxalic  acid 
Are  added^  and  the  solution  boiled  in  order  to  convert  the  cane  sugar  into  the  mixture 
of  two  kinds  of  sugar  known  as  inverted  sugar.  After  the  liquid  is  cool  the  free  acid 
is  neutralised  wiSi  sodium  carbonate,  the  solution  diluted  to  exactly  100  cc,  and 
titrated  according  to  the  method  described  on  p.  804.  An  amount  of  grape  sugar  is 
thus  foimd  corresponding  to  the  amount  of  cane  sugar  originally  present.  As  the 
quantities  of  grape  sugar  and  cane  sugar  concerned  in  this  reaction  are  in  the  proportion 
of  360  to  342,  the  quantity  of  cane  sugar  corresponding  to  the  grape  sugar  is  easily 
calculated. 

The  same  method  admits  of  the  estimation  of  the  two  kinds  of  sugar — cane  sugar 
and  grape  sugar — when  they  occur  together.  The  solution  can  be  titrated  at  once,  to 
determine  the  amount  of  grape  sugar  present,  and  again  after  boiling  with  acid.  The 
difference  between  the  amounts  of  grape  sugar  found  in  the  two  operations  represents 
the  amount  of  cane  sugar. 

This  method  is  not  without  disadvantage.  It  is  especially  difficult  to  determine 
the  exact  point  at  which  all  the  cupric  oxide  is  reduced,  and  not  to  add  sugar  in  ex- 
cess. In  proportion  as  the  greater  portion  of  the  copper  is  reduced,  the  previously 
intensely  blue  liquid  loses  its  colour,  until  at  last  it  is  very  doubtful  whether  it  has 
still  a  blue  shade  or  not.  In  effecting  the  perfect  reduction  of  the  cupric  oxide,  it 
becomes  uncertain  whether  or  not  too  much  sugar  has  been  added.  In  order  to  avoid 
this  uncertainty,  an  excess  of  copper  solution  is  used,  and  the  quantity  of  oxide  reduced 
by  it  is  estimated.  60  cc.  of  Fehling's  solution  of  the  strength  previously  given  is 
diluted  with  two  or  three  times  its  volume  of  water,  heated  to  boiling,  and  so  much  of 
the  solution  to  be  examined  added  as  shall  contain  not  more  than  0*250  gram  of 
sugar.  As  the  quantity  of  copper  solution  would  require  0*300  gram  of  sugar  to 
Induce  it  perfectly,  an  excess  remains.  After  a  short  boiling  the  liquor  is  allowed  to 
stand ;  the  heavy  intensely  red  coloured  precipitate  of  cuprous  oxide  settles  rapidly 
to  the  bottom,  and  the  clear  blue  supernatant  liquor  can  be  decanted  off.    Boiling 
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\rater  is  then  ponred  orer  the  precipitate,  and  it  is  again  left  to  settle ;  afterwards  it 
is  thrown  upon  a  small  filter  and  washed  as  quickly  as  possible.  The  filter  is  then 
dried,  and  the  pracipitat«,  after  the  combustion  of  the  filter,  is  kept  at  a  red  heat  for 
some  time  in  contact  with  air  to  convert  the  cuprous  oxide  into  cupric  oxide.  To  en- 
sure that  no  trace  of  cuprous  oxide  remains,  it  is  moistened  with  a  drop  of  nitric  add, 
carefully  dried,  and  again  brought  to  a  red  heat.  From  the  weight  of  cupric  oxide 
found,  the  amount  of  sugar  can  then  be  calculated. 

One  molecule  of  cane  sugar,  or  342  parts  by  weight,  after  being  changed  into 
inserted  sugar,  reduces  t«n  molecules,  or  794  parts  by  weight  of  cupric  oxide;  the 
Kumo  quantity  of  cupric  oxide  is  reduced  by  two  molecules,  or  360  parts  by  wei^t  of 
grape  sugar.  But  as  the  cupric  oxide  found  is  produced  from  the  reduMd  eupioos 
oxide,  the  statement  is : 

J-    :     1    -   342    :    794 
«    :     1    =    360    :    794   . 
the  unit  of  weight  of  cupric  oxide  oorrespuuding  to : 

0*4307  cane  sugar,  and 
0'4634  grape  sugar  (inverted  sugar). 

A  large  number  of  estimations  carried  out  by  Scheibler  with  chemically  poie 
sugar  showM  that  the  sugar  quantities  calculated  from  the  cupric  oxide  obtained 
are  a  little  too  high,  and  that  a  more  exact  result  is  arrived  at  when  the  cupric  oxide 
obtained  is  multiplied  b^  : 

0*43  for  cane  sugar,  and  by 
0*46  for  invert  sugar. 

Other  methods  have  been  recommended  for  the  estimation  of  the  precipitated 
cuprous  oxide.  One  is  to  dissolve  the  cuprous  oxide  in  hydrochloric  acid,  with  the 
addition  of  sodium  chloride,  and  to  convert  the  cuprous  chloride  thus  formed  into 
cupric  chloride,  with  a  titrated  solution  of  potassium  permanganate.  Or  the  cnprous 
chloride  may  be  treated  with  ferric  chloride,  a  corresponding  quantity  of  ferric  chloride 
being  converted  into  ferrous  chloride ;  the  ferrous  chloride  can  then  be  estimated  with 
potassium  permanganate  or  chromate.  These  methods  do  not  present  any  advantage 
over  the  method  above  described. 

Another  easily  worked  method  is  based  upon  the  fact  that  invert  sugar  completely 
reduces  mercury  from  an  alkaline  solution  of  mercuric  cyanide ;  according  to  the  ob- 
servations of  K.  Knapp,  100  parts  of  p^rape  sugar  being  required  to  reduce  400  parts 
of  mercuric  cyanide.  A  titrated  solution  is  used  consisting  of  10  grams  of  pure  cry- 
stallised mercuric  cyanide  dissolved  with  100  c.c  of  sohition  of  caustic  soda  (sp.  gr. 
1*145),  to  make  1,000  cc.  40  c.c.  of  this  liquor,  representing  0*100  gram  of  grape 
sugar,  is  boiled  and  then  allowed  to  act  upon  the  sugar  solution  until  the  whole  of 
the  mercury  is  precipitated  to  the  bottom  of  the  vessel  in  small  globules.  A  drop  of 
the  boiling  liquid  placed  on  a  fine  filter  paper,  and  held  over  a  vessel  containing  con- 
centrated ammonium  sulphide,  will  undergo  a  brown  coloration,  owing  to  the  forma- 
tion of  mercuric  sulphide,  so  long  as  any  mercuric  cyanide  remains  unchanged ;  but 
the  moistened  spot  remains  colourless  when  mercuiy  is  no  longer  in  solution.  In 
estimating  by  this  method,  the  process  followed  is  the  same  as  described  on  p.  S04. 
A  gram  of  sugar  is  dissolved — in  the  case  of  cane  sugar,  after  being  inverted  by  the 
addition  of  acid  and  heating — and  made  up  to  100  cc  In  the  firat  estimation,  the 
point  is  approximately  sought  at  which  to  stop  the  addition  of  sugar,  and  this  is 
determined  exactly  by  a  repetition. 

The  areoiMiric  method  of  determining  the  amount  of  sugar  gives  exact  results 
only  with  solutions  of  pure  sugar,  but  when  other  substances  are  present  they  a£bct 
the  speciHc  gravity  of  the  liquid.  Nevertheless  this  method  is  very  generally  used 
fur  some  purposes.  The  accompanying  table  gives  the  results  of  Gerlach,  which  corre- 
spond very  closely  with  those  of  other  observers. 

When  the  specific  gravity  has  been  taken  the  sugar  contents  can  be  easily  ascer- 
tained from  this  table.  But,  in  order  to  avoid  this  trouble  also,  Brix  and  others  have 
constructed  special  areometers,  orsaccharometers,  upon  the  scales  of  which  the 
percentage  of  sugar  is  directly  indicated.  Of  the  various  saccharometers,  that  of 
Brix  is  the  most  generally  used.  In  using  these  instruments  it  must  be  borne  in 
mind  tluit,  since  all  liquids  become  lighter  by  expansion,  the  same  liquid,  for  instance, 
will  give  a  different  saccharometer  figure  at  a  temperature  of  10®  to  what  it  does  at 
16°.  It  is  therefore  necessary  to  make  all  observations  at  the  particular  temperature 
for  which  the  instrument  is  constructe.i,  usually  17*6°  C. ;  colder  solutions  have 
therefore  to  be  heated  and  warmer  solutions  cooled  to  this  point  On  the  other  hand, 
the  indications  of  the  saccharometer  can  be  reduced  by  means  of  the  table  to  the  cor- 
responding specific  gravities. 

The  saccharometer  used  in  Great  Britain  is  that  constructed  by  Bate.  The  stem 
bears  a  scale  of  divisions  numbered  downwards  to  30°.  Each  of  these  divisions  indi- 
cates a  one-thousandth  part  of  the  specific  gravity  of  water. 
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Sugar. 

Contents  of 

solntion. 

Weight 

percent. 

Spedflo  graTi^ 
at  17-5*» 

Sugar. 

OoBientiof 

idation. 

Weight 

per  cent. 

Spedflo  gravity 
ftt  IT-fio 

Sugar. 

OontentBof 

■olntion. 

Weight 

per  oont. 

BpedAo  gniTity 
ftt  IT-fio 

1 

1-008880 

26 

M 10646 

51 

1*238293 

2 

1-007788 

27 

1-115330 

62 

1-243877 

3 

1011726 

28 

1-120048 

63 

1-249600 

4 

1015691 

29 

1-124800 

54 

1-255161 

5 

0019686 

30 

1-129586 

55 

1-260861 

6 

1023710 

31 

1-184406 

56 

1*266600 

7 

1027765 

32 

1-139261 

67 

1-272879 

8 

1031848 

33 

1144150 

58 

1-278197 

9 

1-035961 

34 

1149073 

59 

1-284054 

10 
1 

1040104 

35 

1-164032 

,         60 

1-289952 

1 

11 

1-044278 

36 

1-159026 

61 

1-295890 

12 

1-048482 

37 

1-164056 

62 

1-301868 

13 

1052716 

38 

1169121 

63 

1-307887 

14 

1-056982 

89 

1-174222 

64 

1-318946 

15 

1-061278 

40 

1-179358 

66 

1-320046 

16 

1-065606 

41 

1-184531 

66 

1-326188 

17 

1-069965 

42 

M89740 

67 

1-332370 

18 

1  074366 

48 

1*194986 

68 

1-338594 

19 

1078779 

44 

1-200269 

69 

1-344860 

20 

1083234 

45 

1-205289 

70 

1-851168 

21 

1087721 

46 

1-210945 

71 

1-357518 

22 

1092240 

47 

1-216339 

72 

1-363910 

23 

1  096792 

48 

1-221771 

73 

1-870345 

!         24 

1101377 

49 

1-227241 

74 

1-376822 

25 

1-105995 

60 

1-282748 

75 

1-383342 

The  op  tic  ft  I  method  of  ascertaining  the  amount  of  sugar  in  different  solutions  is 
based  upon  the  fact  that  a  fixed  quantity  of  sugar  in  solution  rotates  the  rays  of  a 
beam  of  polarised  light  exposed  to  its  action  to  a  known  extent  right  or  left. 

The  apparatus  of  Mitscherlieh  consists  of  two  Nicol  calc  spar  prisms,  which  in  the 
normal  arrangement  of  the  instrument  are  so  placed  opposite  to  one  another  that  the 
rays  of  lieht  passing  through  the  first  prism  are  completely  absorbed  by  the  second. 
If  a  liquid  capable  of  deviating  the  plane  of  the  beam  of  light  be  brought  between 
the  two  prisms,  the  absorption  by  lis^ht  of  the  second  prism  no  longer  takes  place;  it 
appears  much  more  illuminated,  and,  according  to  the  extent  of  the  deriation,  of  a 
red,  yellow,  green,  blue,  or  violet  colour.  In  order  to  measure  the  amount  of  devia- 
tion, the  second  prism  is  rotated  until  the  field  of  sight  appears  half  blue  and  half 
violet  coloured,  the  distance  being  shown  by  a  pointer  connected  with  the  second 
prism  and  moving  round  a  circle  divided  into  360  parts. 

A  column  of  liquid  200  mm.  long,  consisting  c^  sugar  solution  containing  exactly 
30  grams  of  chemically  pure  cane  sugar  in  100  c.c,  rotates  the  beam  of  polarised 
light  exactly  40^.  With  colunms  of  liquid  of  the  same  length,  but  containing  an 
unknown  amount  of  sugar  in  solution,  each  degree  which  the  second  prism  has  to  be 
rotated  indicates  0*75  gram  of  sugar  in  each  1 00  cc. 

Soleil's  apparatus  has  the  Nicol  prisms  the  same  as  that  of  Mitscherlieh,  but 
between  them  is  inserted  a  further  arrangement,  which  facilitates  the  observation 
considerably.  The  ray  of  light  polarised  by  its  passage  through  the  first  prism  passes 
then  through  a  plate  of  quartz  cut  perpendicularly  to  the  axis  of  the  crystal.  It  is 
divided  through  the  middle  of  the  field  of  vision,  so  as  to  for  ji  a  disc  consisting  of  two 
halves,  one  half  rotating  to  the  right  and  the  other  half  to  the  left.  With  a  thick- 
ness of  one-eighth  of  an  inch,  these  plates  appear  when  viewed  through  the  second 
Nicol  prism  of  one  colour,  quite  faint  and  between  green  and  red.  The  least  rotation 
of  the  polarised  ray  at  once  produces  a  change  of  colour,  towards  green  on  t&e  one 
side  ana  red  on  the  other.  The  ray  of  light  then  passes  through  another  quarts 
plate  cut  perpendicularly  to  its  axis,  and  then  through  two  wedge-shaped  quarti 
plates,  having  both  equal  but  opposite  rotating  powers  like  the  plates  above  mentioned. 
The  two  wedge-shaped  plates  with  their  settings  are  connected  with  mechanism  bj 
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which  they  can  be  pushed  over  one  another  so  as  to  form  one  plate  of  TanaUe  tinxk- 
ness.  On  the  frame  of  one  of  these  plates  is  a  scale  and  on  the  other  an  index.  The 
sezo  of  the  scale  is  so  placed  that  it  coincides  with  the  index  when  the  thii^Vn^M  of 
the  two  wedges  equal  the  thickness  of  the  plate  jf.  In  this  position  the  effects  of 
both  are  completely  neutralised,  and  on  looking  uirongh  the  second  prism  the  abord- 
mentioned  &int  colour  is  again  seen,  whilst  in  any  other  position  of  Uie  wedflo-shaped 
plates  the  red  and  green  colours  appear.  The  further  divisions  of  the  seaLs  axe  so 
made  that  at  the  point  100  the  thickness  of  the  plate  formed  hy  shifting  the  two 
wedges  is  exactly  1  millimeter,  or  one  twenty-fifth  of  an  inch.  Finally  the  ray  of 
lightpasses  to  the  second prisuL 

The  apparatus  is  represented  by  figs.  688  and  689.    Between  the  tubular  ends  Tt* 
and  i"  1^  is  a  space  to  receive  the  tu^  containing  the  liquid  to  be  examined.    The 


Fig.  688. 

Nicol  prism  is  placed  at  q  and  the  quartz  plates  at  p  and  p  .  The  quarts  wedgw 
(/  and  /')  are  represented  on  a  larger  scale  in  fig.  639.  They  are  made  to  slide  back- 
wards and  forwards  by  turning  the  milled  head  (b',  fig.  688). 
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When  a  sugar  solution  is  brought  between  the  two  quartz  plates  p  and  p",  iw 
rotative  power  enhances  the  rotation  of  the  polarised  ray  by  the  one  half  of  the^Ut 

S'«?  ^'*  ^^^  weakens  the  action  of  the  other  half.  Both  halve©  thus  acquire  a 
iflferent  colour ;  the  uniformity  of  colour  is  again  restored  when  the  wedge-shaped 
quartz  plates  are  shifted,  until  the  thickness  of  the  plate  formed  corresponds  with  tbi 
rotative  power  of  the  interposed  sugar  solution. 


SACCHARIMBTBT.  875 

The  rotating  power  of  a  quartz  plate  A  in.  or  1  mm.  in  thickness  equals  that  of 
a  oolumn  of  liquid  200  mm.  long,  containing  16*360  grams  of  chemically  pure  cane 
sugar  in  each  100  c.c.  If,  therefore,  a  tube,  exactly  200  mm.  long,  filled  with  sugar 
solution  of  unknown  strength,  be  placed  between  the  quartz  plates  f*  and  ^\  and  the 
two  wedge-shaped  quartz  plates  be  shifted  until  the  uniform  colour  is  again  produced 
on  both  sides,  each  degree  of  the  scale  will  correspond  to  a  sugar  contents  of  0*1635 
gram  in  each  100  c.c.  of  the  solution. 

Ventzke's  apparatus  is  a  modification  of  Soleil's.  It  is  so  arranged  that  a  layer  of 
sugar  solution  200  mm.  deep,  of  sp.  gr.  1*100,  requires  exactly  100®  shifting  of  the 
scaJe.  Such  a  solution  contains  in  100  c.c.  26  048  grams  of  sugar ;  each  degree  of  the 
scale  corresponds  therefore  to  0*26048  gram  of  fine  sugar  in  1 00  c.c.  of  the  solution. 

In  using  the  polarisation  apparatus  its  correctness  has  first  to  be  ascertained,  as 
regards  the  placing  of  the  zero  point,  the  thickness  of  the  quartz  wedges,  the  division 
of  the  scale,  and  the  length  of  the  observation  tube.  In  order  to  ensure  a  correct 
placing  of  the  zero  point,  an  empty  tube,  or  one  filled  with  pure  water,  is  placed 
between  the  two  prisms  of  Mitscherlich's  apparatus,  or  between  the  two  quartzes  of  a 
Soleil  or  Ventzke's  apparatus ;  the  light  of  a  clear  burning  lamp  is  allowed  to  fall  on 
the  appuntus,  and  an  observation  is  made  after  the  index  has  been  placed  exactly 
upon  the  zero  point.  In  Mitscherlich's  apparatus  the  light  should  be  absorbed  and 
the  field  of  vision  become  darkened.  In  the  other  two  forms  of  apparatus,  upon 
looking  through  the  eye-piece  in  front  of  the  second  prism,  a  very  small  bright  disk, 
diyideid  through  the  middle  by  a  sharp  streak,  and  uniformly  coloured  on  both  sides, 
should  be  observed.  In  this  case  the  apparatus  is  in  order  in  respect  to  its  zero 
point ;  but  if  the  disk  is  not  darkened  in  the  Mitscherlich's  apparatus  the  prism  is 
turned  until  complete  obscuration  takes  place,  and  then  the  index  is  placed  exactly 
over  the  zero  point.  In  the  Soleil  and  Ventzke's  apparatus  the  disk  may  appear 
uniformly  coloured,  but  of  an  intensely  red  or  blue  colour.  This  is  induced  by  the 
position  of  a  third  prism,  not  previously  mentioned  in  this  description,  which  in 
Soleil's  apparatus  is  situated  immediately  m  front  of  the  eyeglass,  and  in  Ventzke's 
before  the  first  prism.  This  pnsm  is  therefore  arranged  so  that  the  intense  colour 
disappears  and  the  illuminated  field  is  as  free  from  colour  as  possible.  If  both  halves 
of  the  disk  are  then  uniformly  coloured  the  zero  point  is  correct ;  but  if  one  half  has 
a  green  tint  and  the  other  a  red  tint  the  quartz  wedges  are  to  be  shifted  until  perfect 
uniformity  of  colour  is  produced.  If  the  instrument  is  furnished  with  an  arrange- 
ment for  the  a^ustment  of  the  quartz  wedges  they  should  be  arranged  so  that  Uie 
index  coincides  exactly  with  the  zero  point.  If  this  cannot  be  done  the  correct  point 
is  noted,  and  a  corresponding  correction  is  to  be  made  after  the  observations.  The 
correct  position  of  the  zero  point  should  be  ascertained  previous  to  each  use  of  the 
instrument.  In  order  to  test  the  apparatus  farther  a  solution  of  pure  cane  sugar  is 
prepared  by  dissolving  163*5  grams  in  water  and  diluting  to  exactly  one  litre.  For  this 
purpose  pure  white  sugar  candy  is  finely  powdered,  and,  a^r  being  washed  with  some  ice- 
cola  water,  drained,  and  washed  with  very  strong  alcohol,  the  powder  is  pressed  between 
filtering  paper,  dried  in  the  air  and  afterwards  at  100®.  When  this  solution  is  put 
into  a  tube  200  mm.  long,  the  quartz  plates  require  to  be  shifted  until  the  index 
stands  exactly  over  100°,  in  order  to  produce  uniformity  of  colour.  Of  the  same 
solution,  10, 20, 30,  40,  50,  60,  70,  80,  andOOcc.  are  mixed  with  90,  80,  70,  60,  50,  40, 
30,  20,  and  10  cc.  of  water  respectively,  and  these  solutions  being  observed  in  the  ap- 
paratus, always  in  a  column  200  mm.  long,  in  order  to  produce  with  them  uniformity 
of  colour  the  index  should  require  to  stand  at  10°,  20°,  30°,  etc.  Mitscherlich's 
apparatus  is  tested  in  a  similar  manner,  but  of  course  using  a  different  amount  of 
sugar.  If  it  should  happen  that  the  figures  do  not  correspond,  but  that  the  differences 
are  proportional ;  if,  for  instance,  with  the  concentrated  solution  the  index  stands  at 
102°  instead  of  at  100°,  when  diluted  with  half  water  at  51°,  and  when  tenfold  diluted 
at  10°*2,  this  would  be  an  indication  that  the  quartz  wedges  are  somewhat  too  thin,  but 
quite  evenly  ground,  or  that  the  tube  is  a  little  too  long.  A  correction  would  then  be 
made  that  would  always  show  the  value  of  a  single  degree : — 

102  :  16-35   «    1  :  x;  r  «   01603. 

Each  degree  of  the  scale  would  consequently  in  this  case  represent  0*1603  gram 
in  100  c.c  of  solution.  If  on  the  other  hand  the  variation  is  not  proportional,  this 
may  be  the  result  of  the  scale  being  incorrectly  divided,  or  the  quartz  wedges  not  being 
equally  groimd  ;  either  of  these  conditions  renders  the  instrument  perfecUy  worthless. 

Some  modifications  of  the  operation  have  to  be  made  according  as  crystallised 
sugar,  intermediate  products,  or  crude  products  have  to  be  examined. 

(a.)  Crystallised  sugar. — In  tnis  case  the  cane  sugar,  moisture,  ash,  and 
glucose  have  to  be  estimate.  In  most  kinds  of  continental  sugar  there  is  either  no 
glucose,  or  it  is  present  in  such  small  traces  as  not  to  be  worth  notice,  and  this  cir- 
cumstance greatly  simplifies  the  experiment.    For  the  estimation  of  the  amount  of 
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sugar,  vhen  Soleil's  apparatus  is  used,  16*35  grams  of  a  well-mixed  sample  are 
thoroughly  dissolved  firat  in  50  c.c.  of  water,  and  then  sufficient  added  to  measure 
exactly  100  cc,  and  filtered.  The  filtration  is  absolutely  necessary,  as  the  ftmallest 
quantity  of  suspended  substance  in  the  liquid  renders  the  observation  very  difficult. 
Kefinea  white  crystallised  cane  sugar  yields  a  colourless  solution,  but  the  raw  sugar  gives 
a  coloured  liquid,  the  colour  of  whidi  can  in  most  cases  be  removed  by  the  addition 
of  a  few  drops  of  basic  lead  acetate  solution  before  the  dilution.  Many  kinds  of  sugar 
however  that  are  thus  decolorised  do  not  give  a  clear  solution  and  pass  turbid  through 
the  filter.  Such  solutions,  according  to  Scheibler,  can  be  cleared  by  the  addition  of  a 
small  quantity  of  aluminum  hydrate  suspended  in  water.  It  is  necessary  that  the 
solution  should  be  quite  clear  after  filtration.  The  observation  tube,  200  mm.  l<Hiff, 
carefully  purified  and  dried,  is  then  filled  with  the  solution,  and  the  observation  mads 
as  previously  described.  The  estimation  of  sugar  in  molasses  is  made  in  a  similar  way, 
but  the  precipitation  of  the  foreign  matters  in  it  requires  a  larger  addition  of  lead  aeetattt- 

The  amount  of  moisture  is  determined  by  drying  a  weighed  quantity  of  the  sugar 
in  a  small  shallow  dish  until  it  no  longer  loses  weight.  The  amount  of  ash  is  ascer- 
tained by  incineration,  but  the  sugar  carbon  does  not  burn  readily,  and  is  so  enveloped 
in  the  fused  salt8,  that  either  some  of  the  salt  is  driven  off  by  the  heat  or  some  of  the 
carbon  remains  unbumt.  This  difficulty  is  overcome  by  a  method  introduced  by 
Scheibler.  1  to  2  grams  of  the  sugar  are  weighed  in  a  somll  shallow  dish,  moistened 
with  rather  concentrated  sulphuric  acid,  and  at  first  carefully  heated.  Alter  the 
greater  part  of  the  organic  matter  has  been  destroyed  the  dish  is  placed  in  a  small 
muffle,  formed  of  two  sheets  of  platinum  bent  together,  and  heated  to  redness,  when 
the  remainder  of  the  carbon  is  easily  burnt.  The  white  ash  consists  of  sulphates,  and 
the  half  of  its  weight  is  taken  as  the  amount  of  ash.  This  method  is  allowable  with 
crystallised  su^or,  where  the  amount  of  ash  is  always  small ;  in  the  examination  of 
molasses,  beet  juice,  etc.,  another  method  has  to  be  adopted. 

When  glucose  and  cane  sugar  are  associated  together,  the  polarisation  apparatus 
can  be  used,  but  the  chemical  method  is  then  preferable.  A  weighed  quantity  dissolved 
in  water  is  mixexl  with  cnpric  oxide  solution,  and  heated  for  ten  minutes  in  a  water 
bath  at  a  temperature  of  75^  ;  all  the  glucose  is  thus  decomposed.  A  second  quantity 
is  treated  as  described  on  p.  871.  The  first  experiment  gives  the  quantity  of  glucose 
present :  the  second  the  quantity  of  inverted  sugar  originating  from  the  cane  sugar 
plus  the  glucose.  The  difference  represents  the  amount  of  inverted  sugar  formed  from 
the  cane  sugar  present. 

{h,)  Molasses. — In  order  to  estimate  the  amount  of  water  present  in  molassas, 
it  is  advisable  to  distribute  it  over  a  large  surface  by  mixing  it  with  some  anhydrous 
substance,  because  othervdse,  in  drying,  it  forms  a  dense  layer  from  which  the  complete 
removal  of  the  water  is  very  difficult.  A  crucible  is  half  filled  with  sand  and  heated  to 
redness ;  then  allowed  to  cool  completely,  and  weighed.  A  cavity  is  made  in  thf 
sand  with  a  platinum  spoon,  into  which  a  small  quantity  of  molasses  is  poured,  and 
it  is  again  weighed.  Upon  heating,  the  molasses  is  liquefied  and  permeates  the  sand, 
and  can  then  be  easily  dried  at  a  temperature  of  100^. 

The  sugar  is  estimated  as  before  described.  On  account  of  the  large  quantity  of 
foreign  constituents  a  considerable  precipitate  is  produced  on  the  addition  of  lead 
acetate.  As  the  volume  of  this  precipitate  would  influence  the  volume  of  the  liquid 
to  be  examined  it  is  better  to  dilute  the  solution  to  a  greater  degree.  16  grams  of 
molasses  are  dissolved  in  about  200  cc.  of  water  in  a  fiask  of  250  cc.  capacity  ;  lead 
acetate  is  then  added  and  the  liquor  brought  to  the  correct  volume.  If  the  filtered 
solution  is  not  sufficiently  colourless  for  polarisation,  a  second  sample  is  prepared  with 
a  larger  addition  of  lead  acetate.  When  this  does  not  give  a  satisfactory  result  the 
liquid  may  be  shaken  with  some  animal  charcoal  previously  dried  at  1 00®.  But  the 
use  of  the  charcoal  is  to  be  avoided  as  much  as  possible,  because  it  absorbs  a  portion 
of  the  sugar  as  well  as  the  colouring  matters. 

As  molasses  may  contain,  besides  sugar,  other  bodies  influencing  polarisation,  the 
estimation  should  be  controlled  by  a  second  experiment  made  according  to  the  chemical 
method.  In  estimating  the  ash  about  10  grams  of  molasses  are  heated,  at  first  very 
gently,  in  a  platinum  dish  of  at  least  200  grams  capacity.  Gradually,  as  it  ceases  to 
froth  strongly,  the  heat  is  increased  until  finallv  the  entire  mass  is  carbonised  and  no 
more  empyreumatic  vapours  aro  given  off.  The  voluminous  charcoal  is  broken  n|\ 
boiled  with  water,  thrown  upon  a  filter,  and  washed  until  the  washings  cease  to  give 
an  alkaline  reaction.  The  charcoal  is  then  dried,  and  with  the  filter  incinerated  at  a 
bright  red  heat.  The  aqueous  solution  is  poured  over  the  resulting  white  ash,  eva- 
porated to  dryness,  and  heated  until  the  whole  of  the  water  is  driven  ofi^  If  the 
charcoal  were  incinerated  without  lixiviation,  the  potash  and  sodium  salts  mi^t  be 
volatilised  at  the  high  temperature  required,  and  a  considerable  proportion  ofthe  ash 
constituents  lost ;  moreover  the  ash  would  not  be  obtained  free  from  carbon. 
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{e.)  Slime  from  the  Filter  Presses. — In  order  to  control  the  operations  of 
he  sugar  mannfactnre  it  is  necessary  that  the  slime  from  the  filter  presses  should  be 
'xamined  periodically.  Several  cakes  produced  on  different  days  are  taken  and  brayed 
n  a  porcelain  mortar.  About  160  grams  are  placed  in  a  flask,  with  about  500  c.c.  Oi 
x>Uing  water,  and  carbonic  add  passed  into  the  liquor,  kept  hot,  until  all  the  lime  is 
!onverted  into  carbonlite.  This  treatment  with  carbonic  acid  has  for  its  object  the  de- 
■omposition  of  the  insoluble  sugar  lime.  The  liquor  is  filtered  into  a  capacious  fiask, 
ind  the  precipitate  well  washed  with  hot  water.  The  flask  is  then  connected  with  the 
ixbaust  pipe  of  an  air  pump  and  the  atmospheric  pressure  being  reduced  the  liquid 
•an  be  rapidly  evaporated  in  a  water  bath  without  causing  the  decomposition  of  the 
(Ugar.  When  the  volume  is  reduced  to  about  60  c.c,  the  liquor  is  poured  into  a  bottle 
)f  100  c.c.  capacity,  the  flask  washed  with  a  small  quantity  of  water  several  times, 
ind  the  solution  cleared  with  lead  acetate.  It  is  then  made  up  to  100  c.c,  filtered, 
ind  examined  in  the  polarisation  apparatus. 

(d.)  Pressings,  and  Maceration  and  Diffusion  Residues. — Care  being 
^en  to  obtain  an  average  sample,  the  substance  is  divided  as  finely  as  possible,  the 
pressings  by  tearing  apart^  and  the  diffusion  residues  by  cutting.  A  quantity  of  not 
less  than  100  grams  is  taken,  treated  with  cold  water,  and  lime  water  or  milk  of  lime 
idded  until  it  has  a  weak  alkaline  reaction.  After  two  hours,  the  solution  is  poured 
)flf  and  replaced  by  fresh  water.  After  this  lias  also  been  poured  off|  the  insoluble 
portion  is  collected  on  a  piece  of  linen  and  well  pre.sse(l.  The  united  liquors  are 
filtered  through  paper  and  evaporated  as  above ;  the  residue  from  the  evaporation  is 
saturated  with  carbonic  acid  at  boiling  temperature,  filt-ere<i  to  separate  carbonate  of 
lime  ;  lead  acetate  is  added  and  the  clear  liquor  |K>larised. 

{e.)  Sugar  Beets. — The  beets  are  converted  into  a  paste  with  an  ordinary  hand 
rasper,  the  paste  enclosed  in  a  linen  bfig  and  pressed  in  a  hand  press.  The  residue  is 
taken  out  and  again  presse<l  as  sharply  as  possible,  as  the  juice  from  the  different 
degrees  of  pressure  has  not  the  same  composition ;  a  juice  richer  in  sugar  flowing 
from  the  slight  pressure  than  from  the  stronger.  Usually  only  the  sugar  and  non- 
saccharine  matters  in  the  juice  are  estimated.  Immediately  after  pressing,  the  juice 
is  tested  at  the  normal  temperature  with  a  Brix's  saccharometer ;  the  saccharometer 
should  sink  to  16*^*6.  If  the  saccharometer  does  not  indicate  higher  than  17°,  100  c.c. 
of  the  juice  are  removed  with  a  pipette  and  mixed  with  10  cc  basic  lead  acetate  solution. 
With  a  higher  indication  the  100  cc.  of  juice  is  diluted  with  100  cc.  of  water,  and 
20  cc.  of  lead  solution  added.  After  well  shaking  it  is  filtered  through  paper  and 
the  clear  liquor  is  placed  in  the  polarisation  apparatus.  It  has  to  be  borne  in  mind 
that  the  volume  of  juice  has  been  increased  one-tentli  by  the  acetate  of  lead  solution, 
emd  a  correction  must  be  made  accordingly.  Supposing  a  juice  undiluted  with  water 
k>  give  a  polarisation  of  82*6,  in  order  to  find  the  quantity  of  sugar  in  the  juice  un- 
mixed with  lead  acetate,  the  observation  has  to  bo  increasea  one-tenth.  The  polurisa- 
tion  corresponding  to  the  amount  of  sugar  would  therefore  be  82'5  +  8'25  =  90*76°. 
As  in  a  correctly  adjusted  instrument  each  degree  of  polarisation  shows  a  sugar  con- 
benta  of  0*1636  gram  in  each  100  c.c,  such  a  juice  would  contain  90*76  x  0*1636 » 
14*84  grams  of  sugar  in  100  cc  When  the  juice  has  been  diluted  with  100  cc.  of 
water,  and  20  cc.  of  lead  acetate  solution,  the  calculation  must  be  made  in  the  same 
way,  but  doubling  either  the  final  result  or  the  degree  of  polarisation  indicated. 

In  calculating  the  weight  per  cent  the  method  used  is  as  follows.  The  saccharo- 
meter indication  in  the  previous  example  was  16*6.  Reference  to  the  table  on  p.  878 
shows  that  this  correjiponds  with  a  specific  gravity  of  1*068,  100  c.c.  of  the  juice 
weigh  106*8  grams  and  contain   14*84  grams  of  sugar.     Consequently  it  contains 

-i^- — =  13*9  per  cent,  by  weight  of  sugar.     The  difference  between  the  original 

saocharopieter  indication  and  the  amount  of  sugar  represents  the  amount  of  non- 
saccharine  matters ;  in  this  case  it  is  16*6  —  13*0  =  2*7  per  cent.     The  sugar  quotient 

of  this  juice  (see  p.  820)  would  be  1£?  =  0  837. 

16*6 

It  has  been  already  stated  that  this  difference  only  gives  the  amount  of  non- 
Moeharine  matter  approximately,  but  sufficiently  near  for  practical  purposes.  For  an 
exBCt  estimation  the  amount  of  dry  substance  must  be  determined.  For  this  pur- 
pose a  weighed  quantity  of  juice  (say  100  grams)  is  diluted  with  an  equal  weight  of 
irater,  and  filtered  to  remove  suspended  matter,  the  thick  juice  being  difficult  to  filter 
A.boiit  20  c.c.  are  weighed  off  and  evaporated  to  dryness  in  a  water  bath,  and  the 
residue  afterwards  dried  at  100°  until  the  weight  remains  constant.  The  best  way 
te  to  stand  the  dish  in  a  larger  one  filled  with  sand  heated  to  100°,  and  place  them 
txyth  imder  the  bell  of  an  air  pump.  The  percentage  weight  of  dried  substance  found 
utB  to  be  doubled  in  consequence  of  the  dilution.  The  ash  is  estimated  by  the  method 
leecribed  for  moUsees,  a  larger  qiuintity  of  juice  being  taken. 


Hm  a 


mined  bj  BTaponting  a  vti^uA 


qiuDljtj  of  the  juiee  to  dryneia,  miiiag  Kodt.  Jime  vith  the  diy  rendae,  igniting  in  % 
eombnatioa  tuba,  and  collMtiug  the  animDnia  formed  in  litraMd  solidiunc  acid.  At 
albaminoDB  EabBlsncea  contain  on  Uie  nveraga  16  per  cent,  of  mtrogen,  the  qnantitj 
of  nitrogen  found  ii  mnttiplled  by  6'6,  IQ  order  to  rednce  it  to  albnmin.  It  bemgraqr 
difficult  to  remnve  the  dried  joice  from  the  aide*  of  the  Teasel,  very  amaU  thin  (^aa 
dishes  are  naed  for  the  evaporation  ;  they  have  a  c^Acity  of  26  e.e,  and  wiigh  scarcely 
O'S  gmm.  and  are  pounded  up  irith  the  dried  residne  in  a  mortar,  in  order  to  mix  ttw 
»hoTo  »itii  aoda  lims  nilliout  miy  loss. 

EsvTTiFiCATioN  OF  THE  Cbabcdu. — The  kilni  naed  for  the  ignition  of  tba  animal 
charcoal,  after  being  submitted  to  the  tnatment  deaeribed  on  p.  814,  are  of  rarioni  on- 

"' '  "1.    A  continuously  Mtingcaiciningkilniarepresented  by  flgs,840aj>d  641.   Ib 

?e  of  the  brickvork  (iin)  is  a  fireplnce  (k),  corered  in  by  an  arch,  in  whidi 


Fm.  641. 

fljime  piiases  fram  the  foniace  through  eighteen  flnea,  conatrncted,  in  the  intemli 
between  the  calcining  tubes,  into  an  open  space  nndtc  the  sheet-iron  tray.  ITie 
lover  ends  of  the  calcining  tubes  are  cunnected  with  bent  tubes,  each  containing  s 
aiding  damper  (/),  and  with  sheet-iron  boipa  (i  a' B  b')  sufficiently  lajge  to  nceivethe 
whole  contents  of  the  ignition  cylinders.  The  charcoal  is  spread  out  upon  the  drying 
■orface  {n).  and  when  sufficiently  dried  is  fed  into  the  tubes  (c  a).  The  heat  ia  tiua 
■aised  to  roJuess,  uud  when  the  tubes  huve  been  niaiLtuiueJ  at  tliia  tamperatar*  for 
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about  half  ko  boor  tha  dampen  (/)  nra  dmwn  out,  Hud  the  calcined  cbKTCoal  i* 
alWed  to  ftiU  into  the  boiei  (a  a!  and  b  b^.  Tba  dsmpere  are  then  dosed,  tha  tnb«« 
■gsin  filled,  and  the  operation  i«  rmeated  evei;  half  hour, 

A  ealdning  fnrnace,  iDtrodocad  b;  Cail,  is  tepn«anted  bj  figs.  6*2  to  646.    On 
Mch  mde  of  the  fireptaea  (a)  are  seriea  of  fluea,  through  which  the  hot  gnu  pasaaafkmi 


Fio.  S13. 


Fia.  M4. 


the  fire  to  the  caldniDf;  ta1>pa  (,11),  and  then  eaciipe*  thiongh  (he  flnaa  (l  l),  under  the 

diTing  aurfocn  (c  c),  into  the  chimuey  (u).     Each  of 

the  calciDing  tuhe«  cooeiate  of  three  piacea  commnni- 

cating  at  one  end  with  Ihe  drying  floor  (c),  se  shown 

in  the  larKedra«ing(llg.  644).    liieteD  tubnton  each 

side  of  the  firepiace  con  be  separated  by  two  dampers 

■ ■-    ■      tone- 

lecal- 
(JDing  pniceaa  is  commenced  the  tubes  are  made  red 
hot,  and  the  sliding  damper  (;>)  being  closed  bj  meana 
oftha  laTer  {l\  thenpper  parte  of  the  tubes  are  aboat 
half  OT  two-thirds  filled  with  charcoal  that  has  been 
partially  ignited,  and  then  fllled  np  to  the  top  with 
nenlj  dried  charcoal,  which  is  also  heaped  np 
■boTB  the  openiog  of  the  tnbes  npon  the  drying 
floor,  so  that  on  diacharging  the  charcoal  from  the 
lower  parts  of  the  tnbes  the  heaps  above  aink  i  ' 
them.  After  the  lapse  of  half  an  hour  the  slid 
damper  (j)  is  doaed  by  means  of  the  lever  (I),  and 
the  damper  (p)  is  opened  to  allow  tha  space 
bMwaeDs  and  ;  U>  become  filled  with  ignitad  char- 
ooaL  lie  damper  (p)  ia  agun  oloead,  ud  after  the 
lalf  an  honr  the  djunpar  (;}  ia  opaned 


lapaaol 
&&  int 


-r .-  -0  allow  tha  cooled  cbucoal  to 

The  damper   (<;)  is  then  agua  cHoMd,  men 


igniud  chHreoKl  it  let  do«a  hj  apcning  the  dnmp«r  ^p),  tbis  haog  rfpeated  env 
half  hour.  The  horixunlsl  wclion  of  the  calciDiug  taUu  U  otkI,  niBarariiig  about  10 
ioehps  by  3^  inchea,  and  the  distance  between  the  two  dampen  ii  abcnit  16  inehre. 

Another  common  foim  of  chaieoal 
kiln  is  represented  in  rerlJcal  loi^- 
tiidiaal  aaetioa  by  fig.  646.  He  &»• 
|iL>re  (i),  with  its  gnte  (r)  and  Are 
iliiiir  (A),  is  BO  placed  that  the  hot  gaafs 
from  the  flt«  pnn  through  the  perforated 
hrickwoTk  {//)  into  die  chifflber  (d) 
where  the  calcining  o^iDden  (ce)  arr 
Uzed.  Theae  cjlindenare  raoat  Kronglj 
heal«d  at  the  opper  pmtion  of  th« 
lower  half,  and  are  not  at  all  heated  at 
the  lower  enda,  bat  (Tb  at  thia  part 
freelj  eipoeed  to  the  air  *o  as  to  be- 
come cooled.  The  hot  gaa  from  the  fii« 
enpapes  nnder  the  diTing  floor  (r) 
through  the  flne  {*)  into  the  ehimnej. 
The  dioRoal  is  fed  into  the  cjliaden 
at  their  npper  ends,  where  it  is  gn 
dnally  heated  nntii  it  reaehea  that 
portion  of  the  cjlindsn  where  it  is 
fully  ignited.  Abant  ersry  twenty 
minatea  the  dampers  (j  t)  by  which  the 
lower  ettds  of  the  tnbea  an  doesd  are 
pened  so  as  to  allow  abont  ona-foartli 


into  sheet-iron  boxes  placed  beneath,  while  a  farther  eqniTalei 
into  the  cylinders  at  their  upper  ends.  In  this  way  the  charcoal  ii 
up  to  a  snflScientl;  high  temperature  and  then  cooled  in  the  lower 
ders  boroTC  being  •linchargeJ. 


quantity  ii 
gradoally  heated 
oda  of  the  oylin- 


ALCOHOL. 

The  tenn  alcohol  was  formerly  restricted  to  a  substance  which  is  the  characteristic 
constituent  of  wine,  beer,  and  similar  fermented  beverages ;  it  is  now,  however,  employed 
not  only  in  this  special  sense  but  also  as  a  generic  designation  of  a  number  of  sub- 
stances analogous  to  that  existing  in  wine,  etc.  These  substances  have  all  a  similar 
constitution,  and  may  be  regarded  as  the  hydrates  of  organic  radicles  resembling 
metals  in  their  chemical  relations,  or  as  derivations  of  hydrocarbons  by  the  replace- 
ment of  one  or  more  hydrogen  atoms  by  hydroxyl.  Thus,  for  instance,  the  alcohol  of 
wine  may  be  represented  by  the  formulae : — 

^*h}^        or        CjH,  (OH). 

Wine  alcohol  is  ordinarily  the  product  of  an  alteration  of  sugar  under  the  in- 
fluence of  organised  bodies  of  a  low  order,  called  yeast,  the  change  being  one 
instance  of  that  class  of  phenomena  known  under  Uie  name  of  fermentation,  and 
the  formation  of  alcohol  from  sugar  takes  place  according  to  the  following  equation : — 

CgH„Og  -  200,  +   2C,H.O. 

Fermentation  is  a  chemical  change  which  takes  place  in  certain  organic  subetanees 
when  they  are  in  contact  with  other  nitrogenous  organic  or  organised  bodies,  called 
ferments,  and  by  some  it  is  considered  that  this  change  is  effected  without  these 
latter  taking  any  material  part  in  the  process.  Hence  fermentation  has  been 
considered  to  belong  td  those  processes  which  depend  upon  so-called  contact  action. 

As  to  the  way  in  which  the  yeast  ferment  acts  upon  sugar  a  number  of  hypotheses 
have  been  set  up.  This  much  is  certain,  that  the  yeast  ferment  and  the  sugar  must 
come  into  contact  in  order  to  secure  fermentation.  On  the  other  hand,  it  is  uncertain 
whether  the  products  of  fermentation  are  so  far  due  to  the  vital  action  of  the  ferment 
cells  that  the  sugar  is  taken  up  as  food  into  their  organism,  and  there  decomposed 
into  alcohol  and  carbonic  acid,  etc.,  or  whether  the  ferment  cells  contain  a  substance 
capable  of  decomposing  sugar,  with  which  the  sugar  solution  comes  into  contact,  possibly 
by  diffusion  through  the  cell  membranes.  This  last  hypothesis  seems,  according  to  the 
most  recent  researches  on  the  subject,  to  be  the  true  one. 

The  decomposition  in  question  may  be  an  analytical  process,  as  is  the  case  in  alco- 
holic fermentation  (where  sugar  breaks  up  into  alcohol  and  carbonic  acid)  or  in  the  lactic 
acidfarmentation  (where  su^ar  breaks  up  mto  two  molecules  of  lactic  acid).  The  process 
may  also  be  synthetical,  as  m  the  formation  of  sugar  from  starch  by  means  of  diastase ; 
finally  analysis  and  synthesis  may  go  on  simultaneously,  as  in  the  acetic  fermentation 
in  which  hydrogen  is  liberated  and  oxygen  absorbed. 

As  regards  the  nature  of  the  substances  exciting  fermentation  two  kinds  may  be 
distiogui^ed. 

1.  Where  the  ferment  is  a  nitrogenous  organic  (non-organised)  substance,  as  for 
instance  protein  substances  in  a  state  of  decomposition,  saliva,  etc. 

2.  Where  the  ferment  is  an  organised  body,  some  low  vegetable  organism  or  in- 
fusorium, as  in  the  alcoholic,  the  lactic,  and  butyric  fermentation,  etc. 

It  is  probable  the  way  in  which  the  two  kinds  of  ferments  act  is  identical,  and 
that  the  ferments  of  the  second  class,  by  virtue  of  their  vitality,  produce  a  substance  of 
the  nature  of  the  first  class,  which  then  itself  causes  the  phenomenon  of  fermentation 
either  with  or  without  the  ferment  itself. 

In  each  class  of  ferments  may  be  further  distinguished  a  number  of  individual 
ferments,  which  differ  from  one  another  in  their  individual  nature  as  well  as  in  their 
manner  of  action.  Thus  diastase  converts  starch  into  sugar,  decaying  cheese  converts 
milk  sugar  into  lactic  acid,  the  protein  substances  convert  sugar  into  mannite,  yeast 
converts  sugar  into  alcohol  and  carbonic  acid,  and  mother  of  vinegar  converts  alcohol 
into  acetic  acid. 

Yeast  belongs  to  the  organised  ferments ;  it  is  a  kind  of  fungus  consisting  of  a 
munber  of  cells  linked  together  like  a  chain,  and  differing  in  form  and  sise.    The 
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indiTidiial  cells  aw  roun.l  ur  otal,  their  diameter  rarie*  between  0-«>25  aii*l  OrOl 

millimetres. 

The  composition  of  yeast  is  shown  by  the  following  analyses :— 


Carbon 

H^rdrogen 

Nitrogen 

Oxygen  and  snlphnr   . 

Scfakaibergvr           | 

^Arw^r 

501 
6-5 
1118 
31-6 

470 
6-2 
9-8 

35-9 

45*5 
62 
9-4 

38-9 

52-5 
7-2 
9-7 

306 

The  ferment  cells  break  np  into  the  characteristic  cell  substance  and  the  call  con- 
tents. The  cell  substanee  has  the  composition  of  ordinary  cellulose ;  the  cell  con- 
tents coDsist  of  a  portion  which  can  be  dissolved  out  b^  means  of  acetic  acid  or  dilute 
solution  of  potash,  leaving  the  cell  substance  as  a  residue.  Upon  the  neutralisation 
of  the  solvent,  the  dissolved  substance  is  precipitated,  with  the  loss  however  of  its 
sulphur.    Its  composition  appears  from  the  following  analyses  by — 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 


Fkoiu  Acetio  Add 
Mulder 


53-3 

70 

160 

28-7 


From  Po«m1i  SolutiaB 
8chkM«benrer 


550 

7*5 

13-9 

28*6 


The  ash  of  yeast  consists  essentially  of  phosphoric  acid  and  potash,  with  small 
quantities  of  magnesia  and  lime.  It  amounts  to  about  7|  per  cent,  of  the  weight  of 
the  yeast. 

Formation  of  Yeast, — The  formation  of  yeast  is  assumed  to  depend  upon  the 
presence  of  germs  and  spores  suspended  in  the  air,  which  begin  to  develop  when  thej 
mil  into  liquids  suitable  in  containing  the  nutriment  necessary  to  their  propagation. 

The  presence  in  the  air  of  germs  necessary  for  bringing  about  the  propagation  of 
yeast  has  been  inferred  by  the  following  experiment  by  M.  Pasteur: — 

A  solution  of  sugar  containing  the  necessary  food  for  yeast  germs  is  boiled  in  a 
glass  fiask  long  enough  to  secure  the  destruction  of  all  germs  and  spores  previoosly 
contained  in  the  liquid,  as  well  us  to  drive  out  the  air  in  the  neck  of  the  flask  and 
replace  it  by  steam,  whereupon  the  neck  of  the  flask  is  sealed.  A  flask  thus  prepared 
may  be  left  for  weekn  at  the  temperature  (30^  to  33°)  most  suitable  for  the  propaga- 
tion of  yeast  without  any  formation  of  ferment  or  fermentation  ;  on  the  other  hand, 
l>oth  furmation  of  ferment  and  fermentation  begin  directly  the  flask  is  opened  and  ex- 
posed  to  tho  air,  especially  when  a  little  dust  is  thrown  into  the  flask. 

The  foo<l  of  the  yeast  plant  consists  of  carbonaceous  and  nitrogenous  substancee, 
as  well  as  of  those  inorganic  substances  found  in  the  ash  of  yeaet,  which  are  chiefly 
potash  and  phosphoric  acid.  Sugar  serves  as  the  carbonaceous  constituent ;  the  nitro- 
genous and  inorganic  substances  are  contained  in  the  juice  of  most  plants  or  extracts 
prepared  from  them,  the  first  in  the  form  of  albuminoids,  the  latter  in  the  form  of 
vanous  Halts. 

A  liquid  capable  of  supporting  yeast  vegetation  may  be  artificially  prepared  l>y 
dissolving  sugar  and  ammonium  tartrate  in  water,  adding  a  small  quantity  of 
potassium  carbonate  and  glacial  phosphoric  acid,  then  saturating  the  liquid  with 
carbonic  acid,  and  finally  adding  a  very  small  quantity  of  calcium  carbonate  and  of 
magnesium  carbonate. 

The  growth  of  veast  is  stopped  by  the  addition  of  strong  mineral  acids  or  large 
quantities  of  qfganic  acids,  also  by  salt,  sulphur,  and  a  number  of  other  reagenti*: 
small  quantities  of  organic  acids  arc  however  not  prejudicial. 

All  kinds  of  sugar  are  not  capable  of  undergoing  alcoholic  fermentation.  Thr 
kinds  of  sugar  usually  employed  in  carrying  on  fermentation  industrially,  namely 
grape  and  fruit  sugar,  are  capable  of  direct  fermentation.  On  the  other  hand,  cone 
sugar  and  milk  sugar  have  not  the  power  of  direct  ferm«>ntation,  but  may  easily  be 
converted  into  fermentable  sugar.  This  transformation  may  bo  efiTectea  either  by 
treatment  with  acids  or  by  prolonged  contact  with  large  quantities  of  yeast.  The 
conversion  of  cane  sugar  into  fermentable  sugar  is  designated  inversion,  and  is  a 
fhange  analogous  to  fermentation. 

The  process  of  fermentation  is  unequally  rapid  in  proportion  to  the  quantifef  of 
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sugar  in  solution,  the  meet  favourable  proportion  of  sugar  in  a  solution  being  12  per 
eent. ;  more  sugar  hinders  the  fermentation. 

Not  only  an  excess  of  sugar  but  an  excess  of  alcohol  also  retards  the  progress  of 
fermentation,  so  that  in  a  solution  containiug  much  sugar,  after  a  certain  quantity  of 
alcohol  is  formed  by  fermentation,  the  remaining  sugar  ceases  to  ferment,  because  the 
further  fermentation  is  hindered  by  the  alcohol. 

The  relative  proportions  of  sugar  and  yeast  also  influence  the  duration  of  the 
fermentation.  In  practice,  in  order  to  secure  quick  fermentation,  the  proportions  used 
are  6  parts  of  sugar  to  1  of  yeast,  although  the  same  quantity  of  yeast  is  capable  of 
fermenting  a  much  greater  quantity  of  sueir. 

The  phenomena  of  fermentation  also  differ  with  the  temperatures  at  which  it  is 
allowed  to  take  place.  Up  to  a  certain  point  the  rapidity  of  the  fermentation  increases 
with  the  temperature,  but  when  a  temperature  of  33^  is  reached,  the  fermentation 
becomes  slower,  and  a  further  rise  stops  it  altogether. 

When  fermentation  is  conducted  at  a  low  temperature  the  yeast  employed  remains 
at  the  bottom  of  the  fermenting  liquor,  and  this  fermentation  is  known  as  sedimentary 
fermentation.  This  kind  is  considerably  employed  industrially ;  the  most  suitable 
temperature  for  conducting  it  being  between  5^  and  10^. 

The  other  kind  of  fermentation,  which  is  conducted  at  a  temperature  of  between 
10®  and  24®,  is  more  rapid,  and  is  known  as  surface  fermentation,  owing  to  the  fact 
that  the  yeast  cells  rise  to  the  surface  in  consequence  of  the  strong  development  of 
carbonic  add. 

The  poducts  of  the  fermentation  of  sugar  with  yeast — alcoholic  fermentation — are 
chiefly  alodhol  and  carbonic  acid. 

Aoout  6-6  per  cent  of  the  sugar  is,  however,  decomposed  into  glycerin,  succinic 
acid,  and  carbonic  acid,  jrielding  at  the  same  time  material  for  the  formation  of  the 
jeast  cells.  The  quantities  in  which  the  latter  substances  are  produced  are,  according 
to  Pasteur,  as  follow : — 

Sucdnie  add 0*d-0'7  per  cent. 

Glycerin 3'2-8*6    „     „ 

Carbonic  add 0'6-07    „     „ 

Cellulose  and  fattj  substances       ....  1*2-1*5    „     „ 

Prosed  Yeast, — For  purposes  of  storing,  yeast  is  deprived  of  the  greater  part  of 
its  water  and  other  impurities,  by  a  process  of  washing  and  pressing,  the  product 
being  known  as  pressed  yeast.    8ur&ce  yeast  is  most  suited  for  this  purpose. 

The  veast  is  pressed  through  linen  or  a  hair  sieve,  so  as  to  remove  particles  of 
hops  and  other  impurities  ;  the  Altered  liquid  is  then  allowed  to  stand  whilst  the  yeast 
settles  to  the  bottom.  The  supernatant  liquid  is  then  decanted  off;  the  yeast  treated 
wiUi  a  fresh  quantity  of  cold  water,  and  the  whole  thoroughly  stirred  up.  These 
operations  of  decanting  and  washing  are  repeated  until  the  wash  water  ceases  to  give 
an  add  reaction.  The  thoroughly  washed  yeast  is  finally  mixed  with  16  to  30  per 
cent,  its  weight  of  starch,  filled  into  sacks  and  pressed.  This  pressed  yeast  comet 
into  the  market  in  lumps  of  a  pound  in  weight,  whence  it  is  sometimes  called  pound 
yeast. 

Artificial  Yeast. — The  consumption  of  yeast  is  so  great  that  frequently  it  is  manu- 
flMtored  by  itself.  For  this  purpose  thin  mash,  or  still  better,  dear  wort,  is  employed 
to  which,  in  order  to  secure  the  formation  of  yeast  cells,  as  much  as  posdble  of  the 
nitrogenous  compound  of  malt  is  added ;  a  small  quantity  of  sulphuric  add— about 

^1  per  cent,  of  the  weight  of  groats  is  employed — previously  (uluted  with  water, 
ing  added  to  the  solution  of  gluten.    Artificial  yeast  is  much  used  in  distilleries  ;  a 
more  detailed  account  of  its  preparation  will  therefore  be  given  under  that  head. 

In  what  has  preceded,  the  results  attending  the  vinous  fermentation  have  been 
detailed,  but  fermentation  is  a  process  in  nowise  limited  to  carbohydrates  of  the 
dass  of  grape  sugar,  neither  is  it  dependent  upon  one  particular  ferment.  For 
instance,  ordinary  yeast  does  not  consist  only  of  the  cells  of  Tbrula  oerevisia,  but  also 
contains  some  of  Pcnicillium  glaucum ;  those  last  may  be  separated  in  some  measure 
by  shaking  up  yeast  with  water  and  filtering ;  the  Torula  cells,  being  the  larger,  are 
retained  by  the  filter,  and  when  added  to  a  sugar  solution,  they  cause  die  alcoholic  fer- 
mentation, but  tbe  filtrate  containing  the  cells  of  Penicillium,  if  added  to  a  sugar  solution, 
causes  the  lactic  fermentatiun  to  sot  io. 

Again,  an  aqueous  extract  of  yeast  rapidly  converts  cane  sugar  into  dextrose  and 
Iieyuloee,  but  cannot  further  infincnce  it. 

This  last  process  is  suggestive  of  that  form  of  fermentation  which  is  supposed  by  Bernard 
and  others  to  cause  the  transformation  of  liver  glycogen  or  dextrine  into  glucose — ^in  itself 
meiely  a  prooees  of  hydration.  But  Pasteur  and  his  disdplee  consider  this  act  due  to 
the  iiinaence  of  a  spedal  ferment  in  the  blood,  which,  while  it  causes  this  change, 
zepnodaees  itself  from  a  part  of  the  material  infiuenoed  by  it. 
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Not  80,  however,  did  Liebig  regard  tuch  prooeBsae  of  fennentatioo  ;  it  wai  snflfei- 
ent  for  him  that  the  conditions  necessary  for  starch  to  take  up  a  moleciile  of  water 
were  present ;  he  did*  not  perceive  the  necessity  of  believing  we  result  due  to  a  fonn 
of  life,  all  that  was  required  being  the  presence,  and  the  contact  of  a  substance  itself  in 
process  of  change.  Thus  he  compared  such  processes  to  the  decompositkm  of  aigen- 
tic  oxide  caused  by  its  contact  with  peroxide  of  hydrogen.  The  L&tter  bo^  beiDg 
unstable  and  slowly  undergoing  decomposition,  influences  the  oxide  of  silver  in  a  simi- 
lar manner,  and  the  contact  action  is  therefore  expressed  by  the  equation  "Hfi^  +  Agfi 
=  H,0  +  Ag,  +  Oy 

Here  it  is  that  Pasteur  and  Liebig  differed.  Pasteur  regards  all  processes  of  £bc- 
mentation  as  essentially  '  correlative  phenomena  of  a  vital  act ;  beginning  and  ending 
with  it ; '  so  that  wherever  there  is  fermentation,  there  is  also  organisation,  develop* 
ment,  and  multiplication  of  the  globules  of  the  living  ferment.  Liebig  never  sd- 
mitt^  the  necessity  of  the  living  element.  But  after  all,  the  difference  between  these  two 
views  is  but  slight ;  in  both  the  direct  cause  is  aomething  in  change ;  whether  that 
change  be  essentially  connected  with  the  function  of  life  possessed  by  cells  and  spons 
is  a  matter  not  even  yet  decided. 

It  is  not  possible  nor  desirable  here  to  enter  into  a  further  consideration  of  the  lifb 
processes  of  yeast.  It  is  sufficient  to  remember  that  in  a  large  measure  the  oonditions 
upon  which  the  life,  health,  and  disease  of  cells  depend  have  been  established,  and  it 
has  even  been  demonstrated  bv  Pasteur  that  yeast,  like  higher  forms  of  life,  breathes. 

There  are  many  other  media  in  which  yeast  excites  a  process  of  decomposiUan, 
but,  so  far  as  observed,  malic  acid  is  the  only  plant  acid  which  admits  of  the  multi- 
plication  of  the  yeast  cell.  When  a  mixture  of  calcic  malate  with  water  and  yeast  is 
set  aside  in  a  warm  place,  the  acid  is  split  up  into  succinic,  acetic,  and  carbonic  add 
and  water,  thus : 

SC^H.O,  =  2C4H,04  +  C^^Oj  +   2CO5  +   H,0. 

If  toe  temperature  rises  beyond  a  certain  point,  hydrogen  is  evoWed  and  butyric 
aeid  is  formed.  Again,  if  a  solution  of  cane  sugar  or  milk  sugar  be  mixed  with  stale 
cheese  or  milk,  and  chalk,  and  kept  at  30^-35°,  the  sugar  is  gradually  converted  into 
lactic  acid,  and  the  process  is  termed  the  lactic  fermentation,  CgH|,0«e=2C,HcO, ;  the 
chalk  merely  serves  to  neutralise  the  acid  as  it  forms,  otherwise  its  presence  would 
stop  the  fermentation.  When  this  change  is  completed,  the  calcic  lactate  gradually 
disappears,  and  butyrate  is  formed,  while  hydrogen  is  evolved ;  other  products  also 
accompany  the  butyrate  of  lime. 

Another  form  of  fermentation  and  one  well  known  is  the  acetous,  which  consists  in 
the  transformation  of  alcohol  into  acetic  acid,  by  the  agency  of  the  ferment  Afi/co- 
derma  aceti.  This  change  is  one  of  oxidation  only,  and  it  appears  that  the  ferment 
acts  like  spongy  platinum,  viz.  as  a  carrier  of  oxygen. 

There  are  many  other  processes  of  fermentation,  among  which  that  termeii 
mucous  fermentation  is  induced  in  sugar  by  some  nitrogenous  substances,  and  ter- 
minates in  the  production  of  mannite,  lactic  acid,  and  hydrpgen,  together  with  carbonic 
anhydride. 

Emulsin  (a  nitrogenous  constituent  of  bitter  almonds)  also  splits  up  amygdalin 
into  benzoic  sddehyde,  glucose,  and  hydrocyanic  acid.  The  ptyaline  of  saliva  conreitb 
starch  into  glucose  ;  the  pepsine  of  the  gastric  juice  renders  soluble  the  albuminous 
constituents  of  food,  with  some  slight  change.  All  these  may  be  regarded  as  fermen- 
tative changes,  just  in  the  same  way  also  as  putrefaction  is  of  the  same  nature. 
When  albuminous  suljstances  are  allowed  to  putrefy  by  contact  with  the  air,  in  the 
presence  of  moisture,  the  albumin  is  decomposed,  yielding  a  number  of  products  whidi 
are  identical  with  those  obtained  from  the  same  substance,  by  a  comliined  chemi<^ 
process  of  oxidation  and  hydration.  That  is  to  say,  the  changes  induced  by  fermenta- 
tion are  of  an  ordinary  chemical  type,  and  it  is  only  by  chemical  means  that  it 
can  bo  decided  whether  such  changes  are  primarily  duo  to  the  presence  of  living 
organisms,  or  whether  that  is  merely  a  coincident  circumstance. 

In  the  case  of  albumin,  for  instance,  a  knowledge  of  its  composition  and  of  its 
decomposition  products,  as  well  as  the  total  products  induced  by  what  is  termed 
fermentation  or  putre&ction,  may  make  it  possible  to  decide  upon  the  measure  of 
the  influence  exerted  by  cell  life  in  the  process.  Albumin  is  a  complex  substance 
liable  to  change ;  exposed  to  the  air  and  moisture  it  is  speedily  contaminated  with 
germs  and  spores  ;  in  their  nutrition  the  albumin  is  finally  quite  destroyed  by  oxida- 
tion and  hydration. 

A  word  may  here  be  said  appropriately  concerning  antiseptics.  Albumin  in  a 
combined  state  is  not  nearly  so  prone  to  change  as  when  in  a  free  state,  so  that  if  it 
be  possible  to  effect  such  combination,  or  if  it  be  possible  to  shroud  the  albumin  ttom 
oxygen  in  any  way ;  as,  for  instance,  by  enveloping  it  with  a  medium  of  an  agent  not 
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peiietnble  by  oxygen,  or  having  a  greater  affinity  fur  oxycen  than  albumin  has,  then 
the  albumin  may  bo  preserved  from  change,  and  in  so  far  the  agent  employed  for  this 
pnrpoM  becomes  ixn  antiseptic. 

Cliaracters. — Alcohol  is  a  colourless  liquid,  having  a  peculiar  agreeable  odour 
and  a  burning  taste.  In  the  raw  state,  as  it  is  obtained  by  distillation  of  fermented 
liquors,  the  smell  and  taste  are  modified  by  tfie  presence  of  other  substances,  which 
are  formed  at  the  same  time  \iith  alcohol  in  the  process  of  fermentation,  and  are  col- 
lectively designated  fusel  oil.  In  a  diluted  state,  alcohol  has  an  agreeable  taste. 
Mixtures  of  about  equal  parts  of  alcohol  and  water,  with  various  flavouring  substances 
in  small  proportion,  constitute  the  different  kinds  of  spirits  used  for  drinking.  In 
this  state,  alcohol  exerts  a  peculiar  stimulating  influence  upon  the  nervous  system, 
and  in  large  doses  it  produces  intoxication  and  stupor.  The  action  of  all  alcoholic 
beverages  is  due  to  the  alcohol  they  contain.  In  a  concentrated  state,  alcohol  acts  as 
a  poison. 

The  specific  gravity  of  alcohol  at  a  temperature  of  15^  is  0*7047.  and  at  0°  it  is 
0  8064;  its  specific  heat  is  0*6 15,  as  compared  with  that  of  water  taken  as  unity,  according 
to  Kopp ;  and  the  latent  heat  of  vaporisation  is  208'92,  while  that  of  water  is  636*5. 
Alcohol  boils  at  78*^4  under  a  barometric  pressure  equal  to  0*760.  This  low  boil- 
ing point  of  alcohol  admits  of  the  separation  of  alcohol  from  water  by  distillation, 
and  by  reason  of  the  low  specific  heiit,  sis  well  as  the  low  latent  heat,  it  is  possible  to 
increase  the  strength  of  a  mixture  of  alcohol  vapour  and  water  by  abstracting  part  of 
its  heat,  the  effect  being  the  condensation  of  water  vapour  chiefly,  while  the  alcohol 
remains  uncondensed.  Alcohol  vaporises  to  some  extent,  at  all  temperatures,  and  on 
this  account  there  is  liability  to  loss  when  alcoholic  liquids  are  kept. 

The  vapour  of  alcohol  is  inflammable  even  when  mixed  with  air,  and  therefore 
care  must  be  taken  to  avoid  bringing  a  light  near  to  it ;  neglect  of  this  precaution 
has  often  given  rise  to  serious  accidents.  Alcohol  is  also  readily  inflammable  in  the 
liquid  state,  and  it  bums  with  a  bluish  flame,  emitting  but  little  light.  The  presence 
of  foreign  substances  communicates  to  the  flame  of  alcohol  characteristic  colours ; 
sodium  salts  produce  a  yellow  colour,  strontium  salts  a  purple  red  colour,  calcium 
salts  a  yellowish  red,  and  copper  salts  a  green  colour. 

Alcohol  is  miscible  with  water  in  all  proportions,  and  in  the  pure  state  it  has  such 
an  attraction  for  water,  that  it  absorbs  it  from  the  atmosphere.  On  mixing  alcohol 
with  water  heat  is  evolved,  and  after  cooling  there  is  a  considerable  contraction  of 
volume,  so  that  the  bulk  of  the  mixture  is  always  less  than  the  joint  bulk  of  the  sepa- 
mte  liquids.  This  contraction  is  grcjitest  when  53*7  parts  by  measure  of  alcohol  are 
mixed  with  49*8  parts  of  water,  and  the  volume  of  the  mixture  is  100  parts  instead  of 
103*5.  By  reason  of  this  contraction,  the  spociflc  gravity  of  mixtures  of  alcohol  and 
water  does  not  correspond  with  the  proportions  of  the  two  liquids.  The  relations 
between  the  specific  gravities  of  such  mixtures,  and  the  relative  amounts  of  water  and 
alcohol,  have  been  studied  by  Gilpin  and  Gay-Lussac,  and  tables  have  been  constructed 
by  which  these  data  can  be  ascertained,  those  uf  Tralles  referring  to  a  temperature  of 
15®j  (60°  F.),  while  those  of  Gay-Lussac  refer  to  a  temperature  of  16®.  In  order  to  ob- 
viate the  use  of  specific  gravity  determinations  and  tables  indicaiting  the  correspond- 
ing amounts  of  alcohol  and  water,  aerometers  have  beou  constructed,  by  means  of 
which  the  amount  of  alcohol  may  bo  directly  uscertiiined.  In  Fnince,  Gay-Lussac*8 
alcoholometer  is  employed,  and  in  Germany  that  of  Tralles.  I^th  indicate  differences 
of  specific  gravity  which  are  in  excess  of  those  that  may  result  from  tempenituro 
witmn  the  ordinary  range  of  variation,  but  Tralles*  alcoholometer  is  most  to  be  de- 
pended upon  for  accuracy.  Besides  the  alcoholometer  of  Gay-Lussac.  there  is  anotlier 
instrument  used  in  France,  that  of  Carlier,  which  is  constructed  upon  a  purely  empirical 
basis.  The  scale  is  divided  into  44  parts  or  degrees,  and  immersion  to  10°  represents 
the  specific  gravity  of  wsiter,  while  44°  represents  the  specific  gravity  of  absolute 
alcohol.  A  further  difference  between  this  instrument  and  others  consists  in  the  ob- 
servation of  gravities  being  conducted  at  a  temperature  of  12°'5. 

Sykes's  hydrometer  is  the  one  officially  employed  in  this  country ;  it  is  made  of 
metal,  and  has  a  four-sided  stem  divided  into  eleven  equal  parts,  which  fits  into 
a  hollow  brass  ball,  while  at  the  opposite  side  of  the  ball  there  is  another  stem 
of  sufficient  weight  to  make  the  instrument  float  upright  in  a  liquid,  and  shaped 
in  such  a  manner  that  the  weights  for  loading  the  stem  can  be  slipped  upon  it. 
The  instrument  is  adjusted  to  float  with  the  zero  of  the  scale,  in  spirit  of  specific 
grayity  0*825  at  60°  F.  (16*6),  coinciding  with  the  surface  of  the  liquid.  The  mixture 
of  alcohol  and  water  having  this  density  contains  89  per  cent,  by  weight  of  absolute 
alcohol,  and  it  is  the  standard  alcohol  of  the  Excise.  In  weaker  spirit  the  in- 
strument does  not  sink  so  low,  and  if  the  density  of  the  liquid  be  much  greater,  it  is 
necessary  to  hang  one  of  the  weights  upon  the  lower  stem,  in  order  to  cause  the  im- 
mersion of  the  biSb. 
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In  France  the  strength  or  alcoholic  contents  of  liquids  is  expressed  as  follows : 

Oartier  Chiy-LiuMMS 

Anhydrous  or  absolute  alcohol  .44  .100 

Bectifled  spirit 39 

^^  It  »»  ...... 

Wine  spirit 


i»        »» 

ti  n 


39 

94-1 

36 

89*6 

33 

84*4 

22 

58-7 

21-6 

58- 

20 

52-5 

19 

491 

18 

45'5 

Brandy  (Co^ac) 

Ordinary  spirit 19 

Weak         ., 18 

In  Germany  the  value  of  alcoholic  liquids  is  indicated  by  the  amount  of  pun 
alcohol ;  spirit  of  80  per  cent  for  instance  is  a  mixture  of  alcohol  and  water,  contain- 
ing 80  per  cent,  by  Tolume  of  anhydrous  alcohol  measured  at  a  temperature  of  16^| 
(  =  12<>t  R  or  60=^  F.) 

Strong  alcohol  is  a  powerful  solvent  of  many  substances ;  it  diseolres  the  hydrates 
and  the  sulphides  of  the  alkali  metals,  and  many  salts,  especially  those  which  are  deli- 
quescent, such  as  calcium  chloride,  magnesium  chloride,  strontium  chloride,  caldom 
nitrate,  and  magnesium  nitrate,  but  strontium  nitrate  is  insoluble  in  aloohoL 

Mercuric  chloride  is  dissolved  by  alcohol  more  readily  than  by  water;  mereorie 
bromide  and  mercuric  iodide  are  likewise  soluble  in  alcohoL  Many  other  salts 
which  are  soluble  in  water  do  not  dissolve  in  alcohol ;  and  this  character  is  often 
taken  advantage  of  in  analysis  for  effecting  the  separation  of  substances,  as  wall  as  in 
the  purification  of  some  preparations.  Substances  that  are  soluble  in  water  bnt  in- 
soluble in  alcohol  may  sometimes  be  precipitated  from  their  aqueous  solutions  hj  the 
addition  of  alcohol.  The  solubility  of  calcium  nitrate  in  alcohol  is  applied  technieally 
for  separating  this  salt  from  strontium  nitrate.  Ferrous  sulphate  is  insoluble  in  al- 
cohol, and  in  order  to  prepare  this  salt  in  a  pure  state  it  is  precipitated  frcfm  the 
aqueous  solution  by  adding  alcohol.  Many  organic  substances  which  are  insoluble  in 
water  dissolve  reaculy  in  alcohol,  as,  for  instance,  ethereal  oils,  most  resins,  and  vege- 
table alkaloids,  the  fat  acids,  some  fat  oils,  hydrocarbons,  paraffin,  camphor,  soap,  etc 

The  alcoholic  solutioDs  of  ethereal  oils  are  used  in  preparing  the  solutions  of 
resins,  in  varnishes ;  the  solubility  of  vegetable  alkaloids  is  tu^en  luivantage  of  in  the 
preparation  of  these  substances,  and  by  the  evaporation  of  an  alcdhoUo  scdution  of 
soap  the  material  known  as  transparent  soap  is  obtained. 

Concentrated  alcoholic  solutions  of  some  salts  deposit,  on  cooling,  crystals  which 
contain  alcohol  as  a  constituent,  in  the  same  manner  that  water  is  sometimes  a  con- 
stituent of  crystallised  salt.  Compounds  of  this  kind  were  termed  by  Graham 
alcoholates. 

The  chemical  action  of  substances  upon  each  other  is  sometimes  modified  by 
alcohol,  according  to  the  solubility  or  insolubility  of  the  substances  to  which  they  are 
capable  of  giving  rise.  Thus  when  carbon  dioxide  is  passed  into  an  alcoholic  solution 
of  potassium  acetate,  potassium  bicarbonate  is  precipitated,  and  acetic  acid  is  produced. 
In  aqueous  solutions,  however,  all  carbonates  are  readily  decomposeii  by  acetic  acid. 

Under  the  influence  of  atmospheric  oxygon,  alcohol  undergoes  a  gradual  decom- 
position, and  is  converted  into  acetic  acid ;  but  ttiis  change  takes  place  only  to  a  slight 
extent  when  the  alcohol  is  not  very  much  diluted  with  water,  very  dilute  alcoholic 
liquids  when  distributed  throughout  ]x)rous  substances,  so  as  to  expose  an  extended 
surface  of  contact  with  the  atmosphere,  rapidly  absorb  oxygen,  and  the  alcohol  they 
contain  is  thus  converted  into  acetic  acid.  The  preparation  of  vinegar  by  what  is 
termed  the  quick  process  depends  upon  this  fact 

By  the  mutual  reaction  of  concentrated  sulphuric  acid  and  alcohol  at  the  ordinary 
temperature,  there  is  formed  ethyl-sulphuricacid,  and  when  this  substance  is  heated 
with  an  excess  of  sulphuric  acid  to  a  temperature  of  140°,  while  a  stream  of  alcohol  is 
allowed  to  flow  slowly  into  the  mixture,  decomposition  takes  place,  ethcT  and  water 
being  formed  which  distill  over  together ;  and  by  suitably  regulating  the  supply  of 
alcohol,  as  well  as  the  temperature  of  the  mixture,  the  sulphuric  acid  is  but  veiy 
slightly  altered.  When  the  temperature  is  raised  above  the  point  mentioned,  a 
further  decomposition  takes  place,  and  the  alcohol  is  converted  into  olefiantgas. 

Vreparatloii. — In  order  to  obtain  pure  absolute  alcohol,  the  spirit  resulting  from 
the  distillation  of  any  fermented  liquors  must  be  first  subjected  to  various  operations 
for  the  purpose  of  purifying  and  concentrating  it.  The  product  thus  obtained  eou- 
stitutes  the  reetifiedspiritof  commerce,  which  should  be  free  from  other  alcohol, 
and  contain  no  more  than  from  five  to  eight  per  cent,  of  water.  This  amount  of 
water  cannot  be  separated  from  alcohol  by  mere  distillation,  and  the  oompleta  dehy- 
dration can  only  be  effected  by  bringing  the  alcohol  into  contact  with  sahstaaeat 
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which  combine  chemically  with  water,  and  form  componndB  that  are  not  again  decom- 
posed at  the  temperature  of  boiling  alcohol.  Thus,  for  instance,  when  alcohol  contain- 
ing  water  is  mixed  with  quicklime,  the  water  is  abstracted  by  reason  of  the  formation 
of  calcium  hydrate,  from  which  the  alcohol  may  then  be  separated  by  distillation. 
Another  plan  of  abstracting  the  water  from  dilute  alcohol  consists  in  mixing  it  with 
cnpric  sulphate,  from  which  the  water  of  crystallisation  has  been  separated  by  heating 
the  salt.  After  some  time,  the  water  in  the  alcohol  is  taken  up  by  the  cupric  sulphate. 
Galdum  chloride  in  a  dry  state  acts  in  the  same  manner.  Alcohol  may  be  to  a  great 
extent  deprived  of  water  by  these  substances  ;  but  when  quicklime  is  used  for  the  jj^ur- 
poee,  the  product  often  has  a  disagreeable  smell  and  taste,  which  may  be  due  to  the 
action  of  the  lime  upon  some  foreign  substance  in  the  spirit,  or  to  a  slight  decomposi- 
tion of  the  alcohol  itself. 

In  preparing  absolute  alcohol  on  a  small  scale,  cupric  sulphate  may  be  con- 
Teniently  used.  For  this  purpose,  the  coarsely  powdered  salt  is  heated  in  an  iron  pan 
until  its  blue  colour  disappears,  and  it  is  converted  into  an  almost  white  powder,  con- 
sisting of  anhydrous  cupnc  sulphate.  A  quantity  of  this  powder  is  placed  in  a  flask 
and  covered  with  rectified  spirit,  the  flask  closed  with  a  cork,  and  the  mixture  left  to 
digest  for  about  twenty-four  hours  with  occasional  agitation.  According  to  the 
amount  of  water  in  the  rectified  spirit,  the  cupric  sulphate  combines  with  it  more  or 
less  rapidly,  and  again  acquires  the  blue  colour  of  the  hydrated  salt  When  this  has 
taken  place,  the  flask  is  connected  with  a  condenser  heated  in  a  water  bath,  and  the 
alcohol  distilled  oflC 

Saw  Materials, — Any  material  may  be  used  for  obtaining  alcohol  which  contains 
alcohol  ready  formed,  or  fermentable  sugar,  or  even  sugar  and  other  substances  that 
are  not  susceptible  of  fermentation,  provided  they  are  capable  of  being  converted  into 
fermentable  sugar.  Thus  wine,  beer,  cider,  etc.,  may  be  used  on  account  of  the  spirit 
the  J  contain  ;  Uie  various  kinds  of  fruit  may  be  used  on  account  of  the  grape  sugar 
and  fruit  sugar  they  contain ;  beet  root  and  molasses  as  containing  cane  suear ;  milk 
also  as  containing  lactose ;  potatoes,  the  grain  of  cereals,  and  many  other  kinds  of  seed, 
on  account  of  the  starch  they  contain ;  and  even  wood  may  be  used  for  this  purpose, 
inasmuch  as  the  cellulose  it  contains  can  be  converted  into  grape  sugar. 

Various  considerations,  however,  have  to  be  taken  into  account  in  selecting  a 
material  for  the  production  of  alcohol.  In  general,  that  material  would  be  preferable 
which  under  given  conditions  would  furnish  the  largest  amount  of  alcohol  with  the 
least  expense.  But,  on  the  other  hand,  certain  objects  for  which  the  spirit  is  to  be 
used  must  be  considered.  If  a  drinkable  product  is  to  be  produced,  only  such  raw 
materials  can  be  used  as  are  capable  of  satisfying  this  requirement ;  hence,  wine  is 
used  to  prepare  brandy,  and  cherries  to  prepare  a  similar  spirit  known  as  Kirsch- 
wasser,  the  higher  value  of  the  product  making  up  for  the  cost  of  the  raw  material. 
Besides  these  circumstaucns,  there  may  also  be  others  of  a  more  artificial  nature 
which  preclude  the  possibility  of  using  certain  materials.  Thus  the  duty  levied  upon 
spirit  in  many  countries  renders  it  impracticable  to  use  other  materials  for  producing 
alcoholic  products  than  those  which  yield  a  considerable  amount  of  alcohol  in  propor- 
tion to  their  bulk. 

The  method  of  procedure  followed  in  the  manufacture  of  spirit  varies  according  to 
the  nature  of  the  raw  material  operated  upon. 

Trcatmmi  of  Alcohoiic  Liquors. — In  this  case  all  that  is  necessary  is  to  separate 
the  alcohol  already  existing  in  the  liquids  from  the  other  substances  mixed  with  it, 
partly  volatile  and  partly  fixed,  and  then  to  obtain  the  alcohol  in  a  concentrated  con- 
dition. This  is  effected  by  distillation.  Alcohol,  as  already  mentioned,  has  a  lower 
boiling  point  and  a  lower  latent  heat  of  vaporisation  than  water  has.  When,  there- 
fore, a  liquid  containing  but  a  small  amount  of  alcohol  is  heated  and  kept  for  some 
time  at  the  boiling  point,  a  mixture  of  alcohol  vapour  and  water  vapour  is  lormed, 
which  is  under  all  conditions  proportionately  richer  in  alcohol  than  the  original 
liquid,  and  after  some  time  the  liquid  remaining  is  free  from  alcohol.  If  the  vapour 
be  condensed,  a  liquid  is  thus  obtained  which  is  free  from  non-volatile  substancen,  and 
contains  alcohol  and  water  in  varying  proportions,  according  to  the  time  the  distilla- 
tion has  been  carried  on.  It  may  be  assumed  in  general  that,  in  order  to  obtain 
all  the  alcohol  from  fermented  liquors  by  distillation.  al)0Ut  one-third  of  the  volume 
of  the  liquid  must  be  vaporised.  The  residue  thus  freed  from  alcohol  is  termed 
ap e D  t  w a 8 h.  The  distillate  obtained  is  termed  1  o  w  w  i  n  e,  and  unless  the  distilla- 
tion has  been  stopped  at  an  early  stage,  as  is  sometimes  requisite,  it  contains  alcohol 
and  water  in  such  proportions  that  the  amount  of  alcohol  is  not  sufiicient  to  admit  of 
the  product  being  used  at  ouco  as  a  beverage  ;  it  contains  moreover  substances  which, 
though  poeeessing  in  a  pure  state  a  boiling  point  much  higher  than  that  of  alcohol, 
Imve  the  property  of  distilling  over  to  some  extent  together  with  water  vapour.  These 
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substances  are  comprised  under  the  general  term  fusel  oil.  The  one  among  them 
that  is  best  known  is  amjl  alcohol,  which  is  produced  especially  in  the  fennenta- 
tion  of  amylaceous  substances.  The  constituents  of  fhsel  oil  have  generally  an  a- 
tremely  disagreeable  smell  and  taste,  and  their  presence  deteriorates  the  quality  of 
spirituous  liquors.  Some  of  these  substances,  on  the  contraiy,  are  distingmahed  by 
their  great  aroma,  and  therefore  their  preservation  is  reqmsite  for  giving  a  hi^ 
quality  to  the  spirit  When  this  is  the  case,  the  distillation  is  conducted  in  such  a 
manner  that  the  collection  of  the  distillate  is  stopped  as  soon  as  it  begins  to  be  diluted 
by  Uie  condensation  of  water  vapour  to  a  greater  degree  than  corresponds  to  the  strength 
of  the  spirituous  liquor  required.  Loss  of  alcohol  would  thus  be  entailed,  unless  the 
alcohol  still  remaining  in  the  liquid  undergoing  distillution  were  distilled  off;  this 
is  therefore  collected  in  a  separate  receiver  under  the  name  of  after  wine,  aiid  is 
added  to  the  liquid  to  be  distilled  in  the  subsequent  operation. 

In  most  cases,  it  is  necessary  to  submit  the  product  of  the  first  distillation  to 
further  concentration  and  purification.  Besides  the  f^isel  oil  above  moitioned,  it  etm- 
tains  some  substances  the  boiling  points  of  which  are  lower  than  that  of  alcohol ;  muh 
as  aldeh^d,  various  ethers,  etc.,  formed  by  the  alteration  of  alcohol.  These  substaooes 
communicate  to  the  spirit  a  fiery  taste,  and  consequently  they  must  be  removed. 
The  purification  of  the  low  wine  is  effected  by  distillation,  which  is  termed  rectifi- 
cation. In  this  operation  heat  is  at  first  applied  gradually,  in  order  to  remove  the 
most  volatile  of  the  foreign  substances  from  the  spirit,  and  to  concentrate  them  in  the 
first  portion  of  the  distillate.  As  soon  as  the  spirit  distilling  over  is  free  from 
objectionable  odour,  the  receiver  is  changed,  and  the  spirit  is  then  collected  as 
long  as  it  is  of  sufficient  strength.  -  The  receiver  is  then  changed  again,  and  the  re- 
mainder of  the  alcohol  collected  apart  as  weak  spirit,  which  alwavs  contains  moch 
fusel  oil.  The  first  and  last  runnings  are  mixed  together  and  again  distilled  with  a 
f^h  charge. 

When  strong  spirit  is  required,  the  rectification  is  sometimes  repeated  several  times, 
and  the  first  and  last  portion  of  each  distillate  are  collected  apart.  This  method  of 
operation  involves  considerable  expenditure  of  fuel  and  labour,  as  well  as  much  loss  of 
alcohol ;  and  as  methods  are  now  known  bv  which  these  disadvantages  may  be  avoided, 
the  direct  production  of  spirit  is  practised  only  when  it  is  desirable  to  preserve  the 
peculiar  aroma  of  the  fermented  liquors,  as  in  the  manufiicture  of  brandy,  or  when 
the  operation  is  carried  out  on  such  a  small  scale  that  the  erection  of  costly  plant  is 
not  practicable.  In  far  the  great  number  of  cases,  it  is  customary  with  the  improved 
forms  of  apparatus  to  produce,  at  the  outlet,  spirit  containing  but  little  fusel  oil,  and 
of  a  strength  equal  to  at  least  80  per  cent,  alcohol :  this  is  further  purified  and  con- 
centrated by  rectification,  and  then  reduced  by  admixture  of  water  to  the  strength 
required  for  use. 

The  principle  upon  which  the  apparatus  used  for  this  purpose  is  constructed  is 
the  following.  In  a  mixture  of  alcohol  vapour  and  water  vapour,  there  are  two  sub- 
stances which  differ  considerably  in  regard  to  the  amount  of  heat  they  require  for 
maintaining  the  condition  of  vapour.  The  latent  heat  of  water  is  much  higher  than 
that  of  alcohol.  When  such  a  mixture  is  cooled  and  part  of  the  heat  abstracted  from 
it,  part  of  the  vapour  is  condensed  to  the  liquid  state.  But  since  alcohol  requires 
much  less  heat  in  order  to  maintain  the  form  of  vapour  than  water  does,  it  is  evident 
that,  by  the  abstraction  of  heat,  that  portion  of  the  mixed  vapour  must  be  first  con- 
densed which  requires  the  greatest  amount  of  heat  for  its  maintenance;  in  other  words, 
the  water  is  first  condensed,  and  in  consequence  of  this  the  mixed  vapour  is  rendered 
poorer  in  water  and  richer  in  alcohol.  If  this  process  is  repeated  often  enough,  the 
condensation  of  the  water  and  the  concentration  of  the  alcohol  continue  until  a  point 
is  reached  at  which  the  mixture  consists  chiefly  of  alcohol  vapour,  and  ,only  contains 
a  small  proportion  of  water  vapour,  and  the  condensation  of  the  whole  remaining 
vapour  then  furnishes  strong  spirit 

A  large  variety  of  variously  constructed  distillatory  apparatus  are  based  upon  this 
behaviour  of  the  mixed  vapour,  and  though  they  present  very  dififerent  external 
deviations  of  arrangement,  their  operation  is  essentially  referable  to  the  same  prin- 
ciple. In  all  cases,  the  liquid  to  be  distilled  in  such  forms  of  apparatus  is  heated 
either  by  direct  fire,  or  by  high-pressure  steam,  or  by  injection  of  steam.  The  mix- 
ture of  water  vapour  with  a  small  proportion  of  alcohol  vapour  thus  produced  is 
passed  into  a  second  vessel  with  the  liquid  to  be  distilled,  either  cold,  or  aln^y  heated 
to  a  certain  degree.  According  to  the  temperature  of  the  vapour  and  that  of  the 
liquid,  in  the  second  vessel  a  certiin  portion  of  the  vapour  is  condensed,  but  that  part 
of  the  vapour  which  requires  the  greatest  amount  of  heat  is  always  condensed  in  the 
largest  proportion.  The  mixed  vapours  subsequently  passed  into  the  second  vessel 
hwve  then  sufficient  heat  to  convert  into  vapour  not  only  the  alcohol,  at  first  eon- 
densed  together  with  water,  but  also  the  alcohol  originally  contained  in  the  liquid,  in 


SPIRIT   STILLS.  889 

tha  Mcond  tssmI.  The  Tspour  thus  produced,  and  cootaiDing  a  Urge  amoimt  of 
aleoiial,  is  paswxl  in  a  aimiliU'  mntinar  into  a  third,  fourth,  nnd  fifth  vesasl,  each  of 
which  is  chafed  vith  the  liquid  Ui  bo  distilled,  and  the  result  is  thnt  Ihere  is  n  pra- 
gmnivB  condansatjon  of  Tster  vapour,  aiul  a,  simultaneous  incre^e  m  the  proportioD 
of  alcohol  Tupouc.  The  operation  may  also  be  conducted  in  such  i  way  that  tha 
TBporisation  i^  freab  quantities  uf  alcohol  is  not  nttantpted,  hut  the  mixed  vapour  is 
rendored  richer  in  alcohol  bj  abstracting  tnter  fivin  it  bj  coadensntion,  ntiUl  at  lait 
it  is  coodueted  into  an  empty  Tcseel  suironnded  by  a  liquid,  at  a  t«mperature  between 
tha  boiling  point  of  alcohol  and  that  of  water.  By  tliis  moaas  the  vapour  is  so  far 
cooled,  that  a  large  proportion  of  wntcr  is  condenseil  vtth  only  a  bmall  proportion  of 
alcohol,  and  if  this  is  repented  often  enough,  the  vapour  ultimately  remaining  udcod- 
danied  will  have  almost  nnv  dcBirad  amount  of  alcohol. 

AmKinX'f  V9ED  in  Distillation.— The  olcipst  apparalua.  which  waa  widely  used 
until  within  tbe  taut  thirty  or  forty  years,  consisted  of  a  ri'ttirt -shaped  vessel,  heated 
by  an  open  Are,  and  conni-eted  with  a  coil  of  pipes  lying  in  a  wooden  vat,  surronnded 
by  cold  water.  Such  im  npparatu<  could  only  ihj  worked  in  the  production  of  low 
wine,  the  distillation  of  the  low  wine  to  weak  spirit,  and  the  rectificaUon  of  Ihs 
spirit.  The  Brat  improvements  were  nmde  by  the  French  manufacturers,  who  were 
■oon  followed  by  the  Oermana.  P^ach  had  to  keep  in  view  the  material  of  their  respec 
tire  countries,  id  the  one  case  wine,  and  in  the  other  a  material  fur  more  difficnlt  to 
Work,  the  thick  mash  from  grain  and  potatoes  with  their  skins  and  refuse. 

The  first  improvement  appears  to  have  been  oriunnated  by  Araand.  He  placed  a 
coil  of  pipe  immediately  over  the  retort  or  still  in  a  vcbhbI  filled  with  wine,  so  that  tha 
vapour  passini^  from  the  still  into  the  lower  part  of  this  pi|#  was  t.hire  p.irtiallv  cod- 
deosed,  an<l  the  coudeneod  portion,  consisting  principally  of  water,  flowed  back  into 
the  still,  whilst  the  more  alcoholic  vapour  paesed  npwanls,  healing  the  wine  in  tha 
cooling  vpascl,  and  then,  entering  another  worm  surronnded  by  cold  water.  b«ing  there 

rBrfactlj  condensed.     In  this  way  strong  spirit  was  obtained  in  one  operalion.     The 
eated  wine  was  then  run  into  the  retort  and  used  for  the  next  di  si  illation. 
The  same  principle  was  adopted  by  Dora,  with  the  difTerencc,  huwvi-r,  that  the  dis- 
tillate condensed  in  the  first  cooling  pipe  did  not  flow  back  into  thi'  still,  but  wna  col- 
leetadin  a  special  receiver  where  it  underwent  rectification  by  fresh  vapour,  no  llAt  a 
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llqnid  nearly  free  from  alcohol  hud  to  be  worked  up  with  the  already  hi'ati^  mash  in 
the  next  distillation 

This  arrangement  is  represented  by  flg.  647.  The  body  (a)  of  the  still  is  surmounted 
bj  a  eapaeioua  head  (n),  from  which  the  vapour  is  conveyed  by  the  ni'i'k  (r)  to  the 
worm  in  the  vessel  (c  n).  separated  by  a  partition  into  two  compartments,  the  upper 
one  serving  as  a  heater  for  the  wash,  while  the  lower  one  acta  as  a  rectifier.  The 
eompartoiant  (c)  when  filled  to  the  level  of  the  tap  (m)  contains  the  quantity  i>f  wash 
for  charging  the  still.  The  vaponr  passing  from  the  still  is  at  tint  condensed  in 
passing  through  tha  worm  (g),  and  fiows  into  the  compartment  (d).  When  the 
eonteotfl  of  the  compartment  (c)  have  become  so  hot  that  no  more  condensation  oi 


gerator,  the  BtTcngtb  of  the  distillstc  p&ssing  fram  the  atiU  oui  be  tMted  htm  Hdu  to 

£dwBnl  Adam  made  the  following  modiflcatioD.  The  ilill  was  connected  vith  > 
■eriea  of  ovoid  metal  Tesaela  b;  a  [»pe  tbut  ended  in  a  rose  almost  at  the  bottom  of 
the  first  vessel.  Another  pipe  connected  the  npper  part  of  the  Bnt  Tcwel  with  Hu 
lover  part  of  the  lemnd.  and  the  other  Vt'sseU  vers  Bimilarl;  eonaectcd.  From  the 
last  the  raponr,  irhich  by  this  time  had  become  Terj  rich  in  alcahol,  paaaed  into  the 
cooling  worm.  Through  the  ladiatioD  of  hint  from  the  snr&ce  of  the  OToid  veawli, 
caoBing  a  corresponding  condeneation,  a  part  of  the  mixed  rapoui  was  withdrawn,  bnt 
the  Bucceeding  raponr,  paBsing  thniogh  this  liquid,  Cool  up  and  cnrried  forward  a  pait 
of  the  alcohol.  At  the  close  of  the  diatillatioii,  each  condenaing  Teasel  contAined  am 
alcoholic  liqnid  of  higher  ooncentratiun  in  proportion  ns  it  wu  further  from  the  itiU. 
In  Older  to  improve  this  the  coalenls  of  the  first  vessel  were  emptied  ioto  the  ictoct; 
the  second  into  the  first,  and  so  on,  so  that  in  the  neit  distillation  the  previooalj  eon- 
denead  liqnid  underwent  further  ractiBcation. 

Cellier-BlumenUial  introduced  the  continuous  appnrataa,  in  which  the  condenntioo 
is  afiectud  eiclnaively  hj  the  wine  to  be  distilled ;  the  esBcutial  novelty  being  that 
there  is  a  continual  inflow  of  wine  at  one  end,  whilst  the  spent  liquid  is  diachajged 
from  the  apparatus  undemeatb  in  b  continnal  stream.  It  is  a  dimdranUge  of  this 
apparatus  that  the  effluent  spent  liquor  is  not  quite  free  from  alcohol ;  bnt  this  has 
been  overcame  by  Derosne'a  arrangement,  in  which  the  outflow  is  made  intemitleat 
whilst  the  inflow  is  continual. 

Simnltaneouslj,  Pistorius  introduced  into  Qermaii;  an  apparatus  consisting  of  two 
eonnrcted  stills,  placed  one  under  the  other,  and  provided  with  a  preliminary  winser. 
Adams's  scrieia  of  eoudensins  voaseli  was  adopteii.  bnt  instead  of  being  oroid  thejwrre 
in  the  form  of  shallow  basins ;  the  condensed  liquid  too.  instead  of  being  collerted. 
flowed  bade  directly  into  the  distilling  apparatus.  Fitlorins's  apparatus,  with 
numerous  modi flcHl ions,  is  now  found  in  almost  all  German  distilieriea ;  bnt  it  has 
lately  come  into  strong  competition  with  one  made  upon  the  CeUiec-Blnmeothat  and 
Derosno  principle,  and  arranged  for  the  working  of  chick  mash. 

The  hrating  of  diBtiilatoiy  apparatae  b;  steam  was  introduced  in  1820  bj  GalL 

Ono  of  tho  simplest  arrangements  admitting  of  a  contiouona  supply  of  the  Uqaid 
(0  be  distilled  and  an  intonuittent  diechaiga  of  the  spent  wash  is  that  of  lianper, 
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represented  bj  fig.  648.  It  consists  of  two  stills  (▲  o),  a  dephlogmator  (b),  and  a  con- 
denser (o^.  The  still  (a)  is  set  over  a  furnace  (b),  the  flue  of  which  {c  d  e)  is  continued 
under  and  round  the  second  still  (r).  The  two  stills  are  connected  together  by  the 
tube  (;*)  fitted  with  a  valve  by  which  the  communication  can  be  opened  or  shut  at 
pleasure.  They  are  also  connected  together  by  the  pipe  (i  i),  by  which  the  steam 
generated  in  the  still  (a)  is  passed  into  the  liquid  contained  in  the  still  (c).  The  still 
(c)  is  connected  with  the  worm  of  the  dephlegraator  (s),  by  the  pipe  {m),  and  the 
liquid  condensed  in  each  of  the  coils  (/to/,)  is  run  off  through  a  small  pipe  attached 
to  the  lowest  part  of  the  coil  into  a  common  aischargc-pipe  (n),  which  is  connected  with 
the  still  (c),  so  that  the  condensed  liquor  is  discharged  into  it.  The  vapour  that  is  not 
condensed  passes  from  one  coil  to  the  other  through  the  upright  connecting  pieces  until 
it  reaches  the  tube  (o  o)  connected  with  the  worm  of  the  condenser  (o),  and  being 
there  condensed  is  delivered  through  the  outlet  pip**  {q)  into  the  receiver  (r)  in  which 
an  alcoholometer  (s)  floats,  and  flows  away  to  the  store  vessels.  The  liquid  to  be  dis- 
tilled travels  in  the  opposite  direction.  It  is  supplied  from  the  reservoir  (v)  through 
the  tap  (tf )  into  the  funnel  tube  (<!)  of  the  condenser  (a),  and  being  delivered  into  this 
Teasel  at  the  bottom  displaces  its  contents  through  the  pipe  (l),  serving  to  condense 
the  alcohol  vapour  passing  through  the  worm  of  the  condenser,  and  thus  becomes  heated 
itself  before  it  escapes  t]^ugh  the  pipe  (l)  into  the  dephlegmator  (b),  whero  it  is 
delirered  at  the  bottom,  and  after  filling  this  vessel  escapes  in  a  heated  condition 
through  the  overflow  pipe  (/)  connected  with  the  still  (c),  into  which  the  heated  liquor 
to  be  distilled  is  thus  supplied.  From  this  still  the  liquor  can  be  discharged  as  required 
into  the  still  (a)  by  opening  the  valve  in  the  pipe  Q).  By  means  of  the  tap  (J)  the 
spent  wash  can  be  discharged  from  the  still  (a).  Both  stills  are  fitted  with  glass 
gauges  (ffffh)to  indicate  the  level  of  the  liquid  contained  in  them.  The  liquor  in  the 
dephlegmator  (b)  is  sufficiently  hot  to  give  off  alcohol  vapour,  which  is  conveyeid  by  a  pipe 
(p)  into  the  pipe  (o)  connected  with  the  worm  of  the  condenser.  The  working  of  this 
apparatus  is  very  simple.  On  opening  the  tap  (u)  of  the  reservoir  the  liquid  to  be  dis- 
tuied  flows  into  the  condenser  (o),  and,  when  that  is  full,  into  the  dephlegmator  (e), 
and  from  thence  into  the  still  (c).  As  soon  as  the  liquor  in  the  still  reaches  the  level 
of  the  steam  pipe  (t),  indicated  by  a  mark  on  the  gauge  glass  (^),  the  tap  {u)  of  the 
reserroir  is  cdosed,  and  the  still  (a)  is  filled  to  three-fourths  of  its  capacity  with  the 
liquid  to  be  distilled,  which  is  then  heated  to  boiling.  The  heating  is  continued  until 
about  two-thiids  or  three-fourths  of  the  liquid  is  distilled  off,  according  to  its  alcoholic 
contents.  During  this  distillation  the  greater  part  of  the  vapour  is  condensed  in  the 
Btill  (c)  and  in  the'  dephlegmator,  but  very  little  alcohol  passes  over  through  the  worm 
of  the  condenser,  because  the  contents  of  the  still  (c),  as  well  as  the  liquid  in  tho 
dephlegmator,  are  not  sufficiently  heated.  When  the  contents  of  the  stiU  (a)  are  ez- 
hauBted  of  alcohol,  the  tap  (/)  is  opened  and  the  spent  wash  run  off;  the  valve  (j)  is 
then  opened,  and  the  contents  of  the  still  (c)  run  into  the  still  (a).  After  closing  tlio 
Ttdve  y),  the  fire  is  increased  so  as  to  bring  the  hot  liquid  rapidly  to  boiling.  The 
t»p  (»}  of  the  resen'oir  is  then  opened,  and  the  liquor  to  be  distilled  is  allowed  to  run 
in  a  slow  continuous  stream  into  the  apparatus,  displacing  the  slightly  warmed  liquid 
in  the  condenser  into  the  dephlegmator,  and  driving  the  still  mora  heated  contents  of 
the  latter  into  the  still  (c),  which  also  receives  the  hot  liquid  from  the  tube*  (/,  to/). 
The  supply  of  liquid  to  be  distilled  is  so  regulated  that  the  still  (c)  is  filled  by  the 
time  the  liquid  in  the  still  (a)  has  been  completely  deprived  of  alcohol.  This  requires 
about  throe-quarters  of  an  hour  to  an  hour.  The  spent  wash  is  then  run  off,  and  tho 
contents  of  the  still  (c)  transferred  tu  the  still  (a)  as  before.  In  this  way  the  operation 
once  started  goes  on  continuously.  The  liquor  to  be  distilled,  flowing  continuously 
into  the  still  (c),  is  finally  deprived  of  its  alcohol  in  the  still  (a)  and  discharged  as 
■pent  wash. 

The  strength  of  the  alcohol  obtained  can  be  regulated  at  will.  With  a  strong  firing 
and  rapid  ebullition  in  the  still  (a)  the  contents  of  the  dephlegmator  are  heated 
rapidly  and  so  much  that  little  condensation  is  effected  in  it,  and  only  weak  alcohol  is 
then  obtained.  By  firing  moderately  and  conducting  the  distillation  more  slowly 
stronger  alcohol  is  obtained  ;  or  the  same  result  may  be  secured  by  increasing  the 
number  of  coils  in  the  dephlegmator  and  increasing  its  dimensions. 

In  working  this  apparatus  care  hiis  to  be  taken  that  the  spent  wash  is  not  run  off 
until  the  whole  of  the  alcohol  has  been  extracted.  This  may  be  ascertained  best  by 
attaching  to  the  still  (a)  a  small  ascending  worm,  connected  with  a  second  small  de- 
scending worm.  By  opening  a  cock  a  small  quantity  of  distillate  may  be  drawn  off 
and  tested. 

Laugier^B  apparatus  is  well  adapted  fnr  working  wine,  or  other  material  of  a 
similar  nature,  which  is  tolembly  uniform  in  strength,  and  for  producing  a  spirit  of 
iDoderate  and  uniform  strength ;  but  it  is  not  well  suited  for  producing  stronfif  alcohol, 
in  irhieh  case  an  airangement  of  the  kind  introduced  by  Cellier-Blumenthaf  is  more 
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convenient,  and  can  be  worked  so  as  to  yield  spirit  liaring  any  strength  that  may  bt 

Derosne's  modifSeation  of 
this  apparatos  is  represented 
liy  fig.  649.  It  consists  of 
two  stills,  arranged  in  the 
same  manner  as  in  Laugiei's, 
and  the  alcoholic  raponr  es- 
caping from  the  still  (b)  risei 
through  the  column  (c), 
whicli  contains  a  series  of 
lenticular  discs  orer  which 
the  heated  wash  flows  down 
from  the  heater  (b)  throngjii 
the  pipe  {11).  Within  the 
column  (c)  water  is  condensfd 
from  the  rapoor,  and  alcohol 
Taporised  from  the  heated 
wash,  and  the  yaponr  passing 
upwards  throngh  the  recti- 
fying column  (d),  and  a  eoil 
of  pipe  in  the  neater  (i)  if 
further  depnTed  of  water  bj* 
partial  condensation.  The 
extent  to  which  the  dehjdrs- 
tion  of  alcohol  can  be  carried 
in  an  apparatus  of  this  kind, 
depends  upon  the  extent  of 
surfiue  exposed  in  the 
columns  and  the  other  parts. 

The  apparatus  of  Gellier 
Blumenthal,  as  improved  hj 
Derosne  and  Dnbrunfiuit  is 
used  in  many  of  the  best 
Hpirit  works  in  France.  It 
is  represented  by  fig.  650,  and 
(Consists  of  two  stills  (a  b), 
furnished  with  steam  jadwtti. 
The  still  (a)  has  a  draw-off 
tap  (a).  To  the  upper  part 
of  the  still  is  fitted  a  tube 
{a")  by  which   the   vtpoor 
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IB  led  into  the  scx'ond  still  (b),  which  performs  the  same  function  as  the  second  still  in 
Laugier'K  apparatus.  The  still  (b)  \h  fiirnifihed  with  an  air-cock  (ft*^,  and  it  is  con- 
nected with  the  still  (a)  by  the  tube  (h\  fitted  with  a  valve.  At  the  top  is  another 
tube  (6'),  by  which  the  vapour  is  led  into  the  bottom  of  the  column  (cc),  which  con- 
sists  of  ten  compartments  with  distillation  plates,  to  be  described  prenently.  Thr 
tube  (d)  extending  from  the  dome  of  the  column  ct)nduct6  the  vapour  into  the  wnm 
(r'')  of  the  first  heater.  To  the  lower  end  of  this  worm  is  connected  the  receiver  (r). 
in  which  the  uncondensed  vapour  is  separated  from  the  liquid  condensed  in  the  wom 
a  pipe  being  attached  to  the  l)ott(jm  through  which  the  condensed  liquid  from  the  worn, 
is  conveyed  into  the  cooling  tube(K'),  while  the  vapour  escapes  from  the  upper  part  of 
the  receiver  (f)  through  a  tube  (o')  connecting  it  with  the  worm  (h)  of  the  second 
heater,  where  the  alcohol  is  condensed  and  fiows,  together  with  any  remaining  vapour, 
through  the  tube  (i)  to  the  condenser  (k  k).  The  vapour  produced  in  the  first  heatcf 
also  passes  through  the  bent  tube  (t)  into  the  tube  (i)  and  into  the  condenser  (k  k). 
where  the  whole  of  the  distillate  is  united.  The  condenser  is  supplied  with  cokl  wster 
from  the  reservoir  (u)  through  the  pipe  (v  v),  and  the  heated  water  is  discharged 
through  the  pipe  (x).  The  worm  of  the  condenser  is  connected  by  the  pipe  (l)  with 
the  alcoholometer  vessel  (m),  the  overfiow  of  which  is  immediately  above  the  ^nnel  of 
the  reservoir  (n),  which  is  in  communication  with  the  storehouse  where  the  spirit  is 
run  off  into  the  casks  (o  o  o). 

In  working  the  apparatus  the  condenser  (x  k)  is  first  filled  with  cold  water,  sod 
the  tap  (v)  is  closed  until  distillation  commences.  By  opening  the  cock  (p*)  both  thr 
heaters  (q  h  and  u^r')  are  filled,  as  well  as  all  the  diaphragms  of  the  column  (c). 
During  this  time  the  air  cocks  (a*  6*)  are  opened.  As  soon  as  the  atill  (▲)  has  biOD 
two-thirds  filled,  the  air  oock  (a')  is  closed,  and  steam,  of  from  thzM  to  fife  ' 


SPIBIT  STILLS.  893 

tothe  jicket  of  tbii  still.  The  liquid  iitlmintiidlj  mads 
to  boil,  and  tlis  Tsponi  paasM  thnragb  ths  tube  (a')  into  the  KKood  still  (b),  LeMing 
the  liquid  it  coDtwna.ai^  driving  i^fa  gnat  put  c^  the  alcohol  in  the  stAte  of  npour, 
vbich  p«BHl  through  the  tube  {(/)  iuto  the  column  (c),  and  there  trareraea  the 
l^era  of  liquid  upon  the  dinphiagmi.    Tha  liquor  to  be  diitilled  flowing  dovnwftids 


Fin.  sno. 

in  an  oppoiitr  diraetion  to  the  Taponr  is  thus  gmilnsll;  depriTcd  of  its  alcohol  Al  :t 
MlpioacheB  tiit  lower  diaplmgms  ;  while,  on  the  contrary,  the  Tftpoiir  becomes  mors 
autjuiliis ;  lincc^  in  proportion  as  alcohol  is  Tapoarieed  in  the  diaphmgms,  then  in  ■ 
ewTSjpoodipg  eondansation  of  watsr-Tapaiir. 

Daring  tbn  time  raqnisite  for  Ailing  the  Mill  (a)  two-thirds  fnll,  the  liquid  in  th» 


■till  (&)  ii  oomplstelj  depiived  of  alcohol.  The  apont  wadi  ii  Um  ran  (4(  udlf 
opanng  the  tap  (i)  the  cont«nU  of  ths  still  (b)  atu  tninafsrTcd  to  the  alill  (&),  tlu 
Hbove  dwcrilied  being  n^n  lepwted.    Bj  the  action  of  the  oolaaio  tbr 


""S  the  £ 

,  instead  of  uniting  all  the  condeoscd  alcoholic  liquids,  latkina 


afuihol  is  ■afflciantlj'  ct 

ag  a  dephiegmatcr;  ^  .... 

the  portion  coudenied  in  the  Snt  heater  Oow  on  to  the  upper  plate  of  the  cohtlon  ai 
undergo  a  further  reclificatioti.  When  the  working  of  this  apparattie  li  to  be  itoppad,  th« 
whole  of  the  liquor  to  be  diatillsd  is  run  out  of  the  reserroic  (p) ;  this  is  then  fillBdwith 
water,  and  the  ulcaholic  liquoriathns  displaced  &oni  the  eereTiit  partAof  the  •ppuatoa. 
The  liquor  to  be  distilled  travels  in  h  contrary  directioD  Co  Uie  rapour.  It  i*  np- 
plied  from  the  reeerroir  (p)  into  which  it  is  pumped  throDgh  the  tube  (^)antflit 
orerflowB  through  iho  pipe  (,tr).  The  ^nmp  repreeentad  by 
fig.  SSI,  consiata  of  a  >oUd  plunger  workup  m  the  bunl  (k  m)  and 
a  pair  of  ball  Talrea  fco)  ao  arranged  that  the  upward  itroke  of  the 
plunger  laieeK  the  liquor  through  the  valve  (c),  while  the  dowa 
stroke  forcoa  it  through  the  tsItp  (d),  and  the  ascending  pipe  (i) 
into  the  reservoir  (p)  aborc. 

The  tup  through  which  the  liquor  to  be  diatilled  eacapea  &ob 
the  reservoir  (p)  ia  funiiahed  with  anariBngsment  (p''p,)  by  which 
it  can  be  opened  and  closed  as  required  to  ngslntc  tjie  flow  of 
'  liquid  into  the  funnel  pipe  (q  a)  into  the  second  heater,  and  km 
there  throDgb  the  pipe  (r  u) through  the  flrst  heater,  and  then  thm^ 
the  pipe  {t)  into  the  upper  part  (c')  of  the  column,  where,  having 
become  considerably  heated  in  its  pauoge,  it  is  diachaised  upon  tkf 
uppermoet  of  the  eighteen  diaphragms,  which  have  the  conitrae- 
"  >niepi«aentedinveiticalaaetionsb;flga.  8S2andSS3,  ondiDplanbf 

„..■,.     : 1  »  Dlate  flttod  to  the  sides  of  the 

which  ttve  I'/^Ai)  are  shown  in  tb* 
section  flg.  652.  Beneath  these  ops 
are  as  many  holea  in  the  plate  tuTini 
raised  collara  fitted  into  them,  anl 
pn^ecting  npworda  into  the  eapa,  oa 
ahowQ  in  the  cap  (i),  about  buf  as 
inch  above  the  level  of  the  edge  d 
the  cap.  By  this  arrangement  Itqnid 
is  retained  upon  the  plate  to  the 
height  of  the  collars  ;  and,  since  the 
edgea  of  thecapa  dip  into  this  liquid 
the  vapour  rising  upwards  IhTongli 
the  holes  in  the  diaphrann  into  tht 
caps  is  made  to  pass  Lhrongh  tlitf 
liquid  lying  upon  the  pUte. 

The  level  of  the  liquid  upon  the 

Elates  ia  kept  conotont  at  such  a 
ei^t  that  it  is  midwny  between 
the  upper  edges  of  t  be  ralaad  collaii 
of  the  tubea  and  tlic  lower  edges  of 
the  cape  above  them.  Toinsnrethil 
there  IS  filed  nenr  the  centre  of  ttit 
plats  a  tube  (rj),  the  upper  eitoe  cf 
which  is  about  half  on  inch  k>wer 
than  the  upoer  edges  of  the  niftd 
collora.  and  about  half  an  ind 
higher  than  the  lower  edgea  of  tb« 
caps.  The  tube  (d)  extonda  dovii- 
mtrda  through  rlip  plate,  a«  shown 
in  Ihodrawing,  nti.i  lerminatea aboM 
tbree-qiiarlprs  of  an  inch  above  tin 
neit  following  plate  (j  *,  llg.  8,13) 
burieath.  By  this  arrangemeat  ihr 
liquid  upon  the  iilatu  ia  mointainsd 
at  thB  level  indieat.-,!  bj  the  liN 
(flA).  Anything  in  eiesss  of  this 
quantity  runs  away  to  the  plots 
underneath,  while  at  the  same  dsis 
the  openings  of  the  c&ps  are  sMlid  by 
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tha  liqoid.  The  UMniliiig  T&ponr  md  Meape  onlj  throiig;h  the  laiiMl  coUan  and 
ondar  the  Cftp*,  but  not  Ihroug)]  the  tuba  (il),  becauso  itii  Iciwar  end  is  cloiad  \ij  tbs 
liqoid  on  the  pUte  below.  The  entire  eoloma  ia  made  up  of  tea  such  diRphngnui, 
Axad  one  above  the  other. 

In  order  to  keep  up  »  eireolatioD  of  tho  liquid  upon  the  aerersl  platei,  the  u- 
lannmant  rcpreeected  in  the  boriioDtal  section  (Gg.  654}  is  adopted.  To  the 
■tiaightdiaphmgm  (ir)  ii  fitted  the  t'orved  diaphragtn  (t>1  on  one  aide,  uid  r  us  on 
the  othei).  When  liquid  Bom  dawn  liom  tlie  npper  plate  throogh  the  wide  tnbe  at 
a,  it  takes  the  coune  indicated  by  the  amiwe  in  order  to  reath  the  tube  (J)  and  flom 
down  through  it  upon  (Jib  pliLtn  below,  wbere  siniitar  diitphnigma  are  fixed,  and  the 
Uqaid  it  mida  to  drcolate  in  a  similar  manner  in  the  opposite  ditection. 


ChavmanM  DittiUing  Apparatui. — The  appmatue  intToducfdby  Champunnmaia 
aflaentiallj'  SBimpIiflcntlon  of  tho  CoIlicF-Blumeathal  sppnTBtoe.  dificribed  before.  It 
eonwita  of  a,  still,  nnungecl  for  nn  open  Are,  ii  column,  nnd  u  cooling  apparatos,  and  ia 
repnaented  in  fig.  65B.  Tho  stil!  (a)  in  get  otot  a  fiimnca  ;  it  haa  ita  bottom  hent  in- 
wudi,  in  ordtr  to  pnaent  the  largest  sorfnce  pouible  to  the  beat  of  the  fire,  and  at 
the  suae  time  toprareat  nn;  deposit,  wbicii  might  form  a  layer  at  the  bottom  were  it 
sspcMd  to  the  Mtion  of  the  fire. 
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Tli«  eolomn  eoniiBls  of  ejlindiiol  ringB,  the  outar  rdge  of  Mcb  of  vbieb  hu  ■ 
troDffh-like  donresaion,  in  which  ia  laid  ■  caontchoue  ring,  and  bj  this  nuam  th. 
iSnSbatwwQ  «ch  ring  are  closed  without  ktbws.  The  top  and  bottom  ringi  bMig 
provided  -willi  flangi*  (b  b^.  can  be  made  tight  by  mewa  of  nuti  icnwad  apoB  tb« 
enda  of  long  rode  pa««ing  through  them. 

Each  ring  haaadlaphragmmth  a  wide  central  Tapo«tpii*,coT«redbya  cap.  the  loww 
edga  of  which  ia  toothtd  bo  a*  t«  distribute  tbo  npour.  ThePB  ia  alw>  inaeitMl  in  mA 
diaphnpm  a  diach^  pipf.  the  npper  eod  of  wMcb  ii  ono-tUrd  of  an  inch  bttbiv  the 
Tapoor  pipe,  whilat  lie  lower  end  eiMada  nearlj  to  the  next  diaphragm. 

Tbo  peculiarity  of  this  apparatiw  ia  the  introdnttion  into  the  top  put  of  Uu 

,    J  _i.i .__  Jq  irhieh  a  portion  of  the  TBpooT  ia  coDdsnaad,  in  ards  that 

it  may  be  again  reirtifled  iu  the  upper  portion  of  the 
column.  This  dsphlrgmBtor  is  ■horn  in  Og,  S66  at  d. 
and  IB  represented  on  a  larger  scale  in  tgt.  061  tad 
flS8.  It  consists  of  a  shallow  spiral  reeerToir  with 
double  sides,  standing  in  a  vranel  filled  with  ths  liquid 
to  be  distiUcd.  The  vapour  coming  from  (be  top- 
most division  of  the  column  enterti  the  reservcrir  at  e.  and 
lifter  circulating  in  it,  pHSses  throngh  a  pipe  (d)  opening 
Liliore  the  surface  of  tlie  liquid,  uid  throngh  e  to  the 
condensiT,  whilst  the  liquor  condensed  in  the  dephlc^ 
mator,  flows  throayh  a  narrow  pipe,  bent  u-abape  at  tSr 
\jottaoi,  into  the  top  division  ol'Ihr  oalumo. 

Instead  of  the  ordinary  worm,  there  is  in  thecODdsDser 
1  duubla  walk-U  cvlinder  (ff  y.  fig.  S5S),  the  woUa  of 
which  are  a  Hmiill  distunes  apart,  no  that  they  form  a  ey. 
liudrical  ring  Hurroandcd  ou  all  sides  by  the  cooling 
liquid.  The  alcohulic  vupunr  inters  at  the  npper  part  ^ 
the  conilonser,  is  thire  condensed,  and  flows  off  throngfa 
the  ulcobomcter  (i). 

]d  working,  the  fermented  liquor  la  ran  from  ths 
upper  re^^nn■oir  through  the  funnel  pipe  (i)  into  tbo  outM 
Hpace  of  the  condenser  at  j'.  Whoa  tbeliquor  has  filled 
this  spncfl  it  risus,  the  lid  being  hermi^ically  closed. 
tbroui^  the  pipe  (it.),  and  passes  into  the  liquor  spacF  of 
tbo  dL'phlegiuator  at  if.  When  this  is  filled  abo,  the 
liquor,  driven  forward  by  that  freshly  arriving,  fslli 
through  a  pipe  bent  first  downwards  and  then  upwards 
(_m  m')  upon  the  plate  of  the  fourth  divisioo  of  ihr 
t»  ouUlow  pipe  into  the  next  division,  and  finally  into  the  stilL 
<  run  until  the  still  (*)  is  sufficiently  full,  which  is  shown  by 
lbs  juice  running  out  through  the  pipe  ii.  The  content  9  of  thi-  still  arc  than  heated  to 
bmhiig.  The  vapour  rises  into  the  scpimte  divisions,  hea^i^  them  to  the  boiling 
tompenture,  passes  into  the  iltphle^nnutor.  where  at  first  it  is  completely  and  after- 
wards partially  condensed,  and  finally  reaches  the  condenser. 

When,  by  the  continued  boiling,  the  contents  of  the  still  have  been  exhausted, 
a  fresh  supply  of  fermented  liquor  is  allowed  to  flow  iu  at  ».  This  drives  the  liquid 
that  buK  bi^come  heated  in  tht'  condenser  into  the  cooling  s^e  of  the  dephlegmator, 
Slid  from  thence  into  the  column,  etc.  The  flow  of  liquor  la  then  allowed  to  go  on 
uuinterrupteilly.  and  in  proportion  aa  this  lakes  place,  a  corresponding  part  of  the  cod* 
tents  of  the  still  (a)  runs  off  through  the  pipu  (a),  so  that  the  operation  is  continai 
The  firing  and  the  inflow  of  thf  ti-rmciited  liquor  '  -■  -  -  . 
that  on  the  one  niile  it  cumplctt'ly  exhausted  wash 
the  other  a  snfBciently  cooled  spirit  iit  i. 

Stills  ranstructed  utter  the  sumo  principle  an 
more  general  use  in  the  potato  njnrit  maiiufuclDre  in  li-ermany.  UttamponDois'  appa- 
ratus is  BO  far  modifled,  th:it  the  outflow  is  not  eontinuous,  but  intermittent,  thnv 
Iwing  two  stillM  heated  by  steam  fixnl  one  above  lli<'  other,  as  in  the  Ollier-SluiDPD- 
tbal  apparatus.  The  fermentud  mash  fiows  in  above,  in  an  uninterrapted  nn>SB 
until  the  second  still  is  full;  the  first,  which  has  been  meanwhile  worked  up.  i> 
then  vmptiuil,  and  the  contents  of  the  second  are,  by  the  opening  of  a  valve,  tnas- 
ferred  into  the  first.  The  thicker  character  of  the  mash  further  makes  it  reqniiiL* 
that  the  outflow  pipes  of  the  different  dirisioiis  should  be  proportionally  wider,  id 
order  to  avoid  their  stopping  up.  Lastly,  the  upper  rectifying  division  of  the  colmaa 
is  considerably  increased,  and  the  surface  of  the  ilephlagmator  enlarged,  •■>  as  In 
augment  the  separation  of  water  by  fractional  condeni'*' —  -— '  "—  '■  '  -'- 
and  puceit  spirit  possible. 


idensation  and  thus  obtain  ths 
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Bibian  Apparaita, — In  ihe  Belgian  disliUerie«,vhsrea  com  pBrstJTeljthin  com  muh 
ia  vorked  up.  tui  dewribcd  on  p.  024,  the  appunlus  TepnBanted  in  fig.  S5B  is  oied.  It 
congista.  like  Laogier's  apparatud,  of  tvo  retorts  (i  b),  oneplscRd  a  little  bigberthao  th* 
other,  which  CHU be  hwtedeitberover an  opeo  fire,  orpreftrabljbj  steam.  Ic  the  Inttor 
eaae  th«  mpour  puses  through  the  pipe  (i)  intu  the  fint  still,  either  directly  into  the 
liqnid,  or  vheD  steam  under  presson  is  need  bf  circulating  thiongh  a  beating  cinL 
The  still  hHS  also  an  eiit  ccict  (ji),  a.n  indicator  of  the  height  of  the  liquid  (x).  an  air- 
cock  (c),  and  a  safety  Talve  (a).  The  sleum  from  the  flnt  Btill  (i)  paeaeB  tJirongb  the 
beat  pipe  (b)  into  the  second  still  (b),  and  goes  from  theace  into  the  cotamn  (c  o), 
the  ten  divisions  of  which  are  provided  witii  steam  pipes  corered  with  cape  and  vith 
-vide  discharge  pipes.  The  vaponr  formed  here  is  carried  thmugb  the  pipe  (■>')  into 
the  rectifier  (■  r).  b  is  a  comparatiTely  small  still  in  the  ixittom  of  which  lie  pipe 
(i/)eiida;  itsupportea  colsmn  (f)  having  a  peiforated  bottom.  Prom  thence  the 
Ta^ur  passes  tbroogh  another  pipe  {a)  into  the  dephlegmator  (h),  the  action  of 
irhicb  is  eSrcted  by  a  coil  of  pipes  providsd  with  a  discharge  cock  at 
upon  the  principle  described  on  p.  902.  The  liquid  here  condensod  f 
the  Golomn  (p).  The  rnpour  not  condensed  in  the  dephlegmator  puasds  throofih  a 
pip«  (/?)  i»>»  the  coadeaeer  <s),  kept  cold  by  a  continuous  etream  of  water,  and  then 
through  Che  alcoholometer  (v)  into  the  spirit  reacTToir. 


1  opening, 


The  ferment«d  m 


Fio.  6G0. . 


is  raised  by  a  pump  (h)  through  a  pipe  (b')  into  the  mnsh 
a  stirrer,  worked  by  a  handle  (f)  and  pinion  (p'')  to  prevent  the 
hnaks  from  settling.  From  thence  the  nuish  flows  through  a  pipe  (o)  entering  at  the 
bottom  of  the  dephlegmator,  where  it  is  kept  thoroughly  agitated  by  the  stirrer  (m) 
vorked  by  a  pinion  (f^;  it  thus  becomes  heated,  and  then  passes  chroughjipipi'(ijc)  into 
the  top  division  of  the  column  (bd).  and  thence  from  one  plate  to  nnuther,  and  comer, 
Almost  exhausted  of  spirit,  into  the  second  still.  The  heating  is  so  regulated  that  the 
contents  of  the  flnt  still  is  vapourisod  in  the  time  required  to  fill  the  secnnd.  When 
tbe  first  ia  emptied  the  contents  of  the  second  are  run,  into  it.  The  object  of  the  in- 
tarpomtion  of  the  third  still  (e)  with  its  column  (f)  is  the  further  rectiflration  of  the 
Tapoor  ;  at  the  same  time  tho  value  of  the  wash  is  thereby  considerably  iacreosed. 
Prom  this  still  no  back  flow  of  condensed  liquid  takes  place  ;  all  the  fiieel  oil,  there- 
fiire,  which  was  vapourised  in  tlie  flrst  two  stills  and  in  tho  column  (bd)  is  retwned 
here,  and  the  irash  in  the  first  and  secnnd  stills  is  thus  freed  from  thai  constituent, 
btfides  being  made  more  eoncsntrated  by  tbe  retention  of  «i.ter  in  E. 

Savalle's  distillatory  appuratus  (fig.  660)  is  consiructed  upon  the  same  prinvipte  ■■ 
3M 
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hia  i«etiQilig  apparatna.  It  coosisM  of  a  ttJU  (a),  wbich  inpports  tha  eolanin  {b% 
fonotd  of  nQmeraaa  perfonied  plates.  In  this  caae  the  liquid  to  be  dutiUed  mtm 
Gram  above,  and  floirs  dovn  from  ods  plata  to  aoDthrr,  meeting  the  ataam  that  paaaat 
Qpwaida  throngh  the  perforalioiu ;  it  is  thiu  heatfld  and,  by  nnde^oiiigdiatillatiw, 
becomaB  poorer  in  alcohol  as  itdascenda.  The  vaponi  escaping  at  c  paasea  iato  thBpi»- 
liminaiy  ehamber  (d),  whera  an;  liquid  carried  (bnraid  wpantee  and  ia  Mm«d  bad 


vy  a  bent  pipo  inlo  one  of  the  tipper  divisiona  of  the  column.  The  vaponr  goea  on 
through  another  pipe  (/}  into  tho  condcDser  (r).  and  the  diatilUte  flo*a  off  at  r  into 
the  alcoholometer  vesael.  and  &om  iheoee  into  the  spirit  reservoir.  The  condanBatiOD 
is  effected  by  the  fermentni  liquor,  vhich  enters  through  the  pipe  (j)  at  the  bottonrf 
the  condenser,  nnd  as  it  becomes  gradually  heated,  rlsea  and  flows  off  at  the  highM 
point  through  a  bent  pipe  (n)  to  the  top  plate  of  the  column,  Ria  the  r«eiiIaIot; 
a  the  connection  irith  the  steam  boiler;  p  the  pipe  admitting  the  staam  tnthabsatiig 
coil ;  f  (he  pipe  connecting  the  regnlator  vith  the  upper  part  of  the  still. 

English  DiffriLLiTOUT  Affuutus. — Aa  a  consequence  of  the  revenne  Iawb  niil- 
iog  in  tlli(  couDti^',  l^E  B^\fA.  m&nij,Gu:ljuo  is  limited  tu  a  few  cola 
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leM  th«  appsrvtm  iDvented  bj  Coffer  »  used  for  the  diBtiUstion  of  fennentad 
I.  This  apparatna,  Hhonn  in  flm.  681  and  662,  conaints  of  two  columns,  the  first 
«iDK  used  far  distiUation  and  the  ■ecosd  (b)  for  rectification.     It  is  further  pro- 

1  with  a  dephlpgmator  (d)  and  two  condensers  (h  f).  The  two  coliimnB  of  equal 
It  are  constructed  ot  strong  cast-iron  plates,  held  together  by  iBon  riveta.     They 

2  feet  high,  and  rise  through  four  atoriss  of  the  manufactory.  The  first  column 
mtiiina  thirty-right  copper  perforated  plates,  which  nre  fastened  to  the  aides  of 
Bolumn.  The  columns  are  quadrangular,  about  20  feet  broad  by  ISi  feet  deep. 
perforated  plates  are  i  inches  less  in  width  than  the  interior  of  the  column,  laaT- 

.  corresponding  free  space  for  the  overflow  of  the  wort  frum  one  plate  to  aoother. 
plates  are  fastened  ultemately  to  one  aud  then  to  the  other  side  of  the  column  ; 
lis  anangemoDt  part  of  the  wort  is  caused  to  traverae  the  sorCice  of  tbs  piste 
which  it  blls  and  ponrs  off  on  the  opposite  side,  and  part  fulls  through  the  per- 
Fio.  6«I . 


Ions  in  a  finely  divided  shower  Between  each  two  plates  In  the  side  of  the 
im  are  manholes  which  ran  be  shut  dose,  and  are  used  for  the  punScation  of  the 
ior  of  the  apparatus. 

lI  the  bottom  of  the  first  column,  the  orifice  of  a  staam  pipe  opens  iato  the  liquid- 
he  top  of  it  is  an  escape  pipe  through  which  the  lapoor  passfs  into  the  second 
no.  This  is  arranged  similarly  to  the  column  in  Savalte's  apparatus,  but  differs 
it  in  that  the  wort  does  not  flow  freely  over  the  plates,  but  torough  a  capacious 
about  6  inches  in  diameter,  bent  to  and  fro  (a  n),  the  bends  of  which,  in  onler  to 
itate  their  pnnflcatiun.  are  carried  through  the  column  to  the  exterior  of  the 
ratns.  The  wort,  coming  finm  the  reservoir  (a),  fills  tJiis  pipe,  fiowinf!  down 
Igh  its  windings  until  it  renehes  the  lowest  division  of  column  B.  Here  it  ia  sur- 
ded  by  the  whole  of  the  vapour  coming  from  the  other  column  (c).  This  streams 
.  division  to  division  in  an  opposite  direetjon  to  the  wort,  ro  that  the  fermented 
IT  by  the  time  it  reaches  the  bottom  becomes  strongly  heated,  whilst  the  alcoholic 
DT  as  it  rise»  upward  from  division  to  division  becomes  gradually  cooled,  and  by 
ensation  of  the  aqueous  portion  continually  richer  in  alcohol. 

The  heated  wort  rues  from  the  foot  of  the  second  column  (b),  and  after  circnlatii^ 
afth  the  chambers  of  th»  prBliminory  vessel  (d  d'),  flows  on  to  the  topmost  plate  of 
IraC  column  (o).  The  olijeet  of  the  preliminary  veesel  is  to  separate  the  most 
tile  portion  of  the  fermented  liquid,  which  has  already  been  converted  into  vapour 
be  heat  in  the  second  colnuin,  snd  thus  to  olitain  a  purer  distillate.  Jt  is  there- 
coimectBd  by  a  pipe  with  a  special  condenser. 

The  aqueous  liquor  condensed  from  the  vapour  in  the  diriBions  of  the  seoond 
ron  Sows  iota  a  small  reservoir  (a),  from  whence  it  is  lifted  b;  a  pump  (j)  kept 
innally  going  dnring  the  distillation,  to  the  top  plate  of  the  first  column  (c). 
?»m  tha  nppw  end  of  the  second  column  (b)  the  vapour,  now  rioh  iu  bIcoIidI, 
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passes  into  the  tabular  condenser  (f,  shown  in  section  in  f  ).  The  condenser  is  coo- 
stmcted  similarly  to  a  locomotive  boiler.  The  vapour  enters  a  first  chamber,  then 
into  a  system  of  three  hundred  pipes,  each  1^  in.  in  diameter,  surrounded  by  a  continually 
renewed  stream  of  cold  water,  and  then  flows  off  perfectly  cooled  from  the  last  division 
of  the  condenser  through  the  alcoholometer  stand  into  the  reservoir. 

One  such  apparatus  will  yield  hourly  480  gallons  of  58°  spirit,  or  a  quaotitj 
equivalent  to  nearly  6,000  gallons  of  80°  spirit  in  twenty-four  hours. 

Bbctification  of  Spibit. — ^The  alcoholic  liquid  obtained  with  the  foregoing  ap- 
paratus contains,  besides  varying  quantities  of  alcohol  and  water,  various,  mostly 
badly 'smelling,  admixtures  of  other  alcohols,  ethers,  etc.  These  are  separated  firom 
the  alcohol,  aud  the  proportion  of  water  is  at  the  same  time  reduced,  by  submitting 
the  liquid  to  rectification  in  a  suitable  apparatus.  But  since  these  oiLi  have  the 
property  of  volatilising  readily  with  the  vapour  of  alcohol,  the  liquid  to  be  distilled  is 
considerably  diluted  with  water,  so  that  at  first  a  vapour  is  generated  contain- 
ing proportionately  little  alcohol  and  much  water,  the  water  being  condensed  by 
further  running  in  the  apparatus,  and  the  alcohol  becoming  concentrated.  But  even 
with  such  distillation  a  fine  product  is  only  obtained  when  the  several  parts  of  the 
distillate  are  recovered  separately  ;^ firstly,  the  portion  containing  the  moet  volatile 
constituents  being  separated,  and  then  that  passing  over  last  as  after-running.  But 
it  is  advisable  to  discontinue  the  distillation  before  this  after-running  comes  over, 
and  transfer  it  to  a  special  vessel,  in  order  to  prevent  the  oils,  which  distil  over  in 
larger  quantities  towards  the  end  of  the  operation,  from  contaminating  the  sides  and 
interior  part  of  the  rectification  apparatus ;  as  these  bodies  collecting  there  would 
iigure  the  quality  of  the  following  distillate. 

The  liquor  remaining  after  the  rectification,  especially  when  spirit  horn  potatoes, 
com,  molasses,  or  grape  husks  is  worked,  contains  a  large  quantity  of  these  oils, 
which  having  been  held  in  solution  by  the  alcohol,  separate  from  the  liquor  after  the 
removal  of  the  alcohol  in  an  oily  layer,  and  can  then  be  recovered  for  use. 

Besides  glycerin  and  succinic  acid,  which  occur  in  all  fermented  liquors,  all  kinds 
of  wine  contain  small  quantities  of  different  oils  which  can  be  recovered  in  the 
rectification.  They  can  idso  be  separated  by  distillation  from  the  fermented  juices  of 
apples,  pears,  cherries,  sugar  cane,  etc.  Oidy  a  few  of  these  oils  have  at  present  been 
closely  studied. 

The  best  known  is  the  so-called  fusel  oil,  or  amylic  alcohol,  Cfiifi,  which 
occurs  most  abundantly  in  raw  potato  spirit,  but  also  in  wine  and  other  fermented 
liquors.  In  the  pure  condition,  amylic  alcohol  is  an  oily  liquid,  having  a  specitic 
gravity  of  0*818 ;  at  a  temperature  below  23°  it  solidifies  in  the  crystalline  form ;  it 
boils  at  132°,  and  has  a  vapour  density  of  312. 

The  spirit  obtained  from  wine  and  wine  residues  yields  during  rectification  ao 
oily  liquid,  which  consists  chiefly  of  the  ethyl  eth<>r  of  cenanthic  acid.  The  free  acid 
corresponds  m  composition  to  the  formula : 


^^"^\o. 


The  ethyl  compound  has  the  formula : 

Both  the  acid  and  the  ether  are,  in  the  pure  condition,  oily  liquids,  solidifying  at  lov 
temperatures,  and  characterised  by  a  most  disagreeable  smell.  They  are  insoluble  id 
water,  but  very  soluble  in  alcohol.  The  acid  boils  at  212°,  but  is  then  partly  decom- 
posed ;  the  ether  has  a  still  higher  boiling  point.     Both  arc  lighter  than  water. 

It  is  not  to  these  compoimds  that  different  wines,  brandy,  rum,  or  cherr\^  water 
owe  their  peculiarly  pleasant  flavour  and  aroma ;  neither  is  it  amylic  alcohol  alone 
that  gives  to  potato,  beet,  and  corn  spirits  their  characteristic  odour.  The  bouquet 
of  wines,  and  the  peculiar  taste  and  smell  of  every  fermented  liquid,  are  dependent, 
upon  various  volatile  compounds,  many  of  which  are  soluble  in  water,  and  may  be 
obtained  from  the  vegetable  substance  yielding  the  fermented  liquid. 

The  possibility  of  the  neparjition  of  all  these  bodies  from  the  spirit  depends  upon 
the  varying  degrees  of  heat  which  are  required  to  convert  them  into  vapour.  Alcohol 
boils  at  78°,  water  at  100°,  most  of  the  oils  at  130°,  160°,  or  still  higher  temperatures : 
whilst  the  boiling  point  of  some  of  the  cot(ipou?)ds  lies  far  below  that  of  alcohol. 

Apparatus  for  Rectification. — The  apparatus  at  present  in  use  for  rectificatioo 
resembles  the  Cellier-Blumenthal  distillatory  apparatus.  Such  an  apparatus  is  repre- 
sented in  fig.  C63.  The  still  (k)  has  a  capacity  of  from  600  to  1200  gallons  and  the 
larger  capacity  is  most  advantageous  for  working.  The  steam  is  forcMl  into  the  still 
through  the  pipe  (c)  terminating  either  in  a  rose  or  a  coil  of  pipe.   The  tap(^  serrei 
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to  drair  off  Ihe  Bpent  va^.  The  pipe  (a)  is  fgr  the  mpplv  of  weak  Bjarit  Iha 
Up  (aT  lertee  either  u  an  air  cock,  or  for  Ontiag  whether  Ihe  vapour  [Toducod  still 
contaioB  ulcohoU  and  the  gauge  glaee  (6)  sbowB  the  lerel  of  the  liquid.  The  alcobolia 
vapour  passes  &om  the  still  through  the  tube  (tf)  into  the  bottom  of  the  eolnma  (b), 

■    ■     '    ■  ■   "(<). 


wtule  thi'  liquid  condensed  in  the  eulaD 


rg  back  Dto  the  still  Ihroogh  the  pipe  (( 


The  column  (a  if)  coneieta  of  tan  compartmenta  with  eighteen  diaphngmi,  similKr 
D  those  describrd  at  p.  893.  The  alcoholic  mpour  eacapiog  from  the  uppennoet 
ompnrtment  of  theeolumopaiineii  tbruugh  the  tii1>e(cc')  I'l  thedaubledepUflgawbir, 
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worms  contaiDsd  in  s  cylindricKl  reawL  The  upper  mam  {if) 
Ttctim  (^),  to  ths  boUom  of  which  is  fiU«d  ths  bent  tube  (d"),  bj 
which  the  whole  of  the  tiqnid  eondeiued  in  the  wonn  (if)  i>  deliTued  into  one  of  tlu 
upper  eompoitmrnte  of  the  rolamii,  when  it  imdaTgoea  fhither  rectifloUion.  The 
nppei  part  of  the  receiTar  (d)  is  connected  by  the  pipe  (n'')  with  the  lower  worm  (■) 
of  the  dephlegiuatoF,  sod  thus  the  whole  of  the  *Kpotir  escaping  fnm  the  upper  worm 
ig  pasied  into  the  lower  worm  (■),  which  terminatae  in  a  second  receirer  (^  when 
the  condensed  liqnid  ia  nn  off  u  before  throngh  the  tube  (//)  into  the  npp«r  oaniput- 
ment  of  the  column,  while  tbe  alcohol  Tapnor  pOMes  throngh  the  tnbe  (■'■")  into  the 
worm  (r)  of  the  condenser.  In  this  way  the  liqnids  condensed  in  the  difibrent  part* 
of  the  dephlegmatoF  are  returned  to  diffemntparta  of  the  column  according  bi  tlieir 
alcoholic  etrPQgtb.  The  lower  end  of  the  condenser  worm  is  connected  bj  meuu  of 
the  pipe  (□□)  with  the  alcoholometer  stand  (h),  from  ths  OTeiflaw  of  which  the 
diitillfttemne  into  the  ftmnel  tubes  (AA'A'i'O  "'I '"td'e  reMrroin  (as"  a"). 

If  it  be  desiird  to  carry  the  concentration  further,  the  upper  part  c^  the  wota  in 
the  condenser  can  be  made  to  net  as  h  daphlegmator,  by  adopting  tile  arruigemnit 
shown  in  figs.  e6i  and  SSS.  By  means  of  pipes  (■■)  fixed  at  the  loweK  part  of  each 
coit  of  the  worm  (DD),the  liquor  there  condensed  can  be  run  off  through  a  common  pipe 
(r').  By  more  or  leas  opening  the  cocks  (p)  gOTeming  the  pipes  (kb),  it  ispoaaible  to 
obtain  tjie  spirit  of  any  desired  degree  of  ftrengtb.  The  condensed  liqmd  ii  then 
oairied  back  Ihmngh  the  pipe  (r)  into  the  upper  part  of  the  column,  in  order  to  niidwso 
aftcfh  rectiAcation.   Cold  water  i>  supplied  bom  the  ^pe  (a'),  and  eoefc  (a^aitd  peww 
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down  through  the  pipe  (n)  inl'i  the  lower  pnrt  of  the  condoaaer.  white  the  warm  waf'r 
flows  off  fn^ni  the  pipe  (c). 

The  sepiiratian  nnd  i-ollection  of  ths  flret  runnings,  the  spirit,  and  the  after  mn- 
ningH  lire  elTerted  hj  a  suitable  combination  of  nlcoholomrter  rensele  with  a  ayatem  of 
pipfB,  ae  aho-wn  in  flg.  866.  The  lower  end  of  the  worm  coming  from  the  condenier 
IB  providetl  with  a  email  pipe '4  *),  throngh  which  the  airin  theappanitua  us  well  as 
the  m^st  ToUtile  nnd  incondennible  products  nn  Cimdncted  to  another  pipe  opening 
outside,  whilst  the  liquid  runa  into  the  inner  cylinder,  in  whirh  the  ulcuhnlomet*r 
floetB.  TheJistillate  rises  to  the  edgB  of  the  inner  cylinder,  niisinslhe  alcoholometer 
more  or  less  nccording  t.i  the  amount  of  alcohol,  nnd  tlius  indiCTting  the  nature  of 
the  distillate  pasHDg  at  the  moment,  and  it  flows  over  into  the  outer  ejlioder  (b). 
This  has  a  dii>ch«rg6  pip,i,  connected  with  n  moTable  lient  Copper  pipe  Uuw  cas 
be  tirought  opposite  thf  month  of  eny  one  of  the  piiiea,  b'.  *",  or  A",  by  wbieh  Ibe 
liquid  is  carriml  into  a  special  reservoir.  In  a  aimilar  manner  eeriHrAl  reelifyiif 
stills  can  be  ctinnDct«d  bj  t^e  CKnteK^Vvmer^ipes  withtlnir  correspondiug  Maerrnirt, 
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s  tha  pipes  (ft, 
t^  which  the  proliniiDaiy 
gi  can  be  curried  airaj'; 
,  i")  which  commuiiioaU 
Iba  pun  spirit  reMrroir, 
y*,  iT,  H"')  for  carrying 
Lhe  aftsr  roDaiiiga.    When 

ill,  tha  KlcohoIonietBrTeuel 
ihisatB,  theandofthe  beat 
1  of  the  overflow  pipe  is 
it  oTm  the  openiDg  (b')  foi 
ig  offihe  prdiminaiT  run- 
Ab  Boon  aa  the  ^cohol- 
'  ahowa  that  pu 

I  pipe  bringB  it  orer  the 
8(4*).    If  ibe  second  mill 

pure  (pint  at  the  BSme 
,ta  alcoliDlometer  vessel  (c) 
a  similat  wb/  conaected 
ho  corresponding  opening 
jid  aftermirda,  when  tba 
onninga  bt-gin  to  Llov,  wilIi 
ening  {(f').  In  whatever 
tberabre  the  distillailoQ 
b  atill  may  happen  to  be, 
■^pantsdiatillata,  accoiding 
indications  of  the  alcohol- 

'.  may  oasilj  and  withont  the  Iciut  loss  be  conducted  to  the  proper  neerv 
h  spirit  reservoir  ia  placed  a  float,  tiio  countorpoiHe  of  wbicb  moves  o 
n  the  immediate  Deighbonr-  p      krt 

fthealcuholometer  vessels, 
t  at  an;  time  the  heights 
liqaid  in  the  separete  maer- 
aq  be  easily  observed, 
canying  out  the  rec^flca- 
le  niort  is  filled  with  dilute 
of  48°  tu  60°,  aad  steam  is 
«d,  the  cotidenser  on  I  the 
gmaUir  being  filled  with 
ater.  At  first  all  the  vapoor 
laes  in  the  column  and  the 
goiator,  and  thus  tills  the 
its  eompATtmeuts  of  the 
1,  the  whole  of  the  most 
e  coaBtitaents.  forming  the 
iiuvy  ntuning^  collecting 

upper  compartments, 
adnally  the  water  id  the 
ignmtor  becomes  warm,  the 
r  is  no  longer  completely 
ised  there,  and  distillatiun 
•nceB.  At  the  same  (jme 
ick  tbrougb  which  the  con- 
'  is  supplied  with  cold 
is  opened,  and  the  flow  ia 
Wd  so  that  the  temperature 

Dpper  part  of  the  dephleg- 

^1  be  500.  This  tem- 
je  is  28°  below  the  boiling 
•t  alcohol  1  aa  almoM  coid- 
oaDdeDsation  would  thsie 
w  efiectad  hare  waia  tha 
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alcohol  yapour  to  remain  long  in  contact  with  the  sides  of  the  dephlegmator.  Bat  the 
admission  of  steam  into  the  still  is  so  regulated  that  alcohol  vapour  is  abundantly 
produced,  and  even  after  a  large  quantity  has  been  condensed  in  the  column,  it  always 
passes  with  some  rapidity  through  the  dephlegmator,  so  that  although  the  teni* 
perature  is  lowered  it  never  sinks  so  far  as  to  cause  complete  condensation.  By  the 
admission  of  the  ste^m  into  the  still,  and  of  cold  water  into  the  dephlegmator,  the 
strength  of  the  spirit  can  be  regulated.  In  well-arranged  distilleries,  the  steam  valTW 
and  the  water  cock  are  always  in  the  neighbourhood  of  the  alcoholometer  veesels,  so 
that  by  observing  the  alcoholometers  nie  supply  of  steam  and  of  water  can  be  suit- 
ably regulated. 

After  the  preliminary  runnings  at  the  commencement  of  the  distillation  have  been 
separated,  pure  spirit  of  96°  is  first  distilled.  The  spirit  is  allowed  to  run  off  into  the 
proper  reservoir  until  its  strength  falls  to  about  90°,  or  until  it  no  longer  possesses  the 
pleasant  odour  required  in  fine  spirit.  Then  the  after  runnings,  containing  some  fusel 
oil,  are  kept  apart.  Frequently  this  is  also  divided  into  two  portions,  the  first,  contain- 
ing  the  least  fusel  oil,  being  used  in  the  manufacture  of  a  common  spirit,  while  the 
second  is  again  rectified.  The  operation  is  ended  when  a  sample  of  the  vapour  passed 
off  through  a  cock  into  a  small  worm  no  longer  contains  alcohol.  The  still  is  then 
emptied. 

In  the  rectification  a  certain  portion  of  fusel  oil  is  always  vapourised ;  but  the 
greater  part  of  it  is  at  once  condenHed  in  the  lower  divisions  of  the  column,  and  flows 

continuously  back  into  the  still,  beooming 
again  and  again  vapourised  as  long  as  the 
rectification  lasts.  In  order  to  separate  this 
portion  of  the  fusel  oil  the  arrangement 
shown  in  fig.  669  has  been  introduced,  by 
which  the  liquid  coming  from  the  column 
can  be  made  to  flow  either,  back  into  the 
still  or  to  the  outside.  The  pipe  (db) 
coming  from  the  last  plate  of  the  column 
does  not  open  immediately  into  the  still  (a), 
but  is  first  carried  through  the  side  of  the 
still  to  the  exterior.  Here  it  branches  out 
into  three  pipes,  which  can  be  closed  by  the 
cocks  (f  o  h).  One  of  the  branches  turns 
back  into  the  still,  so  that  when  the  cocks  o 
and  H  are  closed,  and  p  is  opened,  the  liquid 
coming  from  the  column  passes  into  the 
still.  When  f  and  o  are  closed  and  h 
opened  it  passes  into  a  reservoir  (i)  sur- 
Fio.  669.  rounded  with  cold  water,  and  then  by  pres- 

sure is  driven  up  through  the  ascending  pipe 
(j).  When  F  and  h  are  closed  and  a  open,  everything  can  be  brought  directly  to  the 
exterior,  as,  for  instance,  when  it  is  desired  to  purify  the  apparatus,  from  time  to  time, 
or  to  effect  any  necessary  repairs. 

Savalle's  apparatus  for  rectifviDg,  represented  by  fig.  670.  consists  of  the  following 
parts : — A  double  still  (a  b),  with  steam  coils  ;  a  column  (d)  formed  of  a  large  number 
of  sieve-like  perforated  plates,  upon  which  the  condensed  liquid  collects,  whilst  steam 
rising  from  heloyr  passes  through  the  perforations  and  through  the  liquid  lying  above 
them,  the  level  of  the  liquid  upon  the  plates  being  regulated  by  escape  pipes  (/),  each 
of  which  ends  in  a  depression  (y)  on  the  perforated  plate  underneath ;  a  cylindrical 
dephlegmator  (e)  ;  a  cylindrical  condenser  (f)  ;  a  cold  water  reservoir  (h)  ;  and  alco- 
holometer vessel  (i). 

In  working  the  apparatus  the  lower  part  of  the  still  (▲)  is  filled  with  dilute  raw 
spirit,  and  steam  is  Uien  admitted  to  the  coil  of  pipes  so  as  to  bring  the  spirit  rapidly 
to  the  boUing  point.  The  alcoholic  vapour  rises  through  a  pipe  (6)  into  the  uppff 
division  of  the  still  (b),  fills  this,  and  then  passes  on  through  another  pipe  («)  into  the 
column.  The  cock  of  the  water  pipe  (6)  is  then  opened  in  order  to  fill  the  dephlegmator ; 
the  vapour  rising  from  the  column  is  there  condensed,  and  fiows  through  the  pipe  (i) 
back  into  the  column,  where  it  collects  upon  the  perforated  plates  until  they  become 
gradually  filled.  When  this  is  effected,  the  infiow  of  water  is  regulated  by  partially 
dosing  the  cock  so  that  only  about  two-thirds  of  the  vapour  that  reaches  the 
dephlegmator  is  condensed  there,  and  this  liquid  passing  back  into  the  column  fiows 
over  the  perforated  plates,  continually  giving  up  alcohol  to  the  steam  passing  through, 
until  when  it  reaches  the  bottom  of  the  column  it  contains  little  alcohol  out  much 
fusel  oil.  It  then  either  passes  through  the  pipes  (d  c)  into  the  upper  division  of  the 
still,  or  is  run  off  {torn  \)bi«  a.^^T^Vw&  ^Ito^ther.    The  vapour  not  condensed  in  the 
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deplilAgiiiaitar  gota  first  into  nsnudl  chamber  where  a  further  Email  qnantit;  of  liquid 
a  Bepanted,  tnd  goee  into  the  column  together  with  that  from  the  dephUgmator  ;  the 
Tapoor  then  pasees  into  the  coudenai'r  (f),  where  it  is  conipletely  cooled. 

A  pMuliiirit;  in  this  HppanitBs  i»  the  autonuitic  regulator  (o),  bv  which  the  ad- 
miwion  of  stsnm  into  the  heating  ooila  cud  be  eiiictly  controllBd.  The  coattmction 
of  the  oolnmn  requlrea  a  cortaio  presHnre  to  prevail  ia  tlie  spparatiu,  which  muit  be 
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d  befoTB  the  diatiUatioD  will  proceed.  This  piei 
TBPonr  u  natnrall;  dapendeet  upon  the  ijuautitj  ot  ■! 
coils  in  the  still. 

In  ibe  conitmrtion  of  this  regulator  SsTalle  utilises  the  pressure  pterailing  in 
the  apparatus  to  cui.trol  the  admissioD  of  the  steam.  Beaidee  ihe  principal  valre  in 
die  itam  Dips,  a  eecuud  one  is  iDserted,  the  bodf  of  which  (fig.  67^)  ia  of  soBicient 
widlJi  to  allow  the  quanU^  of  steam  oormallj  required  to  pass  through  wbeo  the 


pisMD  (Sg.  673)  ia  raised  to  lialf  JtM  maximum  beight.  It  a  apoD  thn 
piston  that  the  regulator  (fig.  6?))  bcU.  The  lower  chamber  of  U» 
regulalflr  (i).  partialis  filled  with  water,  eommunicateH  by  the  pipe  (r) 
with  the  iiitrrior  of  tie  eeconJ  division  of  the  etill  (fig,  870).  to  Hat 
the  pressure  prevailing  in  the  iuterior  of  the  still  is  comma nicatad  Ic 
the  lower  chii-mljorlA)  of  the  regulator,  driving  u  correaponding  qaantitrof 
water  up  tliroughanuaceadiog  pipe  (B)iDCo the  apperchai)ibsr(B).  Inthii 
epace  ia  a  lar^^e  fiuit  (c).  vhitb  rieoa  and  falls  with  the  lerel  of  the 
water  in  the  chamber.  At  its  highest  part  this  fioat  supparls  a  vertical 
rod,  which  is  faelened  to  thi>  loni;  arm  of  a  lever  (n\  whilst  the  short 
,irm  of  the  Iovit  is  connected  by  means  of  a  ncrew  with  tho  piaton  of  lit 
valiotK). 

The  action  of  tlie  reguhitor  is  therefore  evident.     At  the  tanimtBK- 
meat  of  tbo  distillatioD  the  pistun  of  tho  regulating  valve  ia  raised  to 

I  ils  highest  point,  utid  the  Bdmifsion  of  steam  is  regulated  by  the  pnn- 
I'ipul  vhIvc.  As  soon  as  the  pressure  in  the  dpporatna  att^na  the  p^w 
■legree,  the  pisWu  at  tho  regulating  tmItu  is  connected  with  theJiim 
nrm  of  the  lever  at  such  a  height  as  to  only  half  cloae  the  opeDingottbt 
VH^^e.    "K  ttcfia  ho^  cause  the  presante  in  the  apparatus  ^trrwuds  ik- 

Me  «aMi  Sb  ifiTOtt  tiuwi  \!t*'W«i«  ^jnfera  C.i.'l  of  the  regulator  to  the  nfpr 
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one  (b),  raisiDg  the  float  and  with  it  the  long  arm  of  the  lever,  and  depressing  the  short 
aim ;  the  supply  of  steam  is  thus  diminished  or  brought  to  a  standstill  for  a  time 
until  the  normal  pressure  in  the  apparatus  is  restored.  If,  on  the  contrary,  the  pres- 
sure in  the  appeuratus  is  reduced  through  toa  great  condensation  of  the  vapour,  the 
pressure  in  the  chamber  a  becomes  insufficient  to  support  an  equal  column  of  water  in 
the  chamber  b  ;  a  portion  of  the  water  flows  back  into  the  chamber  a  ;  the  float  sinks, 
the  piston  in  the  regulating  valve  is  raised,  and  more  steam  passes  in  from  the  boiler. 

By  means  of  this  regulator,  the  work  of  the  apparatus  can  be  so  equalised  that  the 
quantity  of  distillate  per  hour  does  not  vary  more  than  a  quart.  This  rf  gularity  of 
production  is  most  difficult  to  attain,  but  it  is  however  the  most  important  part  of  the 
rectification.  It  may  be  accepted  that,  of  three  parts  of  alcoholic  vapour  produced  in 
the  still,  one  part  should  reacn  the  condenser,  whilst  two  parts  should  be  previously 
condensed  and  re-worked  in  the  column.  Every  irregularity  in  the  apparatus  or 
alteration  in  the  inflow  of  steam  for  heating,  affects  the  quantity  of  vapour  reaching 
the  condenser.  If  too  much  steam  be  admitted,  too  much  water  vapour  passes  un- 
condensed  through  the  dephlegmator,  and  the  product  is  weak,  while  the  fusel  oil 
vapour  being  insufficiently  condensed  the  distillate  is  impure.  On  the  other  hand,  if 
there  be  not  enough  steam  in  the  heating  pipes,  insufficient  alcoholic  vapour  is  pro- 
duced in  the  still,  and  the  whole  is  condensed  in  the  column  and  the  dephlegmator  ; 
the  flow  of  spirit  is  consequently  interrupted,  and  the  fuel  used  during  the  standstill 
is  wasted.  All  these  inconveniences  can  be  overcome  by  using  the  automatic 
regulator. 

GHnncAL  PrrBiFiCATioN  of  Raw  Spmrr. — Many  methods  have  been  proposed  for 
the  separation  or  destruction  of  the  foreign  constituents  of  raw  spirit  by  chemical 
agents.  Most  frequently  the  agents  suggested  have  been  oxidising  substances,  such 
as  chloride  of  lime,  potassium  chromate,  ferric  chloride,  and  cupric  salts,  which  decom- 
pose alcohol  more  readily  than  the  more  stable  foreign  bodies.  Compounds  are  thus 
produced  from  the  alcohol,  many  of  which  are  distinguished  for  their  aroma,  and  the 
smell  of  these  can  cover  the  fu.sel  oil,  although  it  is  not  separated.  The  alkalies — 
potash,  soda,  and  lime — and  potassium  carbonate  can  combiue  with  certain  mal- 
odoGTOUS  acids ;  probably  also  the  ethers  of  many  acids  are  broken  up  by  combination 
with  the  acids,  and  alaehyd  may  be  partially  decomposed ;  but  amylic  and  similar 
alcohols  are  never  separated.  The  only  tolerably  effective  method  is  filtration  of  the 
spirit,  diluted  to  about  50  per  cent,  strength,  through  wood  charcoal,  and  this  is 
carried  out  in  all  well-conducted  German'  distillenes. 

For  this  purpose  a  filter  battery  is  used,  essentially  similar  in  construction  to  that 
used  in  a  sugar  refinery  (see  Suoab).  Each  separate  filter  is  covered  with  freshly 
burnt  charcoal,  and  then  filled  with  the  dilute  spirit.  After  passing  through  the  first 
filter  it  flows  through  the  others,  and  is  then  ready  for  rectification.  "When  the  ab- 
sorbent action  of  the  charcoal  is  exhausted,  the  spirit  is  allowed  to  run  off  at  the  foot 
of  the  filter  and  steam  is  admitted,  which  vapourises  any  alcohol  remaining  in  the 
charcoal,  together  with  many  other  substances  absorbed  by  it,  and  carries  them  for- 
ward into  a  condenser  connected  with  the  filter.  The  charcoal  is  then  carbonised  in 
iron  retorts  and  can  again  be  used. 

Extraction  op  Alcohol  from  Wink,  Bkbr,  ktc. — When  there  is  an  excessive  pro- 
duction of  wine  or  cider  or  the  quality  is  inferior,  the  alcohol  it  contains  may  be  profit- 
ably extracted  and  a  better  price  obtained  for  it  in  the  more  portable  form  of  spirit 
than  its  natural  condition.  Beer  that  is  turning  sour  or  is  otherwise  deteriorated  may 
also  be  treated  in  the  same  way.  This  is  the  object  of  the  distillation  of  wine,  which 
is  carried  on  largely  in  the  south  of  France,  and  is  there  an  important  branch  of 
industry,  though  the  extent  to  which  it  is  practised  varies  from  year  to  year  according 
to  the  quantity  of  wine  produced. 

In  the  purchase  of  these  liquids,  apart  from  the  amount  of  alcohol  they  contain, 
the  distiller  has  to  take  into  consideration  the  special  character  of  the  raw  material, 
especially  its  aroma  or  bouquet,  as  this  sometimes  imparts  to  the  spirit  a  special  value. 
Thus,  the  Montpellier  spirit,  having  a  strength  of  84®'4,  prepared  from  ordinary  wine, 
is  valued  at  from  Sd.  to  6d.  per  gallon  more  than  well-rectified  spirit  having  a  strength 
of  89^'6,  prepared  from  molasses,  grain,  or  potatoes.  Still  greater  is  the  difference 
in  value  in  the  finer  kinds  of  brandy  and  the  spirit  used  in  the  manufacture  of  brandy. 
Thus  whilst  beet  spirit  of  90^  is  of  less  value  than  spirit  of  wine  of  the  same  strength, 
and  that  from  grape  residues  of  less  value  than  either,  the  brandy  of  Armagnac  and 
of  Ck>gnac  of  60^  alcoholic  strength  is  worth  twice  to  even  six  times  as  much,  accord- 
ing to  its  age,  aroma,  and  delicacy  of  flavour.  In  the  article  on  Wimb  it  is  pointed 
out  that  red,  white,  or  slightly  coloured  wines  can  bo  prepared  at  will  from  red 
g^rapes,  according  as  the  must  is  allowed  to  ferment  in  contact  with  the  skins  of  the 
grapes  or  not.  White  wines  prepfired  from  red  grapes  are  the  most  esteemed  for  the 
urandy  manufacture,  as  they  contain  in  the  smallest  proportion  the  constituents  of 
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the  skins,  which  woxild  impart  to  the  brandy  prepared  from  wine  containing  them  an 
unpleasant  flavour,  and  reduce  the  value  of  the  spirit  prepared  from  3ie  grape 
residues.  In  brandy,  as  in  wine,  various  volatile  subi^tances  occur,  part  of  which  are 
probably  first  formed  during  the  distillation;  those  of  one  class  are  characterised 
by  an  unpleasant  odour,  and  originate  from  the  constituents  of  the  skin;  thoee  of 
the  other  class  have  an  agreeable  smell  and  originate  in  the  fleshy  portion  of  the 
berries. 

In  Germany  the  distillation  of  wine  is  not  very  prevalent,  as  there  is  not  anj  o?er- 
production  of  low-priced  wines  sueh  as  occurs  in  France.  In  the  Rhine  provinces  occa- 
sional experiments  have  been  made  to  produce  Cognac  from  wine,  but  at  no  time  to 
any  great  extent.  In  France,  however,  the  case  is  quite  different,  for  there  the  distil- 
lation  of  wine  yields  by  for  the  greater  part  of  the  spirit  manu&ctured. 

Tbbatmemt  op  Sacchabinb  Materials. — In  operating  upon  saccharine  materials,  a 
further  process  is  requisite  in  order  to  obtain  alcohol :  viz.  the  conversion  of  the  sugar 
into  alcohol  by  fermentation.  This  operation  is  conducted  in  various  ways,  either  by 
spontaneous  fermentation  or  by  the  addition  of  yeast.  The  starting  point  of  this 
operation  is  almost  without  exception  the  yeast  produced  in  brewing,  but  in  the 
manu&cturo  of  spirit,  a  sufficient  supply  of  brewer  s  yeast  cannot  always  be  obtained, 
and  therefore  the  manufacturer  is  under  the  necessity  of  producing  yeast  for  the  pur- 
pose.    This  is  done  in  two  different  ways. 

According  to  one  method,  the  saccharine  liquid  is  mixed  with  enough  yeast  to  set 
up  fermentation,  and  when  this  has  advanced  to  a  considerable  extent,  tLe  liquid  is 
divided  iato  two  portions,  one  of  which  is  allowed  to  continue  fermenting  while  the 
other  is  mixed  with  a  fresh  quantity  of  the  liquid  to  be  fermented.  When  the  fer- 
mentation is  sufficiently  far  advanced  in  this  second  portion  of  liquid,  it  is  divided 
into  two  parts  and  one  portion  mixed  with  fresh  liquid,  while  the  other  is  allowed  to 
continue  fermenting.  This  is  continued  with  fresh  quantities  of  the  liquid,  until  the 
whole  is  brought  into  a  state  of  fermentation. 

According  to  the  other  method,  a  concentrated  saccharine  liquid  is  prepared  by 
inl using  malt  with  warm  watt^r ;  when  cold  it  is  mixed  with  beer  yeast,  and  left 
until  vigorous  fermentation  has  commenced ;  meanwhile  the  liquid  to  be  fet- 
mented  is  made  ready  by  the  time  the  fermentation  is  at  its  height.  The  yeast  is 
then  divided,  and  a  portion  used  to  set  up  fermentation  in  the  liquid  that  is  to  ha 
fermented,  while  the  rest  is  preserved  for  the  production  of  a  further  supply  of  yessc 
by  mixing  it  with  a  fresh  quantity  of  malt  infufflon.  This  is  again  divided  into  tvo 
portions  and  used  as  before. 

Both  these  methods  differ  only  in  so  far  that,  in  the  flrst  mentioned,  the  yeast  in- 
tended for  setting  up  the  fermentation  is  produced  in  the  bulk  of  the  liquid  to  be  fe^ 
mented,  while  in  the  other  a  special  liquor  must  be  prepared  for  the  purposes  of  po- 
ducing  the  yeast.  The  latter  method  has  the  disadvantage  that  since  the  yeast 
remains  for  some  time  exposed  to  the  atmosphere,  acidification  takes  place  by  the 
formation  of  acetic  acid  and  lactic  acid,  in  consequence  of  the  development  of  other 
forms  of  fermentation  besides  alcoholic  fermentation,  and  in  this  way  loss  of  material 
arises.  It  is  therefore  necessary  to  exercise  great  care  in  the  production  of  the  yesjt. 
During  the  time  that  elapses  before  it  can  be  mixed  with  a  fresh  quantity  of  malt  in- 
fusion, it  should  be  kept  carefully  covered  to  prevent  contact  with  atmospheric  air, 
and  also  cooled  to  a  low  temperature  by  enclosing  it  in  sheet-iron  boxes,  immersed  ic 
ice-cold  water.  If,  in  spite  of  these  precautions,  the  yeast  shows  signs  of  any  con- 
siderable formation  of  acid,  which  is  best  ascertained  by  the  taste,  it  is  advisable  to 
throw  away  the  whole  and  prepare  a  fresh  supply  with  beer  yeast. 

In  the  treatment  of  beet  sugar  and  molasses,  which  is  now  largely  carried  out 
a  further  point  has  to  be  observed.  The  material  is  always  alkaline  in  consequence 
of  the  presence  of  a  compound  of  sugar  with  alkalies  or  lime ;  and  since  yeast  doec 
not  cause  fermentation  in  alkaline  liquids,  the  molasses  must  be  misled  with  enon^ 
acid  before  the  addition  of  the  yeast  to  neutralise  the  alkali.  Sulphuric  acid  is  geDr^ 
ally  used  for  this  purpose,  and  the  sUtte  of  neutralisation  is  judged  of  by  means  of  Mq« 
litmus  paper,  which  should  be  only  feebly  reddened  by  the  liquid.  Excess  of  add 
mtist  be  equally  avoided. 

A  similar  addition  of  sulphuric  acid  is  made  in  operating  upon  beet-root  juice,  net 
because  it  is  alkaline,  but  because  it  has  been  found  by  experience  that  the  fermeiita* 
tion  goes  on  in  this  material  with  very  much  greater  regularity  when  it  is  feeUr 
acid  than  when  it  is  neutral.  If  the  addition  of  acid  is  omitted,  the  fermentstion 
goes  on  very  irregularly,  the  liquid  assumes  a  slimy  character,  and  the  evolntion 
uf  carbonic  dioxide  causes  a  violent  frothing,  by  which  considerable  loss  is  oocssioDed. 
On  the  contrary,  the  fermentation  proceeds  quite  uniformly  when  from  one  to  two 
pirtB  of  sulphuric  acid  are  added  to  1 000  parts  of  beet*root  juice.  The  ezpUnsdoB 
of  the  infiLuence  X^hxia  oxsmMii  V]  voi^huric  acid  has  not  been  ascertained  with  etf- 
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tainty.  but  it  ha?  been  sbitcd  tliat  the  acid  precipitates  a  black  ferment,  though  the 
further  examination  of  this  sul  stance  has  not  been  undertaken. 

In  molasses  as  well  as  in  beet  roots  the  sugar  is  cane  sugar,  which  is  not  directly 
capable  of  undergoing  fermentation.  However,  by  heating  cane  sugar  with  a  small 
quantity  of  sulphuric  acid  to  a  temperature  of  70^,  it  cjin  be  converted  into  a  mixture 
of  equal  molecules  of  grape  sugar  and  fruit  sugar  in  a  very  short  time,  and  both  these 
kinds  of  sugar  are  susceptible  of  fermentation.  »Some  manufecturers  carry  out  this 
operation  by  heating  the  acidified  solution  of  molasses  up  to  the  l>oiling  point ;  but 
this  is  not  necessary,  since  yeast  has  the  power  of  converting  cane  sugar  rapidly  into 
grape  sugar. 

The  progress  of  the  fermentation  is  regulated  by  the  amount  of  yeast,  and  by  the 
temperature  of  the  liquid.  If  it  is  required  to  take  place  rapidly,  the  saccharine 
liquid  is  mixed  with  yeast  at  a  temperature  of  about  20^  or  22"^,  and  when  it  is  re- 
quired to  take  place  slowly,  a  temperature  of  17°  or  18°  is  necessary.  The  quantity 
of  yeast  added  is  also  of  influence  upon  the  rate  of  fermentation,  but  no  general  rule 
can  be  laid  down,  since  it  is  also  affected  by  a  number  of  other  conditions.  The  tem- 
perature of  the  place  where  the  fermentation  is  conducted,  the  extent  of  surface  ex- 
posed, the  conductibility  and  radiating  capacity  of  the  vessel  in  which  the  fermenting 
liquid  is  contained,  the  variations  of  temperature  caused  by  changes  of  atmospheric 
conditions,  the  quality  of  the  saccharine  solution,  and  its  relative  susceptibility  to  fer- 
mentation, as  well  as  the  quality  of  the  yeast,  are  all  circumstances  which,  together 
with  others,  influence  to  some  extent  the  fermentation,  and  must  therefore  be  taken 
into  consideration. 

When  the  fermentation  is  completed,  the  liquor  is  treated  in  the  same  manner 
that  has  been  already  described  in  the  case  of  the  distillation  of  alcoholic  liquids. 

Fermentation  of  Fruit. — All  kinds  of  fruit  can  be  made  to  yield  alcoholic  bever- 
ages, each  having  a  peculiar  aroma.  One  of  the  most  agreeable  of  these  is  kir  sch- 
wasser,  the  best  qualities  of  which  are  produced  in  the  Black  Forest,  but  it  is  also 
prepared  in  many  districts  in  France  and  Switzerland.  Its  preparation  is  simple. 
The  sound  ripe  cherries  are  plucked  and  freed  from  their  stidks,  and  after  slightly 
crushing  the  entire  mass,  about  one-fourth  of  the  whole  is  removed  in  order  to  crusn 
the  stones,  and  then  again  placed  with  the  remainder.  The  kernels  cofitain  amyg- 
dalin,  which  by  decomposition  is  converted  into  oil  of  bitter  almonds,  hydrocyanic 
acid  and  sugar,  the  first  two  imparting  to  the  product  a  peculiar  and  agreeable  aroma. 
According  to  the  degree  to  which  it  is  desired  that  this  aroma  should  be  predomi- 
nant, the  proportion  of  crushed  kernels  must  be  varied,  the  taste  and  smell  of  kirsch- 
wasser  becoming  more  intense  the  larger  the  proportion  of  kernels  crushed.  The 
pulpy  mass  passes  ^dually  into  fermentation.  As  soon  as  this  is  over  the  distil- 
lation is  proceeded  with  by  forcing  steam  through  the  rulp,  and  collecting  Ihe  distillate 
as  long  as  it  is  sufficiently  strong.  The  after  running  is  collected  separately,  and  added 
to  the  next  quantity  of  pulp  to  be  distilled. 

Manufacture  of  Alcohol  from  Sugar  Beet, — The  production  of  alcohol  from 
the  juice  of  the  beet  was  first  attempted  by  Dubrunfnut  in  1824,  but  the  manufacture 
was  very  soon  relinquished  on  account  of  the  low  price  of  spirits  at  that  time.  In 
1837  a  manufactory  was  established  in  Valenciennes  for  the  working  of  beet  molasses 
for  alcohol  and  potassium  salts.  Since  1845  the  beet  spirit  manufacture  in  France 
has  increased  considerably  ;  many  sugar  manufactories  have  been  converted  into  dis- 
tilleries, and  in  others  arrangements  exist  for  producing  spirit  or  sugar,  according  as 
the  price  of  either  may  make  its  manufacture  the  most  profitable.  For  the  conver- 
sion of  a  beet  sugar  manufactory  into  a  distillery  only  the  ad«Iition  of  fermenting  vats 
and  distillatory  apparatus  is  necessary,  whilst  the  existing  utensils,  the  beet  wxshers, 
raspers,  juice  presses,  defecating  pans,  reservoirs,  and  piping,  all  are  utilised.  By  the 
addition  of  a  column  to  the  vacuum  apparatus  it  can  be  easily  converted  into  a  dis- 
tillatory apparatus. 

The  metnod  of  procedure,  which  is  subject  to  many  modifications,  is  in  general  as 
follows : — 

The  cold  juice  flowing  from  the  press  is  heated  to  20**  in  the  defecation  pan,  passed 
into  the  fermenting  vat,  and  mixed  with  about  4  lbs.  of  concentrated  sulphuric  acid 
diluted  with  ten  times  its  weight  of  water  for  every  t?20  gallons  of  juice.  This 
acidification  converts  the  unfermentable  cane  sugar  into  glucose,  and  also  prevents 
the  development  of  a  peculiar  ferment  which  induces  a  mucous  fermentation. 

In  the  first  operation  fermentation  is  started  by  the  addition  of  beer  yeast,  and 
the  yeast  is  propagated  by  proper  sowing.  For  a  vat  containing  about  3,300  gallons 
of  juice  16  to  18  lbs.  of  yeast  are  used,  carefully  distributed  through  10  or  12  gallons 
of  water.  In  coM  weather  the  fermentation  is  stimulated  by  warming  the  juice  in  the 
fermenting  vat^  after  the  addition  of  the  yeast,  to  a  temperature  of  21^  to  22^.  The 
fermenting  vats,  in  order  to  protect  the  contents  from  cooling,  are  closed  with  covers 
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provided  with  a  trap  door,  through  which  the  fermeDtation  can  be  observed.  The 
progress  of  tho  fermentation  is  controlled  by  testing  with  the  saecharometer.  Im- 
mediately after  the  addition  of  the  yeast  to  the  jmce  the  saecharometer  indicates  11®, 
and  the  indication  sinks  gradually  until  the  fermentation  is  ended,  when  it  is  constant 
at  1®  to  2°. 

The  fermentation  lasts  from  three  to  four  days.  By  regularly  filling  two  or  three 
vats  daily,  there  will  be  altogether  8  or  10  vats  required,  so  that  one  may  always 
be  ready  for  filling  and  one  in  reserve. 

When  the  fermentation  in  the  first  vat  is  concluded,  the  nearly  clear  contents  in 
drawn  off  for  distillation.  The  yeast  formed  during  the  fermentation  lies  upon  the 
bottom,  and  is  left  in  the  vat,  in  order  to  set  up  the  fermentation  in  the  freeh  joice 
with  which  the  vat  is  then  filled.  Besides  the  fresh  yeast,  however,  there  remains 
also  the  old  decomposed  yeast,  which  favours  the  collection  of  a  large  quantity  of 
foreign  ferments.  One  frequent  result  of  this  is  an  irregular  progress  of  the  fer- 
mentation. Instead  of  the  liquor  entering  quickly  and  regularly  into  alcoholic  fer- 
mentation, showing  a  regidar  rise  in  the  temperature,  there  is  frequently  observed,  in 
consequence  of  the  foreign  ferment,  only  a  slight  evolution  of  carbonic  ainhydride,  and 
a  slow  rise  of  temperature,  the  liquor  becoming  continually  more  acid ;  so  that  when 
it  is  distilled  only  a  small  quantity  of  alcohol  is  obtained,  and  the  wash  contains  mnch 
acetic  acid  or  lactic  acid.  It  may  also  happen  that  the  liquor  suddenly  enters  into 
energetic  fermentation,  forming  a  thick  scum  and  foaming  over  the  sides  when  the 
vats  are  not  sufficiently  capacious. 

Whenever  an  irregularity  of  this  kind  takes  place  the  yeast  should  be  completely 
removed,  the  vat  washed  with  boiling  water,  then  with  milk  of  lime,  and  afterwards 
with  pure  water,  and  fresh  beer  or  pressed  yeast  used  for  the  next  lot  of  juice.  It  is 
advisable  always  to  avoid  allowing  the  yeast  to  collect  in  the  vat  for  any  long  time, 
and  to  effect  a  partial  renewal  of  it  at  each  operation. 

The  wash  from  the  beet  roots,  being  mixed  with  the  pressings,  yields  a  ^sdder 
having  the  same  relation  to  the  beet  root  used  as  the  potato  refuse  to  ptttatoea. 
In  both  cases  the  relative  proportions  of  the  constituents  have  been  rendered  more 
ftnitable  for  feeding  purposes;  the  excess  of  sugar  being  separated  from  the  beet 
roots,  as  some  of  the  starch  is  from  the  potatoes,  while  the  whole  of  the  albuminous 
substances  and  mineral  constituents  are  retained.  The  refuse  from  a  beet-root  dis- 
tillery has  therefore  a  very  high  agricultural  value. 

The  only  disadvantage  attending  its  use  arises  from  the  large  amount  of  water  in 
tho  spent  wash,  which  is  greater  than  in  the  juice  of  the  beet  root  when  in  the  extrac- 
tion of  the  juico  water  is  added  as  in  the  manufacture  of  sugar.  This  disadvantage 
may  however  to  some  extent  be  obviated,  and  at  the  same  time  a  complete  extractioo 
of  the  juice  may  bo  secured  by  using  spent  wash  instead  of  water.  Further  concen- 
tration of  the  juice  is  effected  by  using  coils  or  jacketed  vessels  for  the  steam  used  in 
the  distillation,  in  place  of  blowing  it  directly  into  the  stills;  and  further  by  attaching 
to  the  distillatory  apparatus  a  special  rectifier  for  separating- the  water  condensed,  as 
shown  on  p.  897. 

The  extraction  of  tho  juice  is  sometimes  effected  by  a  process  of  difiPusion  some- 
what similar  to  that  practised  in  the  manufacture  of  sugar  from  beet  root.  This 
method  of  extracting  the  juice  however  may  be  carried  out  for  the  purposes  of  spirit 
manufacture  with  more  simple  apparatus  that  involves  little  cost  in  its  erection.  Id 
addition  to  the  machine  for  cutting  up  the  beet  roots,  it  consists  of  a  series  of  eight  or 
more  wooden  vats  or  tubs  with  perforated  false  bottoms.  The  bottom  of  each  of  these 
vats  is  connected  by  means  of  a  woo<len  pipe  with  the  t^p  of  the  next  succeeding  rat 
The  vats  are  also  fitted  with  wooden  pipes  for  completely  discharging  the  liquid  con- 
tents, and  with  steam  pipes,  by  means  of  which  steam  can  be  blown  into  Uie  pipes 
connecting  the  vat&  In  carrying  out  this  process,  that  part  of  the  juice  contained  in 
the  cells  ruptured  in  cutting  up  the  beet  roots  is  simply  washed  out,  but  the  &r  greater 
part  contained  in  the  cells  which  remain  intact  can  only  be  obtained  by  passing  throng 
tho  membrane  of  the  cells  by  diffusion.  The  first  and  the  eighth  vats  of  a  series, 
communicating  by  means  of  a  pipe  and  a  cock,  are  placed  out  of  communication  bj 
closing  the  cock.  About  10  cwts.  of  beet-root  slices  are  placed  in  the  first  vat,  whiA 
is  then  filled  up  with  water.  Tho  second  vat  is  then  filled  with  slices.  While  the 
water  is  fiowing  into  tho  first  vat,  steam  is  passed  in  through  the  pipe  by  which  the 
first  and  second  vats  communicate.  The  water  is  thus  heated,  and  comes  upon  the 
slices  in  the  second  vat  almost  boiling,  and  thus  disintegrating  the  cells  facilitates  the 
process  of  diffusion.  After  some  time  tho  third  vat  is  tilled  with  slices,  and  steam 
pissed  into  the  tube  connecting  the  second  vat  with  the  thinl,  while  cold  water  is  mn 
into  the  first  vat  and  the  liquid  thus  displaced  from  it  into  tho  second,  where  it  is 
heated  by  steam,  passes  hot  into  the  third  vat,  while  cold  water  is  again  ran  into  the 
first.    In  ihitt  way  t\ie  itVioY^  oi  \)bA  vo^tA  are  filled  with  slices  and  liqnid,  fresh 
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Ming  always  ran  into  the  Oat  val  And  the  liquid  healed  bj  a  jet  of  Bteam  STeiy  tjme 
it  comes  into  contact  with  freah  ilicea.  When  nil  the  vnt^  are  filled  the  contents  of 
the  flret  Tst  an  exhausted.  Communication  between  the  first  and  second  vata  is  cnt 
1^,  the  water  rnn  awnj  froni  the  bottom,  the  eihauited  sticee  remored,  and  a  jresh 
snmtl^  pat  into  the  Tut.  On  the  other  hand,  the  juice  in  the  eighth  vat  conlaina 
BuMcient  sugiar  for  fermentation,  and  it  is  then  drawn  off.  Fresb  water  is  then  run 
into  the  second  rat  >o  Hs  to  drive  the  contents  of  the  seventh  into  the  eighth,  after 
which  the  liquid  in  the  eighth  rat  is  heated  bj  Blaam  and  driven  into  the  first  vat. 
The  second  vat  is  Chen  claired  out  and  reGllod,  water  bein^  run  into  the  third,  and 
the  HBcnnd  then  jieldiag  a  fermentable  liquor.  The  disadvantage  of  this  method  lathe 
loss  of  the  spent  wash,  which  is  too  bulky  to  be  consumed  by  such  a  number  of  CattU 
■a  mn  coQTenieiitly  be  kept  in  connection  with  the  works,  and,  it  hns  been  in  many 
places  Buperucdod  by  the  method  introduced  by  Cbamponnoia.  which  admits  of  the 
consumption  otthe  spent  wash  and  other  residues. 

By  Chnmponnois's  method  the  beet  slices  nre  placed  in  a  vac  having  n  false  bottom, 
and  for  every  ton  of  beet  4  lbs.  of  sulphuric  acid,  previously  diluted  with  thirty 
times  ite  weight  of  water,  are  added,  and  then  60  ^lons  of  boiling  wash  poured 
on.  Water  is  used  only  at  the  first  stage  of  the  operatiune  ;  afterwards  the  spent 
wash  from  previous  operations  is  nsed.  After  standing  an  hour  the  liquor  is 
drawn  ofif  and  brought  into  b  second  vat  filled  with  fresh  slices,  the  first  being 
refilled  with  fresh  wash.  The  maceration  is  continned  in  both  vats  for  another  hour, 
when  the  liquor  is  rnn  from  Che  secoad  vat  into  a  third  vat  containing  frosh  slice*, 
and  that  in  the  first  vat  is  transferred  to  the  second.  After  being  macerated  with 
the  third  quantity  of  slices,  the  liquor,  which  has  been  increased  about  one-fourth  in 
Tolnme  by  the  beet  juice  it  hai  taken  up.  hae  become  euHicieutly  rich  in  sugar  to 
bo  passed  into  one  of  three  fermentation  vats.  The  first  vnt,  the  beet  in  which  has 
already  been  oihaneted  with  two  quantities,  ia  again  fillt-d  with  wash;  but  this  is 
only  left  in  contact  during  half  an  hour,  to  allow  time  for  a  portion  of  the  adherent 
liquor  to  drop  through  the  perforated  bottom  before  the  residue  is  removed  for  fodder. 
The  operation  is  repeated  so  that  Che  v^it  containing  the  fresh  slices  is  filled  with  Che 
liquor  which  lias  been  in  contact  during  an  hour  with  the  slices  in  the  neiC  previons 
vat.  whilst  the  slices  in  that  vat  undergo  a  second  macomtion  with  the  liqnor  from 
the  neit  previous.  The  liquor  from  the  slices  undergoing  a  third  injiceration  before 
it  is  passed  into  the  neit  vat  is  beated  in  a  special  voi^bel  nearly  to  boiling,  in  order 
to  dhaiUsI  the  beet  with  which  it  comes  into  contact  as  much  as  possible.     Each 

SantiCy  of  beet  slices  undergoes  consequently  three  successive  exhaustions,  in  which 
e  greater  portion  of  its  sugar  is  eicbiiiged  for  the  constituents  of  the  wash,  and 
thas  a  large  part  of  the  beet  constituents  are  removed  before  the  r>:sidne  is  used  for 
fodder. 

The  work  can  be  considerably  simplified  by  connecting  the  throe  vats  by  mcAns  of 
pipes,  in  such  a  manner  that  a  pipe  passes  from  below  the  perforated  bottom  of  one 
vat  over  the  top  of  the  next.  By  the  introduction  of 
B  three-ways  cock  these  pipes  can  then  be  used  for 
drawing  off  the  finished  liquor.  A  section  of  each  a 
cock  in  connection  with  the  piping  is  represented  in 
flg.  874.  With  the  position  of  the  cock  there  shown, 
the  pipes  (*  and  n)  between  the  two  vats  are  inn 
neeted ;  but  upon  turning  the  cock  one-fourth  round 
the  perforation  (a  fijconnectu  the  channels  (a  and  c) 
The  connection  being  open  between  a  and  c  the 
liquor  can  be  nm  off  entirely;  but  when  it  is  open 
between  i  and  b  it  passes  from  one  vat  into  the  other  i 
as  soon  as  the  level  of  the  liquid  is  higher  in  the  first  ' 
than  in  the  second. 

The  fermentation  is  so  carried  on  that  a  propor 
Uonally  large  quantity  of  eonCinnally  renewed  yoasC 
acts  upon  Che  sugar  at  one  Ijme,  by  which  means  the 
most  perfect  fermentation  possiWo  is  produced  in  the 
shortest  time.  The  juice  begins  Co  ferment  at  a  tem- 
perature of  16°  to  17',  which,  as  a  rule,  it  attains  without  further  attention,  as  tho 
wash  comes  almost  boiling  on  to  the  slices,  and  the  first  liquor  drawn  off  has  a  tem- 
peralurr  of  40°  to  60°,  which  is  reduced  during  the  last  maceration  to  the  given 
point.  During  the  fermentation  Che  temperature  of  the  fermenting  liquid  shouU  Dot 
Tue  abOTs  23°  to  2fi°. 

Arrmgemnl  of  a  Beet  Spirit  JHtlilhry.Siga.  676  and  878  are  plans  of  a  spirit 
distillery,  suited  to  the  operations  carried  out  in  the  agricultural  districts  of  France, 
Mcording  (o  the  method  of  Champonnois.     I'ig,  875  is  a  ground  plan,  showing  tha 


FiQ.  874. 


■beii  (i.)  into  which  the  bast  roota  u«  brought  throu^  the  luge  door  ftom  Ou  viU,  a 
cedar  to  b«  eleaiiMd  id  the  washer  (b).  nud  m&d«  raady  for  the  dicing  mae^uM  {e\ 
both  of  wbieh  ue  Mt  in  notloii  b;;  ">»  bone  mill  (a).  The  beet  nx>ts  liie  eat  iato 
thin  elieea  and  placed  ia  one  of  the  nuumiting  rata  (d  d),  and  the  "'■■"t'H  dicea 


ruD  upon  a  tr<un«aj  to 


are  then  miiPd  witli  coane  fodder  in  the  n-ceiverr 

the  iBttlp  M*ll»  fiir  coneumpti™.    The  juife  ohtiiiucdlij  mucprating  the  alirad  b««l 
Gral  through  Hn  open  and  then  throng   an   unddgitnBd 


trough  to  the  fenuentntion  v: 


[,  figB.  676  and  677).    In  thf  middle  of  iTe  fu- 


BEET  ROOT  SPIRIT. 


913 


moitlng  iDom  ii  a  dwp  MMrvoir  (i,  flg.  STS),  into  which  th«  fcrmsotad  liqaor  paues 
from  the  fenDantatioii  rata,  and  from  this  it  ia  raiaad  by  a  pump  into  the  two  nighar 
reauToin  abore,  whence  it  can  flow  into  ths  diatiUinB  apparatm  (t  a).  Th«  diitiUata 
mna  into  a  naerrair  (l)  in  the  store-room  (a),  which  ia  lepaiated  bj  maaiive  wall* 
from  all  the  other  room*  in  the  dietillerj.  Here  it  it  fiUed  into  cMk*  nftdy  for 
trauport 

Veitieal  and  horiiontal  eeetion*  of  the  maceration  rata  are  ihown  in  flgt.  078  and 
STS.   In  the  lower  pait  of  these  is  a  falsa  bottom  (A)  perforated  wilh  holes,  npon  which 
thRslieea  of  beet  root  rett  AbuTeia  another  shelf  (i],  nlso  perfonlNl.  bf  means  ufwhieh 
FiO.  678. 


.  iiiiii.  Iiiiui; 


the  wash  and  watM  to  be  used  in  the  mawralion  are  disCnbnted  ovot  the  beet  root. 
Theae  liquors  art  run  into  the  Tata  from  special  Tessels  placed  at  a  higher  elBTatioo. 
The  rata  are  emptied  by  maane  of  pipes  (b  c  a)  opening  into  the  space  below  the  lower 
fWbe  bottom  and  controlled  bj  a  threfl-waya  cook.  Through  these  yip«  the  liqnor 
Haea  to  the  troiigh  (a  a),  at  the  end  of  which  ia  a  pnmp,  by  which  the  Iiqoor  is  raised  to 
the  hjjlbsr  tionoh  (n  »),  and  then  Howe  on  to  the  fmaenlation  Tats.  The  eihansted 
alioea  are  nmoTed  from  the  macention  Tats  threngh  openmgs  (l  l),  on  a  leTel  wJth 
the  falae  bottom.  Daring  the  working,  thesa  openmge  are  closed  by  strong  doon 
&i.t«nad  by  a  kkw.  as  shown  in  figs.  880  and  881.  Mora  detailed  iDformabOD 
aa  to  the  method  of  obtaining  th^  juice  has  bean  giTon  nnder  3uoib. 


o 

0     o     0 

n 

1 

i 

? 

a 

0 

o      c      o 

The  fermenting  Tata  are  .infacieutly  large  to  contain  about  Ml)  gallons.  The 
fermentation  ia  atwtad  by  mnning  the  irat  yield  of  Sfi  gallooa  of  liquor  (torn  the 
baceMtion  vau  into  the  fermanlation  vat,  and  adding  to  it  abort  10  Iba.  of  bear 
-  •   ■      ntai  or  in  jnice.     Ferraentatjon  commence  at  once.     After 
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standing  an  hour  another  «i6  gallons  of  jaice  is  obtained  from  the  Moond 

rat,  and  this  is  ran  into  the  fermenting  liqnor.     Fresh  additions  of  jniee  are  similarij 

made  every  hour  until  the  vat  is  fall. 

The  fiill  vat  is  allowed  to  Ptand  twenty-four  hours ;  a  ooek  is  then  opened  near 
the  bottom,  oommanicating  with  the  second  fermentation  vat,  into  whidi  half  at  the 
liqaor  from  the  first  one  piibses.  A»  each  fresh  quantity  is  added  hourly  firom  the 
maceration  vat,  it  distributes  itself  equally  between  the  two  vats  and  panwii  into  fisr- 
mentatiou.  Twelve  hourn  after  the  filling  is  ended,  the  principal  fermentation  is  ex- 
hausted. The  c<mnection  between  the  two  vats  is  then  shut  off;  the4iquoir  in  the  fint 
vat  is  allowed  to  stand  fur  a  farther  twenty>four  hours  for  the  after  fermentation, 
and  is  then  rewly  for  distillation  ;  and  half  of  the  contents  of  the  second  vat  art 
simi lariy  run  into  a  third.  Whilst  the  after  fermentaUou  is  going  on  in  the  first  vat,  the 
secoiKl  and  third  are  being  filled  with  fresh  juice,  and  the  liqaor  in  the  second  vat  is 
then  in  its  turn  allowed  to  stand  for  the  after  fermentation.  When  ODce  the  work  is 
in  operation,  there  is  thus  provided  every  morning:  I.  A  vat  containing  perfectly 
ferment<fd  liquor,  which  is  distilled  in  the  course  of  the  day ;  2.  Another  m  which 
the  after  fermentation  will  be  completed  during  the  next  twenty-four  hours ;  3.  A 
third,  in  which  fermentation  has  arrived  at  the  same  stage  as  the  next  previous  one, 
the  contents  of  which  will  be  divided  and  mixed  with  fresh  juice. 

The  progress  of  the  fermentation  is  examined  with  the  thermometer  and  lacehaiio- 
meter.  The  temperature  of  the  liquor  rises  gradually  from  16^  or  17®  to  22®  to  25^ 
and  at  this  prjint  it  remains  constant  during  the  first  fermentation,  and  then  grMlually 
fallH.  The  saccharr>meter  indication  is  lower  in  proportion  as  the  fsmientation  of  the 
sugar  progresses. 

Four  fermenting  vats  are  always  worked  tc^ther.  In  emptyhw  the  one  in  which 
the  liquor  is  ready  for  distillation,  the  precaution  is  taken  not  to  fflcaw  off  the  whole 
of  the  liquor,  a  small  quantity — about  100  gallons — being  left.  During  the  fermeota- 
tion.  the  inactive  and  exhausted  portions  of  the  yeast  are  deposited  at  the  bottom  of 
the  vat  together  with  impurities  from  the  juice.  These  are  now  stirred  up  with  the 
last  portion  of  the  liquor,  and  the  whole  run  off  into  a  special  vessel,  in  order  to  bring 
it  immediately  into  the  distilling  apparatus.  This  is  done  because  the  impurities 
would  otherwise  l>e  deposited  upon  the  plates  of  the  column,  and  contaminate  them. 
Being  submitted  to  continued  boiling  during  the  distillation,  these  substances,  in  con- 
sequence of  t  hearoount  of  albumin  they  contain,  can  only  increasethe  value  of  the  residoe. 
They  are  therefore  left  in  the  wash,  and  when  used  in  the  maceration  of  the  slices  ul 
bf'et  art'  retained  by  them  as  in  a  filter.  After  the  separation  of  these  deposits,  each 
fcrmfnting  vat  undeigoes  a  oareful  purifimtion  before  it  is  again  used  in  order  to  pre- 
vent as  far  as  possible  the  aircumulation  of  foreign  ferments.  It  is  fqrther  very  ad- 
vantage^mn  if  every  evening.  aft«T  the  work  is  finished,  all  the  maceration  vats  aw 
emptied  and  perfectly  clean8e<l,  since  the  liquor  remaining  in  contact  with  the  slicei> 
frequently  becomes  slimy  during  the  night,  and  then  interferes  with  the  normal  pro- 
gress of  the  fermentation.  The  liqaor  last  drawn  off  from  the  slices,  but  not  yet  rich 
enough  in  sugar,  is  left  all  night  in  the  l)oiler,  in  order  that  in  the  morning  it  may  he 
he;ited  and  passr-d  l)oiling  on  to  the  fresh  slice.**.  This  inconvenience  is  avoided  iu 
those  establishments  where  the  work  is  carried  on  day  and  night. 

If  in  obtaining  the  beet  juice  a  larger  quantity  of  wash  be  used — about  double  the 
quantity  of  the  juice  to  be  obtained-  -the  slices  can  be  exhausted  at  a  lower  tempera- 
tures The  re-heating  of  the  juice  can  thus  l>e  dispensed  with;  or  its  temperstiue 
may  even  l)e  lowered,  and  the  excess  of  heat  used  to  warm  the  already  fermented  liqaor. 
The  liquor  thus  obtained  is  less  concentrated,  but  as  it  ('ontains  a  smaller  quantity  ot 
those  substanees  that  are  dissolved  at  a  hi^h  temperature,  it  is  purer,  and  the  hr- 
mentation  gO("<  on  more  easily  and  regularly,  and  it  is  not  liable  to  so  nuny  acddeotf 
through  acetic,  iHctic,  and  other  fermentations.  Champonnois  has  so  far  modified  hij* 
metho<l  that  at  present  he  uses  double  the  quantity  of  wash  at  a  temperature  of  70^- 
For  cr>oling  th»;  wash  which  comes  boiling  hot  from  the  distilling  apparatus,  a  cooler  is 
introduced  between  the  condenser  and  the  dephlegmator,  which  hah  essentiallv  tb« 
construction  of  the  Knglish  condcnf^er  represent  etl  on  p.  899.  The  ferment«d  liquor 
to  be  distilled  flows  first  from  the  reservoir  into  the  condenser  of  the  apparata8,iD 
order  that  all  alcohol  vapf)ur  niiiy  be  condensed.  Becoming  somewhat  heated,  it 
pas.'^'S  then  into  the  outer  portion  of  thecooliuL^  apparatus,  whilst  the  Ixnling  mh 
circulates  through  the  worm,  hj  which  mi»ans  the  temperature  of  the  wash  is  redu«d 
to  a})ont  70°,  while  that  of  the  liquor  to  be  distilled  is  raised  to  6.***  <ir  60<>. 

The  distillation  is  curriiMl  out  with  the  column  and  doable  still  apparatus,  in  snrh 
a  manner  that  one  still  can  be  emptied  ev^^ry  hour,  it«  capacity  corresponding  eiuctlr 
with  that  of  one  of  the  maceration  vats. 

Use  of  (he  ResidntA. — In  a  working  day  of  t«n  hours  about  4,000  U)9.  of  exhauted 
slices  are  produced.    T\v«m  «kX«  vA  once  removed  to  the  cattle  stalls  and  mi  zed  with 
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oat,  rye,  ot  barley  ftraw,  or  chopped  straw,  hiiy  or  clover,  in  such  proportions  as  to 
give  three  volumes  of  dry  fodder  for  ev^ry  volume  of  wet  residue.  When  a  quantity 
of  this  has  been  prepared,  it  is  stored  up  in  large  wooden  chests  or  pits  with  cemented 
hrickwork  sides.  The  wash  absorbed  by  the  beet  slices  moistens  the  dry  substance  ; 
it  rapidly  becomes  heated,  and  fermentation  of  its  constituents  takes  place.  This 
goe0  on  during  thirty-six  hours,  when  the  previously  hard,  dry  mass  becomes  com- 

fletely  softened  and  uniformly  moist,  and  acquires  a  pleasant  aromatic  vinous  smell. 
D  this  condition  the  fodder  is  acceptable  to  all  kinds  of  cattle. 

This  fodder  has  a  considerably  higher  value  than  the  pressings  obtained  from  the 
sugar  factories,  because  it  contains  all  the  nutritive  constituents  of  the  beet  root, 
whilst  in  the  sugar  factories  a  large  portion  passes  into  the  defecation  and  Maturation 
slime,  another  portion  is  absorb^  by  the  animal  charcoal,  and  lastly  the  principal 
part  goes  into  the  molasses  and  is  thus  lost  as  fodder. 

The  high  value  of  the  refuse  adapts  this  method  for  agricultural  requirements,  and 
it  has  been  widely  adopted  in  France.  The  spirit  manufacture  is  there,  as  in  the 
Gennan  potato  spirit  factories,  looked  upon  as  an  economic  means  of  providing  fodder, 
and  the  operations  are  r^ulated  by  the  requirements  of  the  cattle.  As  a  partial  al- 
teration of  the  sugar  has  not  here  the  importance  it  has  in  the  sugar  manufacture, 
the  season  of  work  may  be  extended  over  a  far  longer  time ;  usually  it  lasts  from  the 
beginning  of  October  to  the  beginning  of  May ;  consequently,  during  the  whole  of  the 
time  that  fresh  fodder  is  scarce.  This  use  of  the  beet  root  has  the  further  advantage 
that  less  consideration  has  to  bo  given  to  the  essential  condition  of  the  sugar  factories, 
the  highest  possible  amount  of  crystallisable  sugar  and  the  least  possible  non-saccharine 
matter.  The  beet  roots  for  the  distillery  can  therefore  be  cultivated  with  fresh 
stable  manure,  and  the  largest  quantity  obtained  that  a  given  surface  will  yield. 

Leplay  Dubrwifaui's  Method. — In  the  year  1854,  Dubrunfaut  published  the  obser- 
vation that  beet  roots  cut  into  slices  can  undergo  alcoholic  fermentation  when  they 
are  placed  in  a  fermented  or  fermenting  liquid  ;  a  maceration  and  a  difiusion  process 
go  on  simultaneously,  the  alcohol  formed  occurring  both  in  the  beet  and  the  surround- 
ing liquor.  Upon  this  observation  he  based  a  new  industry,  which  was  carried  out  in 
the  fcAowing  manner : — 

At  the  commencement  of  the  operation  a  quantity  of  beet  juice  is  provided,  either 
by  pressure  or  maceration,  equal  to  double  the  quantity  of  beet  roots  to  be  worked  up 
on  the  first  day.  1,000  parts  of  juice  are  mixed  with  2  parts  of  sulphuric  acid, 
heated  to  20°,  and  placed  with  some  yeast  in  a  vat.  As  soon  as  the  fermentation  be- 
comes lively,  a  large  cylinder,  made  like  a  sieve  of  perforated  sheet  iron,  is  let  down 
into  the  liquid,  and  this  is  filled  with  slices  of  beet,  1^  inch  wide  and  ^  inch  thick, 
preyiously  acidified  with  3  parts  of  sulphuric  acid  to  1,000  parts  of  beet.  After  the 
introduction  of  the  slices,  the  temperature  of  the  fermenting  liquor  must  be  kept  at 
20Oto24<>. 

The  fermentation  of  the  juice  appears  then  to  be  propagated  in  the  inner  tissue  of 
the  beet,  since  it  is  found  that  after  the  lapse  of  twelve  to  twenty-four  hours,  the  cells 
contain  alcohol  and  no  sugar.  But  it  is  quite  likely,  from  what  is  known  of  the 
action  of  ferments,  that  this  fermentation  of  the  juice  within  the  cell  is  only  an  ap- 
parent one.  Every  fermentation  requires  the  direct  contact  of  the  sugar  with  the 
ferment.  But  since  the  fungus  cannot  penetrate  into  the  separate  cells  of  the  beet 
roots,  it  is  not  probable  that  fermentation  takes  place  within  the  cell.  The  more  pro- 
bable explanation  is  tliat  in  the  fermenting  liquid  there  is  less  sugar  than  in  the  beet, 
80  that  a  process  of  diffusion  is  set  up.  The  particles  of  sugar  are  drawn  out  from 
the  beet  roots  and  pass  into  the  liquor,  where  they  are  at  once  decomposed  by  fer- 
mentation, so  that  gradually  aU  the  sugar  passes  out  of  the  cells.  On  tne  other  hand 
the  alcohol  makes  its  way  into  the  cells,  and  this  process  of  diffusion  goes  on  until 
the  proportion  of  alcohol  in  the  cells  equips  that  in  the  surrounding  liquid. 

After  the  fermentation  is  ended  the  sieve  cylinder  is  withdrawn,  and  when  the 
greater  part  of  the  liquor  has  drained  off"  through  the  perforated  bt^ttom  of  the  sieve, 
the  beet  slices  are  submitted  to  distillation. 

For  this  distillation  a  special  apparatus  is  used.  The  beet  slices  are  placed  in 
shallow  perforated  iron  dishes,  ha\nng  an  opening  through  the  middle,  through  which 
the  dishes  can  be  piled  one  above  another  upon  a  movable  iron  rod.  The  lowest  dish 
rests  upon  the  foot  of  the  rod  ;  this  is  filled  with  fermented  beet  slices,  and  then  a 
second  empty  dish  is  placed  above  it  and  filled,  and  this  is  repeated  until  a  pile  of 
dishes,  10  feet  high,  is  formed.  The  upper  part  of  the  iron  rod  is  then  hung  from  a 
pulley,  and  swung  into  a  cylinder  of  the  distilling  apparatus,  about  4  feet  wide,  the 
cylinder  being  then  hermetically  clo^'ed  by  a  cover.  In  tin*  upper  part  of  the  cylinder 
there  is  an  escape  pipe,  connected  with  a  rectifier  and  a  condenser,  and  steam  is 
pMsed  in  through  a.  pipe  at  the  lower  part  so  as  to  heat  the  beet  slices ;  this  converts 
the  alcohol  into  vapour,  which  escapes  into  the  rectifier. 

3.^2 
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Immediately  after  the  ramoyal  of  the  beet  slicen  from  the  fermenting  Tat,  a  fireih 
cylinder  fall  is  sunk  into  the  liquid,  and  the  fermentAtion  can  be  thus  carried  on  for  a 
period  of  a  month,  fresh  slices  being  supplied  as  needed. 

During  the  fennontation,  the  volume  of  the  juice  that  passes  ont  from  the  beet 
slices  is  greater  than  that  of  the  fermented  liquor  which  is  absorbed.  At  each  filling 
of  the  distilling  apparatus,  therefore,  sufficient  liquor  is  removed  firom  the  fermenting 
Tat  to  prevent  an  overflow  upon  the  immersion  of  a  fresh  sieTe  ftill  of  beet  sliees. 
This  liquor  is  brought  ioto  the  distilling  apparatus  together  with  the  fermented  sliees. 
Three  stills  are  iidvantagi'ously  used  connected  with  one  another,  and  with  the  recti- 
fier. At  the  commencement  of  the  operation  they  are  each  filled  with  freshly  fer- 
mented beet  and  a  corresponding  quantity  of  juice.  Steam  is  then  admitted  to  the 
first  apparatus,  and  communication  opened  with  the  condenser.  At  firsts  and  so  long 
OS  the  upper  layers  act  as  a  dephlegmator  to  the  vapour,  a  distillate  rich  in  alcohol  is 
obtained ;  but  in  proportion  as  the  upper  layers  become  heated,  the  distillate  becomes 
weaker.  The  direct  communication  with  the  condenser  is  shut  oiF,  and  the  vapoor 
passes  into  the  second  cylinder,  where,  coming  into  contact  with  the  cold  liquor,  the 
greater  part  is  at  first  condensed.  Gradually  the  liquor  and  the  lower  dishes  become 
heated,  and  the  vapour  that  is  then  formed  is  strong  in  alcohol  and  is  passed  into  the 
condenHer. 

By  thirt  time,  the  contents  of  the  first  cylinder  have  been  completely  freed  from 
alcohol.  The  steam  is  therefore  shut  oflf^frum  it  and  admitted  directly  into  the  second 
cylinder,  which  is  set  in  communication  with  the  third.  Meanwhile,  the  first  cylinder 
is  being  emptied  and  filled  with  fresh  slices,  so  that  by  the  time  the  distillation  of  the 
second  cylinder  is  finished,  the  third  can  be  connecte^l  with  the  freshly  filled  first 
cylinder  and  the  operation  made  continuous. 

It  is  essential  for  tht^  success  uf  this  method,  that  the  presence  of  all  foreign  fer- 
ments should  b<;  avoided.  According  to  experience  this  is  best  effected  by  the  aoditioD 
of  sufficient  sulphuric  acid  to  represent  2  parts  of  acid  to  1,000  of  liqoid.  In  the 
normal  course  of  the  fermentation,  the  acidity  of  the  juice  is  always  somewhat  less 
than  might  be  expect*^  from  the  quantity  of  sulphuric  acid  added,  and  LeplaT  was  of 
opinion  that  this  neutralisation  was  due  to  ammonia  or  some  other  alkaline  substances 
form<Hi  during  the  fermentation.  This,  however,  is  not  the  case,  and  it  is  more  pio- 
bable  that  the  partial  neutralisation  is  due  to  the  decomposition  by  the  sulphuric  acid 
of  the  pectic  salt«.  which  occur  in  considerable  quantity  in  beet  root,  with  the  forma- 
tion of  insoluble  pectic  acid. 

The  slices  remaining  after  the  fermentation  amount  to  about  40  per  cent,  of  the 
weight  of  the  beet  root  used.  These  form  a  fodder,  containing  a  large  quantity  of 
water,  but  it  can  be  pr«'served  for  a  long  time  pn-sse*!  down  in  pits.  The  residoair 
liquor  Ih  mucrh  diluted  by  the  condenstnl  steam,  and  is  not  usually  used,  although  it 
contains  all  the  soluble  constituents  of  the  juic  except  the  sugar. 

Spirit  from  the  Molasses  of  the  Stiaar  Factory. — In  commerce  three  kinds 
of  molasses  are  met  with,  that  from  the  colonial  sugar  factories,  that  from  the  sugar 
refineries,  and  that  from  the  beet-mw  sugar  fiu'tories.  Of  these,  only  the  last  is  of 
importance  in  the  £uropean  spirit  manufacture*.  The  first  is  used  in  the  colonics 
cither  alone  or  with  an  addition  of  cane  juice,  and  especially  that  from  damaged  canct. 
for  conversion  into  rum  by  fermentaticm  and  distillation.  The  portion  of  colonial 
molasses  coming  into  the  European  market  is,  in  consequence  of  its  value  as  a  food 
material^  too  high  in  price  to  be  worked  for  spirit.  .The  refiner}'  molasses  is  more 
frequency  used  for  the  sophistication  of  West  Indian  molasses,  and  only  the  moit 
inferior  portion  of  it  is  usea  with  the  raw  sugar  mohisses  in  the  distillery. 

In  the  concentrated  condition,  as  yielded  by  the  sugar  factories,  molasses  has  not 
the  power  of  fermentation ;  it  therefore  has  to  Ih'  diluted  with  water.  This  is  be«t 
done  by  tilting  the  cask  with  the  bunghole  opened  over  a  vessel  filled  with  boiliog 
water.  The  tiiick  syrup  becomes  liquefied  by  the  heat  and  runs  into  the  water,  with 
which  it  is  mixed  by  stirring  with  a  spatula.  Aft^r  the  greater  port  of  the  molawfs 
has  run  out  of  the  cask,  steam  is  passed  into  the  bunghole ;  and,  condensing  on  tht 
cold  sides,  liquefies  an<i  washes  away  the  syrup  still  adhering,  thus  effecting  st  tb« 
same  t  ime  a  purification  of  the  cask. 

The  hot  concentrated  solution  of  molasses  is  mixed  with  sufficient  cold  water  to 
indicate  20^  by  the  saccharometer.  Sulphuric  acid  is  then  added  until  any  alkalinitj 
due  to  the  presence  of  sugar  lime,  alkali,  etc.,  disappears,  and  the  liquor  clearij 
reddens  blue  litmus  paper. 

The  temperature  of  the  concentrated  liquor  is  regulated  so  that  after  the  additios 
of  the  cold  water  required  it  falls  to  about  22° :  in  winter  one  or  two  degrees  hitler, 
in  summer  as  much  lower.  Fermentation  is  then  induced  in  the  liquor  by  the  additios 
of  the  presaed  yeaiiit,  or  \\\  German  factories  more  frequently  by  malt  veast.  ThefenMS- 
tation  commeucea  c^u\cV\^  an^Ka'ncniSDkYM^Vj  \Vve  bursting  of  small  babbles  of  cuboaie 
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add  at  the  sides  of  the  rat ;  gradually  the  evolution  of  carbonic  acid  spreads  oyer  the 
entire  surfi&ce  and  a  white  scum  is  formed.  If  the  scum  be  so  strong  that  the  liquor 
thzeatena  to  rise  over  the  side  of  the  vat,  water  containing  a  little  soft  soap  in  solution 
is  pofored  over  the  scum,  which  generally  causes  it  to  collapse,  and  at  the  same  time 
the  evolution  of  carbonic  acid  subsides.  During  the  progress  of  the  fermentation,  the 
tempeTSture  of  the  liquor  rises  while  its  density  becomes  less.  The  rise  of  tempera- 
ture and  the  saccharometer  indications  should  be  observed  morning  and  evening  and 
noted. 

The  fermentation  of  the  molasses  is  ended  when  the  scum  disappears  from  the 
BorfiBice,  and  the  evolution  of  carbonic  acid  ceases.  The  distillation  should  be  commenced 
at  once  in  order  to  prevent  any  secondary  changes  and  the  formation  of  acids  in  the 
fermented  liquor. 

The  following  observations  were  made  in  a  well-oonduct«d  molasses  distillery 
during  the  progress  of  a  fermentation.  The  fermenting  vat  had  a  diameter  of  0^  feet ; 
the  inaide  height  was  nearly  9^  feet,  the  height  of  the  liquor  (molasses  of  20^  S.)  was 
8  feet.  The  total  contents  was  about  d,7oO  gallons,  representing  upwards  of  12,600 
Iba.  of  molasses  of  76^  S.  (sp.  gr.  I*3d7)»  neutralised  with  sulphuric  acid,  and  176  lbs. 
of  yeast  added : — 

tiaocharometer 

Degrees.  Temperaturo. 

At  Starting 20°  22-26® 

Second  day 18°  24° 

Third  day 12-6«>  30° 

Fourth  day e-e**  33-76*> 

Fifth  day o-6*>  3d«» 

The  fermented  liquor  yielded  6*8  per  cent,  of  pure  alcohol,  or  about  3  gallons  for  * 

OTery  100  lbs.  of  molasses. 

During  the  fermentation  a  rise  in  the  temperature  of  the  liquor  beyond  36°  should 
be  avoided,  as  at  a  higher  temperature  a  conversion  of  the  alcohol  formed  into  acetic 
acid  readily  takes  place.  This  is  best  done  by  commencing  at  a  low  temperature. 
Should  the  fermentation  notwithstanding  l>ecome  ho  vigorous  as  to  threaten  to  ex- 
ceed this  temperature,  the  fermenting  liquor  can  be  passed  into  another  vat  previously 
cooled  with  cold  water,  or  run  through  a  cooling  apparatus. 

The  inconveniences  of  secondary  t'orment^itions  may  be  produced  by  the  use  of  bad 
ferment.  Besides  the  alcoholic  fermentation,  lactic  fermentation  is  set  up,  and 
also,  by.  a  special  ferment,  the  so-called  mucous  fermentation,  by  the  latter  of  which 
the  whole  of  the  liquid  is  converted  into  an  almost  jelly-like  mass.  Moreover,  when 
putrefying  yeast  is  used,  the  evolution  of  carbonic  acid  is  accompanied  by  rod-brown 
vapours  of  hyponitrous  acid,  very  irritating  to  the  lungs,  and  arising  from  the 
decomposition  of  nitrates,  which  are  always  present  to  some  extent  in  molasses. 

But  care  as  to  the  ferment  is  only  a  partial  remedy  against  the  secondary  fermen- 
tations ;  the  most  absolute  cleanliness  is  requisite  in  all  the  vessels,  and  throughout 
the  whole  building.  Every  fermenting  vat  after  each  fermentation  should  be  most 
carefully  purified ;  every  trace  of  deposit  that  may  be  the  carrier  of  foreign  ferments 
should  be  completely  reniovo<l ;  the  entire  space  in  which  the  vats  are  placed  shoidd 
be  regularly  cleansed,  and  provided  with  a  non-porous  floor  from  which  all  liquids 
rapidly  drain  off.  Accidents  to  the  ffrmentiition  are  very  frequently  referable  to 
neglect  in  this  respect.  If,  notwithstanding  all  precautions,  the  wrong  fermentation  is 
inouced,  nothing  can  be  done  but  to  remove  all  the  ferment,  thoroughly  purify  all  the 
utensils,  and  commence  again  with  fresh  yeast. 

Pretervation  of  Yeast, — Many  attempts  have  been  made  tu  preserve  yeast  for  a 
longer  time.  It  has  been  mixed  with  concentrated  molasses,  or,  after  pressing,  dried 
at  a  low  temperature  with  an  admixture  of  powdered  wood  charcoal  or  starch.  These 
methods  are  however  of  very  doubtful  utility.  The  death  of  a  considerable  portion 
of  the  yeast,  when  kept  for  some  time,  cannot  be  prevented.  Also  during  the  drying, 
unless  great  care  is  exercised  the  yeast  is  destroyed,  whilst  thousands  of  spores  of 
foreign  ferments  may  be  carried  by  the  air  to  tlio  yeast  during  the  operation.  The 
preservation  of  yeast  is  however  of  less  importance,  because  good  pressed  yeast  can  be 
had  almost  daily  in  most  places,  and  by  the  proper  treatment  of  malt  yeast  the  want 
can  always  be  supplied. 

If  the  recovery  of  the  potash  salts  contained  in  the  molasses  (see  before)  be  com- 
bined with  the  working  for  spirit,  it  is  desirable  that  the  spent  wash  should  be  ob- 
tained in  as  concentrated  a  condition  as  possible,  in  order  t4>  lessen  the  cost  of  evapo- 
ration.   This  is  accomplished  by  a  modification  of  the  distilling  apparatus. 

The  column  of  the  second  still  of  Derosne's  apparatus  is  divided  into  two  parts, 
and  it  can  then  be  so  worked  that  onlv  a  small  portion  of  the  liquor  from  the  con- 
densed vapour  flows  back  into  the  still,  the  bulk  of  it  being  rectified  in  a  spedal  stiU. 
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Such  aD  arningemeiit  is  Bhowo  in  fig.  682.  The  finil  Btill  (i)  a>..iM.u..o_««  ...  . 
oidinary  wiiy  with  the  sBCond  ( n),  and  ihissupporls  a  compiitmtiTely  tow  colonui  (c).  b 
which  ihB  vipour  pasaee  tlirongh  Ihe  pipe  (d'j  inte  the  third  itiU  (b"),  with  ■' '- 


Fio.  lisa. 

(c"),  BOd  from  Ihencp  through  tbe  pipo  (b)  into  the  dephlc^mator  (r),  and  the  eon- 
denaer  (h).  On  the  other  hand,  the  liquor  to  be  distilled  rnae  from  the  reserrDir 
Hied  at  a  higher  elexaljon,  into  the  condenser  and  thenci^  into  the  dflphlegmator,  and 
bucming  thus  hoalcd,  Bnvg  diFectl;  iato  the  colnmn  (o)  of  the  second  still,  witikont 
paaiiing  through  the  thiid  «till  (b'}  with  ila  column  (c").  The  liquor  which  is  con- 
dfins«d  in  the  dephlegmator  (f)  on  the  contrar}'  runs  thioush  a  bent  pipe  (o)  into  the 
column  (c'),  and  passes  in  thn  opposite  direction  to  the  alcoholic  vapour  into  the  ikicd 
atiU  (b').  This  Btill  ia  moderately  healed  liy  boing  placed  over  the  ilmnght  from  the 
boilfr  furnace.  From  time  to  time,  when  it  bus  become  nearly  fllW  witb  alcoholic 
liquor  collected  in  it.  direct  steam  is  admitted  and  the  alcobol  is  distilled  off;  the  »- 
maining  liquor,  which,  besides  water,  contains  the  whole  of  the  fusel  oil  condensed  in 
the  column  and  in  the  dephlegniator,  is  run  off  through  a  pipe  (h')  at  the  bottom, 
Anotfier  method  is  to  run  off  the  whole  of  the  condensed  liqnor  at  if,  and  redi^  it  in 
a  special  apparatus. 

TBUTMBNt  OF  Amtlacboub  Hatkbuls. — In  this  case  another  operation  has  to  be 
carried  out  in  addition  to  those  already  described,  tiz.  the  conversion  of  the  Ksrcb 
into  fermentable  substances.  This  is  done  essentially  in  the  way  described  already, 
in  treating  of  dextrin  and  starch  sugar  (pp.  8(10  and  806).  but  with  some  slight  modi- 
fications. The  conversion  of  sturch  take«  place  under  the  iofiuence  of  Che  diactaie 
in  malt,  which  determines  (be  combinntiou  of  etarch  with  tlie  elsments  of  water,  and 
its  partial  conversion  intfl  grape  sugar  according  to  the  equation  : 
GEorch  Gnpa  bii^at 

C,H,.0,    +    H,0    -    c.e„o. 
According;  to  recent  obeerration?,  which  nppenr  to  confirm  previour  stAtements,  tin 
altfratioD  of    starch  does  not   seem   to  be  altogether  so  sharply  defined,  and  it  ii 
prnhablo  that  there   is  produced  with  inch  molecule  of  grape  sugar  a  molwmle  of 
aextriu.  so  that  the  change  would  lie  eipresscd  liy  the  following  equatioD  : 
SCanti  DeitriTi         ritaoe  augar 

2C,H,.0^  >■  H,0  ^  C.W„0,  +  C,H„0, 
Whellipc  this  is  strictly  correct  or  not  must,  however,  bo  iletermined  bj  further 
investigation.  According  to  many  olisprvations  the  mode  in  which  the  alteration  rf 
Man'h  takes  pliico  depcmls  csaentially  upon  the  temperature,  in  au^'h  a  manner  that  it 
all  temperatures  Wlow  6I>°  grape  sngar  is  chiefly  produced,  while  at  tempeiBtnrM 
approaching  75°,  iit  which  diastaae  Is  itself  altered,  chiefly  ileitrin  is  formed.  Though 
dextrin  Is  not  itFilf  susceptible  of  fermentation,  it  doe*  In  the  presence  of  logat  lalu 
jmrt  in  the  fttmenxnt^on,  -fo-^^  ^.f^er  having  been  converted  Into  sugU' ;  bat  in  all 
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tho  presence  of  a  large  uniouut  of  dextrin  has  the  effect  of  retarding  fermenta- 
tion, and  frequently  thin  bubstaneo  i*emain8  entirely  unchanged  by  it.  Consequently, 
it  is  above  all  things  eitseutial  to  conduct  the  process  uf  Haccharification  in  such  a  man- 
ner that  as  mui'h  sugar  iis  possible  may  be  produced  together  with  the  least  dextrin  ; 
and  this  object  is  sought  to  be  attained  by  keeping  the  temperature  of  the  liquid  in 
which  the  starcli  is  \mng  acted  upon  by  diastase  from  rising  above  Gd".  At  the  same 
time  it  is  advisable  not  to  reduce  the  temperature  much  below  this  point,  because  the 
conversion  of  the  starch  takes  place  in  that  case  too  slowly. 

By  means  of  the  diastase  ot  malt  all  kinds  of  amylaceous  materials  can  be  saccluiri- 
iied,  provided  aire  be  taken  to  provide  for  the  diastase  being  brought  into  contact  with 
the  whole  of  the  starch.  According  to  the  nature  of  the  particular  material  to  be 
operated  upon  with  this  object,  various  preparatory  operations  have  therefore  to  be 
carried  out  which  will  be  subsequently  described. 

Although  the  spirit  manufacturer  and  the  beer  brewer  make  use  of  diastase  for  the 
same  purpose,  still  it  has  a  different  signilicance  for  each.  Malt  is  the  material  from 
which  the  brewer  prepares  his  beer,  but  with  the  spirit  manufacturer  it  is  rather  tlie 
means  by  which  he  atUvins  the  object  of  converting  into  sugar  a  large  quantity  of 
starch  over  and  above  that  iictually  contained  in  the  malt  itself.  The  brewer  has, 
however,  to  provide  that  the  raw  material  he  uses  does  not  introduce  into  his  siiccha- 
rine  liquor  substances  which  would  afterwards  communicate  to  the  beer  an  objection- 
able flavour ;  and  since  it  is  possible  for  him  to  employ  a  proportionately  large  quan- 
tity of  diastase  to  convert  into  sugar  a  proportionately  small  quantity  of  starch,  tho 
roalt  he  employs  does  not  require  to  contain  a  large  amount  of  diastase.  In  the  pre- 
paration of  malt  for  the  brewing  of  beer,  therefore,  the  germination  is  stopped  as 
soon  IU3  a  sufficient  amount  of  diastase  has  been  produced,  and  the  shoots  growing 
ont  of  the  grain  are  carefully  separatetl,  because  they  would  communicate  to  the  beer 
a  disagreeable  taste.  At  the  same  time,  by  drying  and  roasting  the  malt,  it  is  sought 
to  produce  certain  substances  which  give  to  the  beer  either  colour  or  aroma,  and  tiiis 
is  done  even  at  the  risk  of  destroying  a  portion  of  the  diastase  in  the  malt. 

None  of  these  considerations  have  to  I)e  taken  into  account  by  the  spirit  manu- 
facturer; in  his  case  it  is  merely  necessary  to  obtjun  a  material  possessing  the  highest 
possible  sugar-producing  capability.  This  object  is  secured  by  allowing  the  malt  to 
germinate  longer ;  and  while  the  brewer  stops  the  germination  as  soon  jis  the  shoot 
has  attained  the  same  length  as  the  barleycorn  itself,  the  malt  used  for  making  spirit 
18  allowed  to  grow  until  the  shoot  is  almost  twice  as  long.  During  the  growth  of  the 
shoot  a  large  quantity  of  diastase  is  formed,  not  only  in  the  grain  but  also  in  the 
shoot ;  and  therefore  the  shoots  are  not  removed,  but  used  together  with  the  malted 
grain.  Moreover,  since  the  kiln-drying  of  malt  has  the  (effect  of  destroying  much  of 
the  diastase,  the  spirit  manufacturer  uses  the  malt  chiefly  or  almost  entirely  in  the 
green  state.  The  production  of  malt  should  be  so  arranged  that  it  can  always  be  used 
in  the  fresh  green  condition  :  or,  if  it  be  desirable  for  any  special  reason  to  use  kiln- 
dried  malt,  it  must  be  remembered  above  all  things  that  the  temperature  at  which 
it  is  dried  should  be  as  low  as  possible  so  as  to  prevent  the  loss  of  diastase  to  the 
utmost. 

In  conducting  the  operation  of  converting  the  sUirch  into  sugar — technically  termed 
the  mashing — verydifferont  plans  are  followed,  >iccording  to  the  nature  of  the  mate- 
rial operated  upon  and  the  custom  of  different  localities.  In  England,  for  example, 
this  operation  is  conducted  exactly  in  the  same  manner  that  tho  beer  brewer  m.'ikes 
his  infusion  of  malt.  When  the  formation  of  sugar  is  completed  the  clear  wort  is 
drawn  off,  the  grains  are  washed  out  with  water,  and  the  wort  is  set  to  ferment.  In 
Germany  a  simpler  procedure  is  adopted,  and  the  entire  liquid  is  fermented,  together 
with  the  grain,  wluvtever  the  nature  of  the  material  operated  upon.  The  apparatus 
used  for  this  purpose  is  essentially  the  same  hh  that  employed  by  the  beer  brewer,  in 
preparing  wort  (see  p.  946),  and  the  only  difference  is  that  the  mash  tuns  have  no 
mlse  bottom  for  the  separation  of  tho  gniins. 

When  the  formation  of  sugar  is  at  an  end,  it  is  above  all  things  requisite  to  cool 
the  mash  as  rapidly  as  possible,  and  bring  it  to  the  temperature  suittible  for  the  fer- 
mentation, because  when  the  cooling  takes  phice  slowly  lactic  fermentation  is  apt  to 
take  place.  For  effecting  this  object  the  same  kind  of  apparatus  is  useil  that  the 
brewer  employs  for  cooling  wort,  as  subsequently  described  under  the  head  of '  Bkbr 
Brkwino  '  (see  p.  962)  ;  but  while  the  brewer  requires  to  clear  his  wort  while  it  is 
\mng  cooled,  the  spirit  manufacturer  does  not  need  to  do  this,  and  he  is  able  therefore 
to  have  recourse  to  other  means  by  which  the  cooling  of  the  mash  is  very  much  more 
rapidly  effected. 

In  places  where  there  is  abundance  of  water,  and  it  can  be  obtained  with  little  cost 
for  use  in  the  works,  it  may  be  advanbigeously  used  for  cooling  the  mash.  For  this 
purpose  the  apparatus  xepresentod  bj  fig.  683  may  be  employed. 
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«  slowly,  K)  Chat  thr 


emutinetad  k>  tlut  the  liquid  to  be  rooln]  is  nude  Co  pau  dmnrii  Tcry 
'  "  '  r  ii  nude  to  flow  throDgh  aimilar  a^ouuag 
fwgM  in  Boeh  s  manner  u  to  lovw 
the  Cempentim  of  tha  hot  liqnor.  la 
the  appanCiu  nprauntad  in  tho  izvw- 
ing,  cold  watn  u  iatndiirad  thra^ 
the  fbniiel  (a)  ind  after  pusing  tliniBrii 
the  chanDvli  Mcapes  throngh  the  du- 
charge  pip°  (d).  The  hot  SqnDr  ii  in- 
troduced (hnni^  the  funiiel  (/)  and 
eecapes  throogh  the  diaUiaige  pipe  (■). 
V'Hnoos  Bmngameata  of  this  kind  an 
in  Dse  for  thia  parpofa. 

The  Moling  appantni  moat  gener- 
allj  empluyed,  and  (hat  which  ia  in 
moat  eaaea  the  beat  Euited  far  the  par- 
piMe,  consiete  of  a  ahAlkiir  nmnd  tbI 
made  of  mt'iron  ^tea,  the  joiota  el 
which  are  made  ti^t  bj  caonCcboac 
Btripa,  aod  held  togetha  1^  aerew  holla. 
•r  In  ths  centre  of  the  rat  ia  a,  TcMical 
^  ahait  canying  two  hoiriiontal  aimii 
upon  whicii  a  nnmber  of  inw  bladea 
re  fixed.  The  shaft  ii  drinn  Igr  a  belt 
tEirreii  up  in  all  tlirectioas  bj  the  iron 
blades,  sod  frpih  portionB  ore  ranstantlj  bronght  into  coDtact  with  the  air,  and  in  this 
vnj  the  ndiiLtion  of  he^il,  as  well  aa  the  crapDratioa  of  water,  are  v«;  much  fiicilitatad. 
To  promote  the  cooling  bj  these  means  still  further  care  is  taken  to  eoMire  eonataat 
renewal  of  thp  air  surrounding  the  vat,  by  filing  orar  the  wrtitnl  shaft  a  second  hoUow 
wheel  which  carries,  immediately  aboie  the  arms  of  the  other,  two  fiuis  sel  nt  an  angle. 
This  hollow  wheel  mores  in  the  oppo^te  direction  lo  the  other,  and  is  driven  at  twin 
the  speed.  The  funs  driTS  the  air  before  them  a^inet  the  circulating  mash,  and  ia 
this  way,  by  uiipg  air  nitae,  the  masa  is  aofficteptly  eouled. 

A  more  efficient  Rpparatns  tJian  that  just  described  is  the  cooler  constmctad  hr 
SiemeriB.  It  connsts  of  a  vertical  inn  cylinder  in  ths  axis  of  which  is  fitted  af>r- 
Tolving  wheel  which  carries  a  number  of  horizontn]  iron  discs,  and  between  each  |aii 
of  these  diMS  there  is  a  ring-shaped  projection  upon  llie  side  of  the  cylinder.  During 
ths  operation  the  wheel  is  driven  at  the  rate  of  60O  to  SOO  rerolntious  per  miantc 
The  hot  mash  flows  thmugh  a  tube  upon  the  uppermost  disc  revolving  with  the  wiietl, 
and  is  thus  driven  by  ccntifnigal  force  against  the  side  of  the  cylinder,  rotlects  then, 
and  flows  along  the  ring-ahapcd  pruJecCion  downwards  (u  the  secood  disc,  where  it  u 
again  forced  againgt  the  side  uf  the  cylinder;  then  Sows  over  the  fallowing  ring-shaped 
projection  to  the  tJiird  diM.  and  so  on  nutil  it  arrives  at  the  foot  uf  ths  cylinder,  when 
it  comes  inU>  contact  with  a  strong  blnst  of  uir  forced  against  it  bj  a  fan  fiied  to  ths 
Tipper  part  of  tho  wheel  that  drives  the  air  ont  of  the  cylinder  with  great  foree,  n 
that,  since  there  is  no  other  opening  for  the  access  of  air,  the  air  at  the  foot  of  tha 
cylinder  :a  made  to  flow  on  with  Che  same  velocity.  Therefore,  white  Che  mash  a 
spread  out  in  thin  layen  upon  Ihe  several  discs,  fresh  air  passee  with  great  vslodty 
against  it«  surfiwa,  and  thus  abstracts  the  heat  so  completely  that  in  a  very  ahort  >pac* 
1^  time  the  mash  acquires  a  temperature  several  dcf^revs  below  that  of  the  annonDdisf 
atmospben. 

It  has  rscentJy  been  the  practJce  to  make  frequent  use  of  lubnlarcoDlers  canstncted 
on  Che  same  principle  aa  Liebig's  condenwr.  An  inclined  tabs,  which,  for  tho  sake  of 
Baring  space,  is  bent  several  times  backwards  and  forwards,  is  snmniaded  thntogbont 
its  entire  length  with  a  second  wider  tube.  The  hot  mash  is  made  to  flow  along  the 
inner  tnbe  in  such  a  way  that  it  riHeH  gradually  in  the  tube  nntil  it  fills  it  and  flows 
out  at  the  upper  end.  Tbrongb  the  outer  tnbe  cold  water  is  pnaeed  in  a  constant 
Ktream,  and  in  a  direction  opposite  Co  the  mash.  The  heat  is  thus  tisnsfemd  from 
the  mash  to  the  water  in  the  outer  tube,  and,  according  to  the  rate  at  which  the  mash 
and  water  are  made  to  flow  through  the  tnlies,  a  proportionate  degi«e  of  cooling  i) 
obtained,  together  with  the  advontago  that  hy  this  means  of  cooling  tho  mash  is  lupt 
out  of  contact  with  atmospheric  air  while  it  is  being  cooled. 

lastly,  there  is  another  kind  of  cooling  apparatus  to  be  mentioned  which  is  flItsJ 
i:i  the  mashing  tun  itaelf.  To  Che  stirring  apparatus  is  altached  a  long  tube  extcnd- 
iog  from  the  upper  part  of  the  mash  tun  to  the  bottom,  then  bending  npwmrds  and 
(lovrnvaids  teTera\  tinea,  and  termiDating  at  tha  ona  end  in  a  pan  and  at  tha  othrr 
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end  oTer  an  open  gutter  outside  the  mash  tun.  When  the  mashing  process  is  finished, 
eold  water  is  run  into  the  pan  so  that  it  flows  along  the  whole  length  of  the  tube  and 
escapes  heated  into  the  gutter  outside.  Since  the  tube,  together  with  the  pan,  is  fixed 
to  the  wheel-work,  it  can  be  kept  in  motion  while  the  water  is  flowing  through  it,  and 
the  cold  water  is  thus  brought  everywhere  into  contact  with  the  hot  mash.  This 
apparatus  has  the  advantage  that  it  does  away  with  the  necessity  for  a  separate  cool- 
ing  vat ;  but,  on  the  other  hand,  it  has  the  disadvantage  that  during  the  time  required 
for  cooling,  the  mashing  tun  cannot  be  used,  and  not  only  has  the  mash  to  be  cooled 
with  water,  but  also  the  entire  apparatus.  On  account  of  the  interruption  thus  caused 
in  the  working,  this  method  of  cooling  the  mash  is  less  suitable  for  large  works  than 
for  small  ones. 

Potato  Spirit. — In  the  German  spirit  industry  the  potato  is  by  far  the  most  im- 
portant raw  material.  In  order  to  make  use  of  the  refuse  as  fodder,  which  is  specially 
useful  for  fat  and  milk  cattle,  and  to  supply  it  to  the  farm  at  the  lowest  pnce,  the 
spirit  manufacture  has  there  become  eicclusively  an  agricultural  business. 

The  potatoes  are  first  purified  in  the  potato  washer  described  under  '  Stabch  '  (p. 
764).  In  order  to  expose  the  starch  to  the  action  of  malt  diastase  in  the  subsequent 
sacdiarification  it  is  necessary  that  the  cells  in  which  it  is  enclosed  should  be  rup- 
tured. By  boiling  the  potatoes,  the  starch  in  the  cells  is  caused  to  swell  imtil  the 
cell  membranes  are  stretched  to  the  maximum  of  their  elasticity.  If  the  cells  in  this 
state  are  subjected  to  pressure,  the  cell  membranes  burst  and  the  starch  is  set  free, 
swollen  and  m  a  condition  specially  favourable  for  the  formation  of  sugar. 

The  boiling  of  the  potatoes  is  carried  out  in  tall  narrow  cylinders,  hermetically 
closed,  with  the  exception  of  an  opening  for  the  escape  of  condensed  water.  When  the 
cylinder  is  filled,  steam  is  admitted  to  the  lower  part,  which  coming  into  contact  with 
the  cold  potatoes,  is  at  first  condensed,  but  gradually  heats  the  entire  mass  until  the 
potatoes  are  sufficiently  cooked.  This  is  ascertained  by  testing  some  of  the  potatoes 
lying  in  the  upper  part  of  the  cylinder  with  an  iron  rod.  The  softened  potatoes  are 
then  allowed  to  fall  through  an  opening  in  the  steaming  cylinder,  and  roll  along  an  in- 
clined surface  and  between  two  heavy  smooth  rotating  iron  rollers,  where  they  are 
crushed,  after  which  they  fall  as  a  mealy  mass  into  the  maKh  tub  placed  beneath  the 
rollers.  This  already  contains  malt,  stirred  up  in  a  little  cold  or  lukewarm  water, 
in  the  proportion  of  1  part  of  the  best  green  malt  to  15  or  16  (>arts  of  potatoes  to 
be  worked,  and  the  mixture  is  kept  in  constant  motion  by  a  stirring  apparatus. 
As  the  potatoes  fall  almost  boiling  into  the  malt  liquor  its  temperature  soon  rises,  and 
this  accelerates  the  process  of  saccharification.  Solution  of  the  starch  is  immediately 
observable :  the  mash  becomes  continually  thinner  through  tlie  setting  free  of  the 
water  of  the  cell  juice,  whilst  the  swollen  starch  is  converted  into  sugar.  When  the 
entire  contents  of  the  steaming  cylinder  have  reached  the  mash  tub,  the  temperature 
of  the  mash  will  be  from  50°  to  60°,  or  t  hat  most  favourable  to  the  formation  of  sugar. 
This  temperature  is  ensured  by  more  or  less  heating  the  water  in  which  the  malt  is 
first  stirred.  In  the  colder  parts  of  the  year  lukewarm  water  is  used,  but  in  hot 
weather  the  coldest  water  possible  is  used.  The  principal  point  to  be  kept  in  view  is 
that  the  temperature  of  the  mnsh  shall  not  rise  above  65°,  because  aboTe  this  the  action 
of  the  diastase  is  affected,  so  that  a  larger  quantity  of  dextrin  isformtKl,  and  above  76^ 
the  diastase  is  destroyed.  Should  the  temperature  of  60^  not  be  reached,  the  stirrer 
ie  set  in  motion  more  rapidly  and  a  little  steam  is  admitted,  by  which  the  proper 
degree  of  heat  is  rapidly  and  certainly  attained. 

During  the  cmsning  of  the  potatoes  the  stirrer  is  kept  continually  in  motion,  so 
as  to  mix  thoroughly  the  whole  of  the  potato  mass  with  the  malt  liquor.  After  all 
the  potatoes  have  come  into  the  mash  tub,  the  stirrer  is  stopped,  the  mash  tub  is  well 
covered  up,  and  the  saccharification  is  allowed  to  go  on  quietly  for  an  hour.  The 
stirrer  is  then  again  set  in  motion,  and  kept  working  vigorously  for  an  hour  or  an  hour 
and  a  half.  This  has  for  its  object  the  thorough  mixture  of  the  entire  contents  of  the 
mash  tub,  and  by  the  bursting  of  any  still  unruptured  cell  meml)ranes  to  set  free  the 
enclosed  starch  and  to  bring  it  into  contact  with  the  diastase.  Ai>out  two  and  a  half 
hours  aft«r  the  introduction  of  the  potatoes  the  mashing  process  may  be  considered 
ended.  A  drop  of  the  mash  liquid,  after  cooling,  should  not  become  blue  when  mixed 
with  solution  of  iodine,  indicating  that  no  more  dis.^olved  starch  remains  undeoom- 
posed.    The  finished  mash  can  then  at  once  be  cooled. 

This  method  of  crushing  the  boiled  potatoes  has  the  disadvantage  that  it  is  not 
possible  to  rupture  all  the  cell  membranes  enclosing  the  starch,  so  that  a  correspond- 
ing quantity  of  starch  is  kept  from  the  action  of  the  diastase.  When  this  is  the  case, 
even  in  the  best  managed  distilleries  the  full  yield  of  alcohol  that  might  be  expected 
from  the  quantity  of  starch  used  can  never  be  obtained. 

This  disadvantage  ap^ars  to  be  completely  overcome  by  a  new  method  introduced 
hj  Hollefreund.    It  consists  in  first  steaming  the  potatoes  under  very  high  pressure, 
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and  then  snddenly,  by  tho  blowing  off  nf  the  f^team  and  the  production  of  a  Tscnnm, 
bringing  them  to  the  mashing  temperature,  when  they  are  crushwl  by  a  stirrer.  The 
apparatus  used  is  a  fixed  strong  sheet-iron  eylinilcr,  through  the  axis  of  which  puMs 
a  revolving  shaft  provided  with  arms.  Above  there  is  a  manhole  which  can  be  her- 
metically closed,  through  which  the  cylinder  can  be  filled  with  potatoes,  and  the 
cylinder  is  connected  with  a  steam  boiler  by  one  pipe,  and  with  a  condenser  and  air 
pnmp  by  another :  there  is  also  a  pipe  for  the  introduction  of  the  malt.  The  temperature 
and  pressure  in  tho  Apparatus  are,  shown  by  a  thermometer  and  a  manometer.  When 
the  cylinder  has  b4*en  filled  with  potatoes  steam  is  admitted,  until  the  pressure  corre- 
sponds t^  a  temperature  of  1 2o°  to  130°.  After  about  forty  minutes  the  tstirrer  is  set 
in  motion,  and  for  about  twenty  minutes  makes  from  44  to  48  revolutions  per  minute. 
The  connection  with  the  steam  boiler  is  then  shut  off,  the  steam  pre$>ent  in  the 
cylinder  is  allowol  to  blow  off,  and  connection  is  made  with  the  condfenser  and  the 
air  pump.  In  tho  vacuum  a  sudden  and  violent  development  of  vapour  takes  place  in 
the  interior  of  each  cell  through  which  the  memliranes  are  burst  open  from  within. 
This  development  of  x-aptjur  causes  a  very  rapid  lowering  of  the  temperature,  so  that 
in  about  twenty  minutes  it  falls  to  the  mashing  temperature  of  65°.  Malt  stirred  up 
in  a  small  quantity  of  water  is  then  admitted,  in  the  proportion  of  175  parts  of  |;reeii 
malt  to  2,500  parts  of  potat/)es,  and  the  stirrer  is  again  set  in  motion,  the  ordinaxy 
atmospheric  pressure  being  restored  by  the  opening  of  an  air  valve.  The  saccharifi- 
cation  pwvoeds  very  rapidly  in  the  completely  disintegrated  potato  mass ;  it  com- 
mences almost  immediately,  as  ean  be  observed  in  the  liquefiiction  of  the  mass,  and  is 
completed  in  about  fifteen  or  twenty  minutes.  The  mash  so  obtained  dififvrs  essen- 
tially from  the  mash  obtained  by  the  ordinary  treatment.  In  the  latter  can  always 
be  seen  a  quantity  of  potato  frafrments  that  have  escaped  the  action  of  the  crushing 
rollers,  and  there  can  be  detected  by  chemical  examination  a  not  inconsiderable  quan- 
tity of  undccomposed  starch.  The  mash  obtained  by  Hollefreund*s  metliod  is,  on  the 
contrary,  perfectly  liomojjfeneous  ;  only  the  husks  of  tho  malt  and  the  broken  potato 
skins  float  about  in  it,  whilst  the  quantity  of  undecomposed  starch  is  reduced  to  a 
minimum.  It  is  therefore  evident  that  from  an  equal  quantity  of  material  a  higher 
yield  of  spirits  is  obtained.  Moreover,  when,  as  in  Qermany,  the  volume  of  the  far- 
mentinir  mash  is  the  object  of  taxation,  the  more  perfect  saccharification  must  result 
in  a  saving  of  duty.  The  only  <li8advantage  presented  by  this  method  is  that  the  cost 
of  the  apparatus  and  the  amount  of  power  required  to  work  it  are  somewhat  higher 
than  for  the  ordinary  method.  But  the  advantage  gained  amply  covers  the  increased 
capital  used. 

The  fermentation  of  potato  mash  is  almost  exclusively  effected  by  artificial  yeast. 
This  is  prepared  by  stooping  in  water  in  special  vessels,  at  a  temperature  of  65°  to 
70°,  a  mixture  of  potatoes  with  2  or  3  per  cent,  of  dried  malt  or  green  malt,  or  a 
mixture  of  the  two,  or  with  an  addition  of  unmalted  grain.  The  mixture  is  usually 
left  tocool  to  the  ferment.ition  temperature,  18°  to  22°,  and  then  prosse<l  yeast  or 
common  beer  yoa««t  is  added.  During  the  cooling  a  considerable  quantity  of  lactic  a«d 
in  produced,  which  in  the  opinion  of  most  diatillcrs  is  of  advantiige,  inasmuch  as  a 
larger  quantity  of  gluten  is  dissolved  from  the  malt,  and  more  material  is  thus  pro- 
vided for  the  formation  of  the  yeast.  If,  however,  the  presence  of  an  acid  l)e  required 
for  this  purpose,  it  cannot  be  obtjiiued  in  a  more  disjidvantageous  manner  than  by  the 
cultivation  of  tho  lactic  ferment  in  a  substance  that  is  to  be  used  for  the  nianu&ctnre 
of  tho  alcoholic  yeast,  a**  the  lactic  ferment  would  l)0  afterwards  added  with  it  to  the 
mash.  It  is  far  preferable  that  the  mixture  should  bo  cooletl  rapidly  by  placing  it  in 
vessels  filled  with  iced  water,  and  tho  necessary  acid  supplied  by  adding  a  small  quan- 
tity of  phosphoric  acid.  Pure  phosphoric,  acid  need  not  be  used,  but  acid  calcium 
phosphat'O.  tho  so-called  superphosphate,  may  1»c  added  in  the  proportion  of  1  to  2  per 
cent,  of  the  yejist  materials. 

Wlirn  this  niixtiire  is  in  full  fcnnontation  it  is  thoroughly  mixed  by  stirring,  and 
tho  greater  part  of  it  is  removed  for  wldin^  to  the  nuish.  The  renniindor,  tlie  mother 
yeast,  is  kept  for  use,  instead  of  yeast,  in  making  the  next  lot. 

The  preparation  of  the  artificial  yoast  has  to  be  so  regulated  that  thf  time  at 
which  it  enters  upon  the  fullest  fermentation  always  corresponds  with.the  time  when 
the  mash  has  finished  coolini?  and  is  ready  to  be  run  into  the  fermenting  vat*. 

Kespecting  tho  preparation  of  artificial  yeast  many  contradictory  opinions  exist, 
almost  every  manufacturer  having  a  special  method.  But  there  is  really  no  mystery 
in  the  preparation  of  artificial  yeast,  and  it  can  be  produced  from  the  most  diverw 
materials,  if  only  tho  condit  ions  that  govern  the  life  of  tho  yeast  plant  be  kept  in  view. 

The  fermentation  begins  almost  imme^liately  after  the  addition  of  the  yeast,  and  a 
light  white  scum  of  bubliles  of  carl^onic  acid  forms  upon  the  surface.  As  it  increase? 
the  potato  skins  andTo^Mae  eontuinod  in  tho  liquid  rise  to  the  top,  and  form  a  ooveriog 
that  is  Eooii  in  actWe  mox«m«w\,.   ^V<^  ^a.^^wvo.  «Aid  collecting  beneath  it  bnnti 
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thioagh,  and  -when  the  fermeiitatioD  in  in  full  operation  the  action  is  so  violent  that 
portions  of  the  mass  are  spirted  upwards  a  distance  of  2  or  3  feet.  At  the  same  time 
the  temperature  of  the  liquid  rises  cousiilerably.  After  a  time  the  fermentation 
slackens  ;  the  carbonic  acid  is  evolved  more  slowly,  and  finally  ceases  to  be  noticeable ; 
the  scum  lies  quietly  above  the  still  slowly  fermenting  liquid,  and  the  temperature 
&ll8.  The  fermentation  is  then  considered  to  be  ended.  The  time  required  for  this 
operation  is  to  some  extent  under  control.  At  a  high  temperature,  and  with  a  large 
quantity  of  yeast,  the  fermentation  c;in  be  C(  inpleted  in  twenty-four  hours  ;  but  there 
is  then  a  danger  that  the  fermentation  may  oecome  so  violent  that  the  whole  of  the 
liquid  froths  up  and  runs  over.  Usually  the  fermentation  is  so  managed  that  it  is 
completed  in  three  days,  being  carried  on  at  a  low  temperature  and  with  the  addition 
of  a  small  quantity  of  good  ferment. 

Immediately  af^er  the  fermentation  is  ended  the  distillation  is  proceeded  with,  in 
order  to  avoid  as  much  as  possible  any  formation  of  acetic  acid. 

Com  Spirit. — The  working  of  grain— l)arley.  rye.  wheat,  oats,  or  mai7/e — is  essen- 
tiallyHimilar  to  that  of  potatoes,  certain  modifications  i)oing  required  to  suit  the  external 
characters  of  the  materials.  In  order  to  expose  the  starch  contained  in  the  grain  it 
requires  to  be  crushed,  but  with  the  exception  of  maize  it  is  not  necessaiy  to  grind  it 
into  fiour.  A  mill  is  therefore  used  which  only  breaks  the  outer  husk  and  crushes 
the  grain.  Maize  must  be  ground  to  a  fine  flour,  because  in  it  the  layers  of  starch 
grains  are  so  compact  that  they  are  not  otherwise  sufficiently  exposed  to  the  action  of 
the  diastase.  The  crushed  grain  is  placed  with  the  malt  in  the  vats,  about  1  part  of 
green  malt  to  6  of  groats,  and  first  mixed  with  a  little  warm  wat«r  by  vigorous  stir- 
ring with  a  mechanical  arrangement.  As  soon  as  the  mass  has  become  uniform  hot 
water  is  admitted,  until  the  temperature  of  the  entire  mixture  reaches  60°  to  66°. 
The  proportion  of  corn  and  water  is  so  regulated  that  there  are  not  more  than  3  or  3^ 
parts  of  water  to  1  part  of  dry  substance,  otherwise  too  great  a  volume  of  liquid  would 
be  produced.  If  the  water  is  not  sufficient  to  bring  the  liquid  to  the  proper  mashing 
temperature,  a  little  steam  is  admitted,  the  heat  of  which  easily  raises  it  to  the  desired 
point.  The  saccharification  proceeds  in  the  same  manner  as  in  the  mashing  of 
potatoes.  In  maize  a  further  preparation  is  requisite  to  render  saccharification  per- 
fect. This  consists  in  boiling  the  meal  vrith  water  before  the  addition  of  the  malt, 
until  the  granules  are  completely  softened.  The  boiling  liquid  is  then  cooled  to  the 
mashing  temperature  of  60°,  in  order  to  prevent  the  dest miction  of  diastase,  and  this 
is  usually  done  by  bringing  the  boiled  mass  into  the  cooling  galley.  The  disinte- 
gration and  working  of  maize  might  be  much  facilitated  by  using  Hollcfreund's  appa- 
mtua.     The  further  treatment  is  essentially  the  same  as  that  of  the  potato  mash. 

The  yield  of  alcohol  froTQ  these  various  materials  is  dependent  upon  the  amount  of 
starch  they  contain ;  but  as  this  vanes,  and  since  the  manner  of  treatment  during  the 
manufacture  has  great  influence,  no  general  rule  with  respect  to  it  can  be  laid  down. 
Pure  starch  yields,  under  the  most  favourable  conditions,  half  its  weight  of  alcohol ; 
but  this  yield  is  never  obtained  in  practice.  It  may  be  assumed  that  on  the  average 
only  about  75  per  cent,  of  the  calculated  amount  of  alcohol  is  obtained.  By  HoUe- 
freund's  method  the  yield  is  better,  and  can  without  difficulty  be  brought  up  to  90  per 
cent.  According  to  Payen,  100  kilos  of  wheat  groat  yield  on  the  average  29  to  30 
litres  of  95  per  cent,  alcohol ;  rye  yields  27  to  28 ;  barley,  oats,  buckwheat^  and  maize 
yield  20  to  25 ;  and  rice  32  to  36  litres.  This  small  yield  from  maize,  in  proportion 
to  the  amount  of  starch  it  contains,  is  doubtless  due  to  very  barlly  conducted  manu- 
£icture. 

In  the  manufacture  of  spirit  from  wheat,  the  grain  is  mixed  with  15  per  cent,  of 
malt  suspended  in  500  parts  of  water,  and  heated  gradually  to  72°.  After  standing 
four  hours  the  wort  is  drawn  off,  and  a  second  infusion  of  water  at  50°  is  made.  The 
two  worts  are  united,  cooled  to  20^,  and  after  they  have  been  mixed  with  one-third  or 
one-fourth  of  the  residue  from  the  previous  distillation,  beer  yeast  is  added.  By  the 
addition  of  this  residue  fermentation  is  facilitated.  A  third  infusion  is  made  from 
the  husks  with  water  at  70°,  and  this  weak  wort  is  used  instead  of  water  in  the  next 
mashing. 

In  England  a  mixture  of  10  parts  of  dry  malt,  80  parts  of  barley  groats,  and  10' 
parts  of  oat  groats  arc  mashed  with  the  water  in  the  mashing  machine  in  such  a  way 
that  the  resulting  wort^  after  fermentation,  shall  contain  10  per  cent,  of  its  volume  of 
68  per  cent  spirit.  The  wort  is  cooled  in  shallow  cooling  troughs,  or  in  tubular 
coolers,  the  pipes  of  which  are  arranged  like  the  boiler  pipes  of  a  locomotive,  and  for  easy 
purification  are  constructed  of  copper.  The  exhausted  husks  or  grains  arc  used 
for  feeding  cattle.  For  the  fermentation  only  clear  wort  is  used.  The  fermentati(/n 
tanks  hold  40,000  gallons,  and  fermentation  lasts  six  or  seven  days.  No  yeast  is 
manufikctored,  as  this  can  be  purchased  more  cheaply  from  the  brewer.    In  the 
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English  breweries  a  considerable  excess  of  yeast  is  prodncod,  and  on  acconnt  of  the 
brown  coloor,  communicated  to  it  by  the  strongly  dried  malt  of  the  porter  bivweiT, 
it  is  not  suitable  for  the  bakei^s  use.  Each  quarter  of  the  above  materials  yields  about 
20  gallons  of  58  per  cent,  spirit. 

In  Belgium  and  in  some  parts  of  North  France  the  mash  is  prepared  in  sheet-iron 
fermentation  or  mash  yats,  provided  with  a  stirring  apparatus  and  a  perforated  fiUse 
bottom.  The  mash  vats  are  two-thirds  filled  with  water  at  80^.  The  grain  worked 
consists  of  33  parts  of  barley  malt  and  67  parts  of  ground  rye.  The  proportions  of 
gprain  and  water  are  so  arrangedj  that  there  are  3  parts  of  water  to  1  of  groats  and 
malt.  After  two  hours'  working,  during  which  it  Wome^  cooled,  the  wort  is  run  off 
by  means  of  a  tap  at  the  bottom  of  the  mash  vat,  and  cold  water  admitted  in  its  place. 
The  whole  is  united  in  the  fermentation  vat,  and  mixed  with  so  much  dear  wash  as 
will  bring  up  the  proportion  of  liquid  to  7  or  8  piirts  to  1  of  grain,  a  little  more  grain 
being  used  in  the  summer  than  in  the  winter.  In  the  summer  the  fermentation  is 
conducted  at  the  lowest  possible  temperature,  and  about  9  lbs.  of  yeast  are  used  to 
600  gallons  of  liquor.  In  Belgium,  on  account  of  the  local  tax,  the  fermentation  lasts 
only  twenty-four  hours.  From  100  parts  of  material,  about  26  or  26  parts  of  95  per 
cent,  spirit  are  obtained. 

Makufacturb  op  Spirit  from  Various  Othrr  Matsriau. — Besides  the  raw 
materials  already  described  as  being  used  in  the  production  of  alcohol,  varioiis  others 
have  been  proposed,  and  some  have  been  utilised. 

Chestnuts  and  Acorns, — These  amylaceous  materials  can  undoubtedly  be  used  in 
the  spirit  manufacture,  where  th(^y  can  be  collected  in  sufficient  quantity  and  at  a  low 
price.  They  only  n^quirc  to  be  steamed  and  crushed,  and  their  starch  can  then  be 
converted  into  sugar  by  malt  or  sulphuric  acid. 

Asphodel. — The  bulb  of  this  liliaceous  plant  is  very  rich  in  sugar,  and  in  the 
South  of  France  and  Algeria,  where  it  grows  wild  abundantly,  it  can  be  used  in  the 
spirit  manufacture.  Its  cultivation,  however,  could  scarcely  be  recommended,  as  the 
bulb  requires  from  thrc^e  tu  five  years  to  grow  to  any  size.  Alcohol  has  been  obtained 
from  the  bulbs  by  rasping  them,  pressing  out  the  juice,  treating  the  residue  inth 
water  and  again  pressing ;  then  inducing  fennentation  in  the  liquor  by  the  addition  of 
yeast;  220  lbs.  of  hvlhs  yielded  14  pints  of  pure  alcohol. 

Jerusalem  Artichoke. — The  tubers  of  the  Jerusalem  artichoke  (Helianthns  ttiberosus) 
contain,  besides  a,  large  quantity  of  sugar,  another  body,  inulin,  closely  allied  to 
sugar  and  easily  converted  into  it.  The  tubers  are  either  raspe<l  like  beet  roots,  or 
steamed  and  crushed  like  potatoes,  saccharised  with  a  small  quantity  of  malt,  and 
then  fermented  like  potato  mash.  The  yield  of  alcohol  amounts  to  4  J  per  cent  of  the 
weight  of  the  tubers.  Tlie  residue  is  ^ood  fodder  for  all  kinds  of  caUle.  As  the  cul- 
tivation of  this  plant  is  extraordinarily  easy,  it  is  worthy  of  more  attention  in  the 
spirit  manufacture  than  it  receives  at  present. 

Carrots  contain  a  small  quantity  of  sugar,  and  might  be  worked  in  a  similar  waj 
to  beet  root,  but  probably  not  remuneratively. 

Suffar  Grass  {Sorghum  sacchamtum). — At  the  time  of  ripening  the  sap  through- 
out the  entire  plant  is  rich  in  sugar:  it  could  be  obtained  by  crushing  and  maceration. 
But  as  in  temperate  climates  it  is  quite  exceptional  for  this  plant  to  ripen,  it  is  of  no 
importance  to  the  spirit  industry,  although  for  several  years  it  has  been  warmly  re- 
commended. 

Thb  Refuse  Waters  of  the  Spirit  Manufacti're. — The  effluent  water  frnm 
the  raw  spirit  factories  where  the  residues  are  utilised,  may  be  considered  as 
harmless ;  the  impurities  from  the  washing  of  the  potatoes  are  easily  collected  in 
settling  pits  ;  further,  the  water  used  in  cleaning  the  fermenting  vats  and  distillatory 
apparatus  contains  po  little  impurity,  that  it  may  be  allowed  to  escape  into  the  next 
watercourse.  But  the  case  is  different  ^nth  the  water  from  the  beet  spirit  factories, 
where  the  wash  is  not  utilised  or  only  partially  so.  Such  water  allowed  to  run  into 
the  streams  or  ditches  would  rapidly  become  putrescent,  and  produce  all  the  evile, 
though  in  a  higher  degr<»e,  described  under  the  sugar  manufacture.  Such  impuntie» 
are  best  separated  by  filtration  through  the  soil,  but  when  land  is  not  available  the 
water  maybe  disinfected  according  to  Suvem's  method,  described  before  (p.  860). 

When  the  spirit  manufacture  is  combined  with  arrangements  for  the  carbonisation 
of  the  residues,  the  gases  issuing  from  the  furnaces  are  no  less  offensive ;  they  fill  the 
air  with  repulsive  smells,  and  give  occasion  to  well-grounded  complaints  from  the 
neighbours.     The  stinking  substances,  products  of  the  dry  distillation,  and  of  the  im- 

Seifect  combustion  of  non-fermentescible  constituents  of  the  molasses,  can  be  partially 
estroyed  by  maintaining  behind  the  carbonising  space  a  brightly  burning  fire, 
through  which  lYve  ga&^a  -^^a^  Wfote  they  escape  into  the  air.  But  this  only  imper- 
fectly accompWaViea  t\io  c&^ccX.,  &VDLt^,\\i\iCVB%Tv<;<sw93\T5  \ci  obtain  a  good  draught  fur 
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ths  oren,  theguesDKniiutriljpua  toorapidl;  thnmgh  the  fire  to  be  burnt  to  carboaie 
•aid,  water,  snd  nitrogen.  Tbe  difficulty  is  urvrcome  in  an  imperfect  «a;  by  aarj- 
iBg  thn  VBpaoTup  through  n  lull  c him uer  into  a  liighra  layr  of  the  Ktmoaphere,  where 
it  becomcD  dilulfil  with  no  nmch  pure  sir  that  its  Bmell  is  leat  obTioos. 

DunuATiOK  nr  Wltra  BBnsDsa. — The  rasiduoB  left  from  the  fermeiilAtion  of 
win*.  eonaiatiDg  of  the  skina.  pulp,  and  ntftUu  of  the  grapeB,  are  «aturat«d  with  wine, 
the  alcohol  in  wblpli  can  l>e  recoiered   by  dixlHlatian.     Kor  this  purpoee  Che   drnple 
iBtuB  NhowD  iu  Hg.  684  ia  uaed.    The  still  (a)  is  summDded  by  Uie  Are  space  ^), 
' '  '    *  ''«  height  nupports  a  perforated  nbeel-copper  blie  bottom  connstiag 


appaiBtu 


bin.  SB4. 
of  two  poitianB.  Tbe  bead  of  the  still  bas  ft  cover  that  can  be  hermetieallycloasd,]:^ 
tile  rsmoTBl  of  which  the  lower  part  of  tbe  still  up  to  the  &lse  bottom  can  be  filled 
with  water,  the  grape  reeidnes  being  plai^  on  tbe  fiilie  botlAin.  Iu  the  head  of  the 
■till  ii  a  pipe  (i>)  connecting  it  with  the  worm  (b).  Tbe  worm  lies  in  tbs  cooling 
tobmI  (f).  vbich  receivea  its  supply  of  cold  water  at  Q.  The  fire  (b)  beats  the  water  id 
tbe  lower  part  of  tbe  etill  to  boiling ;  the  sU^am  passes  througb  the  residue*,  eon- 
verts  the  alcohol  contained  tbereia  into  vapour,  and  carries  it  forward  into  the  worm. 
The  beating  is  continued  until  only  water  paaaaa  oTer,  tbe  charring  of  the  grape  afciiu 
being  prerented  by  the  &la»  bottom.  When  the  distillntioa  is  ended  tbe  still  is 
opened,  tbe  exhausted  residue,  which  can  be  used  for  fodder,  removed,  and  the  still 
freahly  charged.  Of  course  such  an  apparatna  could  be  modi  improved  by  a  little 
modiScation. 

PHODUCTIOH  OF  ALCOHOLIC  BEVERAOEa 

A  variel?  of  alcoholic  liqaors,  prepared  by  fermenting  the  juice  of  grapes  or  otbat 
kinds  of  ^it,  are  in  common  nee  as  beverages  in  most  countries  imder  the  name  of 
wine.  Similar  alcoholic  liquids  known  under  thenameof  beer,  an  prepared  from 
infiuuons  of  malted  grain  and  aometimes  alao  from  honey,  molasses,  and  other  aoe- 
charine  materials.  In  Tartaiy  another  kind  of  alcoholic  liquid  known  as  koumiasis 
pramred  from  mare'ii  milk. 

Wm. — Tbe  art  of  makiDg  vino  baa  been  known  from  the  remotest  time  of  which 
there  ia  any  recoid.  Among  the  early  inhabitant*  of  India,  tbe  Bso  of  wine  by  the 
Brahmins  was  prohibited,  and  only  thoau  not  belonging  to  the  caste  were  permitted 
to  indulge  in  it.  In  Egypt  also  only  the  common  pc<iple  were  allowed  to  dnnk  wine, 
and  tbe  kioge  were  required  to  a1«tun  from  it.  The  oldett  records  of  tbe  Isiaelitee 
show  that  wine  was  knoirn  tA  them,  but  the  priests  wera  not  allowed  to  drink 
wine  upon  the  days  when  tbey  bad  religioua  duties  Ii3  perform.  Wine  was  also  known 
U>  the  ancient  Qreeka,  and  it  figures  prominently  even  in  their  mytbologv.  The 
Greeks  further  commnnicatsd  a  tnawledge  of  the  use  of  wine  to  tbe  Romans, 
nmongit  whom  women  and  diildren  were  by  law  prubibitAd  from  drinking  wine, 
though,  in  spite  of  this  rsitriction,  tbe  consumption  of  wine  by  all  claasua  of  Komons 
became  very  oonsidsmble  at  a  later  period.  It  wan  frna  the  Romaaa  that  tbs  Qitnbt 
and  Oermana  learnt  the  art  of  making  wine. 
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The  original  habitat  of  the  vine  is  snid  to  be  the  conn  try  on  the  shores  of  the 
Black  Sea  and  Caspian  Sea,  where  at  tho  present  time  entire  forests  are  oveii^rovB 
by  gigantic  vines. 

It  is  remarkable  that,  on  tho  discovery  of  America,  the  vine  was  found  to  be 
flourishing  there.  More  recently  Eoropean  varieties  have  been  imputed  into  that 
continent. 

Constituents  of  Wine. — As  regards  composition,  wine  is  to  be  regarded  as  more  or 
less  diluted  alcohol,  which  also  contains  a  number  of  other  substances  that  com- 
municate to  it  specific  characters.  Sweet  wine  contains  sugar  that  has  not  undeigooe 
fermentation,  and  it  is  principtiUy  those  kinds  of  wine  that  are  made  from  highly 
saccharine  must  which  contain  sugar.  In  must  of  that  nature,  the  whole  of  the  sugar 
does  not  undergo  conversion  into  alcohol,  l>ec-auso  fermentation  is  stopped  as  soon  as 
a  certain  amount  of  alcohol  has  been  formed.  The  sweetness  of  wine  may  sometimes 
be  due  to  the  presence  of  a  hirge  amount  of  glycerin.  Sour  wine  contains  a  laigs 
amount  of  free  acid,  but  the  sour  taste  of  wine  is  influenced  by  other  circnmstanoss 
besides  the  amount  of  free  acids  it  contains.  A  wine  containing  comparativelr 
little  acid  may  taste  more  sour  than  another  kind  of  wine  containing  more  aod, 
provided  it  also  contains  a  large  amount  of  alcohol  or  glycerin,  both  of  which  mask 
the  sour  taste. 

The  strength  of  wine  depends  upon  and  is  proportionate  to  the  amount  of  alcohol 
it  contains.  Some  wine  contains,  in  addition  to  a  laiigo  amount  of  alcohol,  considerable 
proportions  of  the  homologues  of  alcohol,  viz.,  propyl  alcohol,  butyl  alcohol,  amyl 
alcohol,  and  the  corresponding  aldehydes.  According  to  Maumen^,  the  average  com- 
position  of  wine  may  be  represented  as  follows :  — 

Water from  80*  1  to  90*0 

Alcohol 

Alcohol  homologues 

Ethers 

Ethereal  oil 

Grape  sugar 

Glycerin 

Some  of  these  substanoos  were  contained  in  the  must,  but  others,  such  as  the 
alcohol  and  its  homologues.  ns  well  as  the  ethers  and  aldehvdes,  glycerin,  succinic  acid, 
lactic  acid,  acetic  acid,  and  carbonic  acid,  arc  products  resulting  from  the  fermentatioD. 
Lately  an  alkaloid  has  been  detected  in  wine,  as  well  as  trimothylamine. 

The  proportion  of  solid  residue  left  on  evaporating  wine  to  dryness  at  a  steam  heat 
varies  very  much  according  to  the  kind  of  wino  ;  it  may  amount  to  only  1  per  cent. 
or  be  as  much  as  20  per  cent.  Generally  it  ranges  from  3  to  5  per  cent.,  and  it  is 
only  in  the  sweet  wines  which  contain  sugjir  that  the  extract  amounts  to  more  than 
5  per  cent. 

The  amount  of  alcohol  in  wine  dr^pends  upon  the  proportion  of  sugar  in  the  must 
before  fermentation,  and  it  vari<-8  consiilerably,  as  will  be  seen  from  the  following 
table,  which  gives  the  averag«^  ilooholic  contents  of  different  kinds  of  wine  : — 

Port from  18  to  20    per  cent. 

Madeira ,.     18  ,,  19      „ 

Teneriffe 

(ireek  .... 

Malagsi 

Lachryma  Chi*i*'t  i 

Tokay 

Lu»*^l „  -^  „   .^  „  „ 

Califomian ,,  10  „  14  „  „ 

Bordeaux „  9  „  12  „  „ 

Burgundy 9  „  11  „  „ 

Hungarian „  9  „  10  „  „ 

In  Spain.  Pori  ugal,  and  France  it  is  often  customary  to  add  some  alcohol  to  wine, 
and  in  this  case  the  whole  of  the  alcohol  in  the  wine  of  these  countries  does  not  origi- 
nate  from  the  sugar  of  the  must. 

The  smell  of  wine,  or,  as  it  is  termed,  the  bouquet,  is  due  to  a  large  number  of 
substances  that  are  present  only  in  very  minute  proportions.  At  one  time  it  wii 
supposed  that  the  odour  of  wine  was  due  almost  entirely  to  a  substance  called  consD- 
Ihic  ether,  but  it  has  since  been  ascertained  that  there  are  in  wine  several  ethezt 
besides  that>  as  well  as  other  compounds  which  contribute  to  the  smell  and  modify  it 
iu  different  wines,  viz.,  a  great  number  of  ethers  of  the  fat  acids,  as  ethylic  aoetatey 
ft  hylic  pTop\on&U,  etiltvjVve  \s>i\.^\sA«,ca9rylic,  opuanthylic,  capric,  and  capooic  ethen; 
amyl  and  capr^Mc  acfiXAX^^  ^tq.y>jV\'5  VmV^jt^Vj^,  ^m^\vi.  Werianate,  amylic 
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ethjlic  tartrate,  and  amylie  tartrate ;  alsoamylic,  propylio,  and  butylic  alcohols,  with  a 
Bmall  quantity  of  aldehyd  and  ucetal,  and  probably  some  oleates,  originating  from 
the  fatty  oil  of  the  gape  kernels,  contribute  to  the  wine  bouquet. 

The  formation  of  these  cthertJ  is  due  to  the  action  of  the  wine  acids  on  the  alcohols, 
as  shown  in  the  following  equation,  taking,  by  way  of  example,  the  production  of 
ethylic  acetate  by  the  action  of  acetic  acid  and  alcohol : 

The  bouquet  is  produced  partly  during  the  fermentation  and  partly  after,  as  well 
00  during  the  storage,  ^ero  is  no  fixed  rule.  Some  wines  acquire  the  chief  bouquet 
after  the  completion  of  the  fermen  ation  and  lose  it  by  longer  storing,  whilst  other 
kinds  of  wine  obtain  the  niaximumt  bouquet  in  the  latter  stage.  The  alcohol  is  pro- 
duced by  fermentation,  and  aldehyd  is  an  intermediate  product  of  the  transition  of 
alcohol  into  acetic  acid,  n-ith  possibly  some  ucetal. 

The  acids  and  acid  salts,  if  not  present  in  too  large  a  quantity,  improve  the  taste 
of  wine.  These  are  chiefly  tartaric  acid  and  acid  tartrate  of  potash  (tartar),  acetic 
acid,  and  in  Italian  wines  also  racemic  acid,  and  in  red  wines,  tannic  acid.  Citric 
acid  and  malic  acid  exist  in  wine  in  small  quantities,  together  with  succinic,  and 
under  some  circumstances,  lactic  acid. 

The  total  acidity,  whether  as  free  acids  or  as  acid  saltM,  varies  between  0'2  and 
.0*8  per  cent.,  calculating  as  free  tartaric  acid.   Nevertheless,  the  taste  of  wine  depends 
less  upon  the  absolute  quantity  of  add  present  than  upon  the  proportion  the  acid 
bears  to  the  alcohol. 

The  amount  of  carbonic  acid  diminishes  during  the  storing  by  diffusion  through 
the  pores  of  the  casks,  and  becomes  replaced  by  atmospheric  air,  of  which  the  nitrogen 
only  is  dissolved,  while  the  oxygen  forms  oxidation  products. 

New  wine  contains  more  thau  its  own  yolumo  of  carbonic  acid,  but  this  quantity 
decreases  during  the  storage  to  (me-fourth,  and  even  less. 

The  colouring  material  of  white  wine  existing  only  in  small  amount  is  but  little 
known,  but  probably  it  is  extracted  partly  from  the  grapes  and  partly  from  the  wood 
of  the  casks. 

The  colouring  matter  of  red  wine,  oenocyanin,  is  of  a  bluish-black  colour,  insoluble 
in  water  and  in  pure  alcohol,  but  soluble  in  water  containing  a  small  quantity  of 
tsrtanc  acid.  It  is  to  be  prcHumed  therefore  that  the  wine  colour  is  dissolved  by  the 
alcohol  and  free  acid,  during  the  fermentation  of  the  must  with  the  husks.  The 
colour  is  turned  blue  by  alkalies,  and  is  reddened  by  acids. 

Bdttger*s  test  to  distin^ish  the  genuine  red  from  the  spurious  colouring  matter, 
which  may  be  due  to  elderberries  and  alum  water,  or  to  mallow,  bilberries,  etc.,  is 
to  dip  a  well-washed  and  white  nponge  into  dilute  hydrochloric  acid,  then  into  water, 
finally  immersing  it  for  some  minutes  in  the  suspected  wine;  the  sponge  is  then  washed 
with  spring  water,  and  if  a  spurious  colouring  matter  has  been  employed,  the  sponge 
presents  a  bluish  grey  colour,  whilst  in  the  case  of  a  natural  wine  it  is  hardly  tinged. 
In  course  of  time  the  colouring  matter  of  red  wine  forms  with  the  tannic  acid  a 
compound  which  is  precipitated  on  the  sides  of  the  bottles,  thus  gradually  discolour- 
ing the  wine. 

Glycerin  occurs  in  wine  to  the  extent  of  3  per  cent.,  although  generally  under 
1  per  cent. ;  by  long  storage  the  quantity  gradually  decreases,  so  that  hardly  any  is 
to  be  found  in  old  wines. 

The  gum,  or  osnan  thi  n,  found  in  many  kinds  of  wine,  and  supposed  to  be  produced 
from  Hu^ar,  gives  the  wine  a  thick  consistency,  but  it  is  injurious  if  present  in  large 
quantity. 

The  ash  of  wine  amounts  to  0*2  or  0*3  per  cent,  by  weight,  and  for  the  most  part 
has  the  same  composition  as  the  ash  of  the  must,  with  the  exception  that  there  are 
loss  carbonates,  and  that  is  accounted  for  by  the  separation  during  fermentation  of 
tartar,  which  on  ignition  gives  carbonate  of  potash.  The  constituents  are  chiefly 
potash  and  phof^phoric  acid ;  soda,  lime,  magnesia,  ferric  oxide,  manganic  oxide, 
carbonic  acid,  sulphuric  acid  and  chlorine  are  also  present. 

The  acid  potassium  tartrate  that  separates  gradually  in  the  crude  tartar  as  the 
alcohol  is  formed,  varies  considerably  in  quantity.  According  to  Faur6  white 
Bordeaux  contains  between  01  and  0*16  per  cent.,  and  red  Bordeaux  between  0*06 
and  0*2  per  cent.  The  crude  tartar  also  contains  a  small  quantity  of  calcium  tartrate. 
J%e  Orape  emd  its  Canstituenis, — ^A  bunch  of  grapes  consists  of  two  parts,  the 
ftalk  and  ^e  berry.  The  former  consists  chiefly  of  ligneous  tia^oie,  but  contains 
among  other  substaaces  a  considerable  amount  of  tannin,  which  passes  into  the  must 
when  the  grapes  are  preiaed  with  the  stalks.    In  that  case  other  constituents  also 
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pass  into  the  must  besides  tannin,  such  as  acid  salts,  etc.,  and  on  this  aeeoost,  ia 
making  the  finer  kinds  of  wine,  the  stalks  are  separated  from  the  grapes  befors  these 

are  pressed. 

The  grape  consists  of  skin,  juice,  and  kernel.  The  skin  consists  of  a  fine  mem- 
brane formed  of  thick  cellular  tissue,  and  containing  also  some  nitrogenous  snbrtsneet 
and  silica.  Immediately  under  the  epidermis  layer  of  the  skin,  there  is  a  Tiseolsr 
tissue,  which  contains  the  colour  substances,  as  well  as  tannin,  nitn^nons  snbstaneei^ 
some  ethereal  oil  and  salts.  The  juice  is  hermetically  enclosed  in  the  skin,  and  is  dis- 
tributed between  the  cells  and  vesiiels.  As  regards  composition  it  is  to  be  eoosidosd 
as  essentially  a  solution  of  grape  sugar  and  fruit  sngar  in  water.  Besides  than 
constituents  it  contains  albuminous  substances,  pectin,  colour  substaoeei,  oigitiiie 
acids  and  salts  ;  see  p.  930.  The  juice  amuunts  to  about  94  or  97  per  cent  of  the 
total  weight  of  the  grape.  The  kemdls  contain  cellulose,  incrusting  substance,  £ittj 
oil  (about  12  per  cent),  ethereal  oil,  tannin,  nitrogenous  substances,  anil  ash. 

There  are  upwards  of  a  thousand  different  yarieties  of  vines,  eorrespooding  to 
which  there  are  as  many  different  kinds  of  grapes.  The  most  important  are  the  ful* 
lowing:  — 

1.  Orleans;  yellow  berries  which  are  highly  saccharine.  This  variety  is  nowlon 
cultiyatKl  than  formerly,  aw  it  yields  a  wine  too  poor  in  bouquet. 

2.  Riessling.  The  bunches  are  small  and  compact ;  the  single  berries  are  alsosmsU, 
and  of  a  fine  groenish-yellow  colour,  yielding  a  strong  wine  of  a  fine  bouquet :  this 
grape  is  uHed  to  produce  tho  best  Rhine  and  Moselle  wine,  e^,  Johannisbeig,  Bodes- 
beim,  and  Braunel>erg. 

3.  Traminer ;  small  fleshy  l>erries  of  red  colour,  yielding  a  veiy  strong  wine,  such 
as  those  known  in  Germany  by  the  names  of  Forster,  Wachenheimer,  St.  Johann,  etc 

4.  Red  Cleve  or  Riilandcr ;  the  berries  are  red  and  ripen  early. 

5.  Blue  Clove  is  grown  in  Burgundy  and  in  the  neighbourhood  of  Bordeaux,  slso 
in  the  Aar  valley  and  on  the  Rhine. 

6.  Sibling ;  greenish-yellow  berries,  which  do  not  yield  a  very  stroiig  wine.  This 
kind  of  grape  is  very  largely  grown. 

7.  Gutedel  comes  from  Spain ;  the  berries  are  of  a  deep  yellow  colour,  vaiy  tius- 
lucent,  and  have  very  sweet  juice. 

The  following  kinds  of  grape  are  the  most  important  as  a  source  of  wine :  of  the 
white  kind  of  grapes,  Sylvan  or  Austrian;  Veltlin,  Muacatel  (Spain);  Ortlieb 
(Alsace);  of  the  blue  or  black  kind.  Sylvan  (Austria);  Tokay,  Klopf  (Phlatinste); 
Oansfuss  (Italy^;  Trolling  (Itiily) ;  Malvoisie  (Italy) ;  and  black  Traminer,  £lblin§ 
Afibnthal,  Tiirkheim,  etc. 

Preparation  of  the  Afust. — The  expressed  juice  of  the  grape  is  commonly  knovi 
by  this  name,  and  it  yields  wine  after  having  undergone  fermentation.  Its  pnpars- 
tion  involves  two  operatious:  — First,  the  gathering  of  the  grape,  and  secondly,  tbe 
expressing  uf  the  juice.  The  maximum  quantity  of  sugar  is  found  in  the  gnpes 
which  are  tlie  most  ripo,  and  the  ripening  dopends  on  the  kind  of  grape,  on  tha 
general  climatic  condition  of  tlie  locality  where  it  grows,  as  well  as  on  the  sesion. 
There  are  various  kinds  of  grnf>o8  that  ripen  under  equal  climatic  conditions  at  diffe- 
rent times,  and  one  and  the  same  kind  ripens  earlier  in  warm  and  sunny  places  thtn 
in  those  which  are  less  favoured.  It  is  therefore  impossible  to  have  a  deihiite  period 
of  the  year  for  the  gnipo  gathering,  and  it  is  quite  an  irrational  procedure  to  art 
apiirt  a  certain  day  in  eooii  year,  as  is  customary  in  some  parts  of  Austria,  for  tbe 
purpose  of  tho  grape  gathering.  In  France  it  generally  takes  place  in  the  flrrt  half 
of  the  month  of  October. 

The  grapes  are  cut  very  carefully  with  pruning  knives  or  with  shears,  and  in  nrii 
a  manner  that  not  a  single  grape  is  spoilt  by  handling ;  then  the  bunches  are  ph^ed 
in  tubs  and  carried  to  the  preKs-room.  Here,  if  destined  for  making  fine  wine,  thej 
are  sorted— the  rotten  and  unripe  grapes  being  separated  for  making  poorer  wine. 

In  many  places  the  sorting  is  carried  out  (luring  the  process  of  gathering  the 
grapes.  The  ripe  grapes  are  first  plucked,  and  the  unripe  grapes  are  left  on  tlie 
vines  in  order  to  ripen,  and  are  then  plucked  in  the  same  way.  The  grates  first 
gathered  make  the  Itest  wine.  For  the  ordinary  kinds  of  Mrine  the  grapes  are  pressed 
as  gathereil  from  the  vines,  but  for  fine  wines  it  is  necessaiy  to  separate  the  stalls 
before  the  ]>res8i ng  or  treading  operation  to  prevent  tho  excessive  contamination  of 
the  mu8t  with  tannic  acid.  Tho  grapes  arc  generally  separated  from  the  stalks  by  hAmi 
labour,  although  machines  have  been  constructed  for  the  purpose.  In  the  fonner 
method  tho  grapes  are  plucked  either  bv  the  hand  or  by  a  three-pronged  fbik.  <r 
rubbed  over  a  wooden  or  iron  grating,  which  only  allows  the  grapes  to  pass.  Tbt 
machines  are  constructed  to  emulate  the  hand  process,  and  consists  either  of  a  sie<* 
on  which  the  bunches  of  grapes  are  stirred  round  by  an  agitatory  moTement,  fo  thit 
the  grapes  fall  through,  or  of  forks  by  which  the  grapes  are  stripped  off. 
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The  aqneeziiig  or  braising  of  the  grapes  has  the  object  of  breaking  up  the  skins 
BO  that  the  juice  may  flow  out.    It  can  be  performed  by  hand  Ubour  or  by  machinery. 

Where  it  is  customary  not  to  separate  the  stalks  from  the  grapes,  the  crushing 
is  performed  in  large  wooden  rats,  either  by  the  naked  feet,  or  by  wooden  pestles. 
Sometimes  the  vats  are  provided  with  false  bottoms  perforated  to  allow  the  juice  to 
flow  through,  so  that  it  can  be  drawn  off,  or  the  crushing  vats  themselves  have  perforated 
bottoms  through  whieh  the  expressed  juice  can  flow  into  receivers. 

The  grape-crusher  has  latterly  been  employed  with  advantage,  instead  of  the 
feet  and  hand  processes ;  it  generally  consists  of  two  smooth  wooden  or  iron  rollers 
revolving  in  opposite  directions,  on  which  the  grapes  fall  through  a  wooden  cropper. 
The  rollers,  instead  of  being  smooth,  may  be  fluted. 

Generally  the  bruised  grapes  are  at  once  pressed,  but  sometimes  the  entire  mass 
is  allowed  to  stand  for  some  days  to  acquire  bouquet. 

It  is  necessary  to  deviate  from  the  usual  procedure  in  order  to  prepare  red  wine. 
The  blue  or  red  grapes  can  be  pressed  at  once  after  the  gathering  or  bruising  process ; 
so  can  the  white  grapes  when  only  a  white  wine  is  required,  as  the  colouring  matter 
is  insoluble  in  water ;  but  for  red  wine  the  grapes  must  stand  in  a  loosely  covered  vat 
or  tub  for  two  to  three  days,  or  longer,  up  to  £hree  weeks  and  more,  before  being  pressed. 
The  alcohol  meanwhile  developed,  together  with  the  tartaric  acid  present,  dissolve 
the  colouring  matter,  which  gives  the  red  colour  to  the  wine.  At  tne  same  time,  if 
the  stalks  have  not  been  separated,  a  considerable  quantity  of  tannic  acid  is  dissolved 
from  the  skins  and  stalks.  The  wine  thus  acquires  a  harsh  taste,  but  it  keeps  better, 
since  the  tannic  acid  also  precipitates  a  part  of  the  ferment 

As  soon  as  the  juice  ferments,  the  skin  and  stalks  are  carried  by  the  evolution  of 
gas  to  the  sur&ce  and  form  what  is  termed  the  head.  Acetic  acid  is  liable  to  be 
formed  at  this  stage,  and  for  this  reason  the  long  exposure  to  air  in  this  state  must 
be  prevented  as  much  as  possible,  either  by  frequently  stirring  up  the  mass,  or  by 
placing  a  grating  on  the  surface,  which  will  serve  to  keep  down  the  head  from  the 
air. 

The  pressing  is  carried  out  by  means  of  a  lever  press  or  screw  press,  employed  either 
on  the  bruised  grapes,  or  on  the  skins  after  the  juice  has  drained  out.  The  lever  press  is 
worked  by  means  of  a  heavy  wooden  lever  of  about  30  to  50  feet  in  lengUi,  acting 
by  ita  own  weight,  or  loaded  with  a  movable  cradle  filled  with  stones.  The  screw 
press  is  of  a  construction  similar  to  a  bookbinder's  press.  The  pressing-plate  has  a 
raised  edge  to  m^e  the  expressed  must  flow  off  at  one  point.  Latterly,  the  press 
plates  have  been  made  of  iron,  having  the  advantage  over  wooden  plates  in  not  absorb- 
uig  the  juice,  and  in  bein^  more  easily  cleansed.  The  press  of  Orthlieb  differs  from 
the  last  described  in  having  an  iron  cylinder  instead  of  a  flat  plate,  to  contain  Uie 
mass  to  be  pressed. 

Wenigei^s  press  consists  of  a  cylindrical  vessel  made  of  oak  laths  bound  by 
strong  hoops.  A  wooden  piston  is  set  in  motion  by  a  crank  working  at  the  top, 
whilst  a  similar  piston  is  worked  from  below.  The  expressed  juice  flowing  throng 
the  laths  is  collected  in  a  trough  pliused  round  the  lath  cylinders.  This  press  has  &e 
advantage  over  the  last  one  described  that  the  grapes  are  pressed  equally  top  and 
bottom,  whilst  by  the  one-sided  pressure  in  the  of£er  case,  and  in  consequence  of  the 
elasticity  of  the  grape  husks,  the  upper  portion  is  more  strongly  pressed  than  the 
lower.  Hydraulic  presses  have  also  been  recommended,  and  there  is  no  reason  why 
they  should  not  do  good  service  where  wine  is  extensively  made,  but  it  is  necessary 
to  guard  against  exerting  too  heavy  a  pressure,  or  other  juices  besides  the  true  must 
will  be  expressed.  Centrifugal  machines  have  been  latterly  proposed  instead  of 
presses.  Balard  and  Alcan  obtained  the  following  results  from  the  same  kind  of 
grapes  by  the  centrifugal  process  (with  a  previous  pressure  between  two  fluted  rollers) 
and  by  simple  pressing : 

100  kilograms  gave : — 

By  the  OentrlfngAl  Prooan.       By  Tn&dng. 

Must 79*141  kilograms  77*068 

Skins,  etc 20-214         „  18*601 

Loss 0-646         „  4*331 

A  better  yield  is  obtained  by  the  centrifugal  process,  and  it  must  also  be  taken 
into  account  that  the  necessary  labour  is  a  little  less.  This  method  has  not  at  present 
found  extensive  use. 

At  different  stages  the  must  varies  in  quality.  The  first  runnings  obtained  by 
bruising  and  by  slight  pressure  from  the  ripest  grapes  is  the  sweetest.  Stronger 
pressing  yields  a  juice  richer  in  the  vegetable  acids,  and  is  therefore  often  separated 
m>m  the  first.  By  mixing  the  expressed  skins  with  water,  and  then  pressing  the 
mass,  a  Airther  quantity  of  must  is  obtained,  forming  by  fermentation  a  thin  wine. 

Tha  grape  skins  ranaining  alter  the  extraction  of  the  juice  have  been  used  for 
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varioQB  purposes.  According  to  Petiot  there  is  obtainable,  by  vujdng  them  with 
sugar  and  water,  then  fermenting  and  preRsing,  a  drinkable  wine  having  a  sufficieiit 
boaquet  given  to  it  by  the  skins  and  stones.  The  skins  are  also  worked  np  for  brandy, 
vinegar,  and  for  potash ;  farther  they  can  be  nsed  as  manure,  for  cattle  provender, 
making  verdigris,  for  gasmaking  and  for  Frankfort  black.  Qgen  obtaini  bj  hit  pto- 
cess  of  dry  distillation  an  illuminating  gas,  and  a  fine  black  residue  of  carbon. 

ConstUuenta  of  the  Must. — The  expressed  grape  juice  consists  essentially  of  an 
aqueous  solution  of  ^pe  sugar  and  fruit  sugar,  ft  contains  also  a  great  nmnber  of 
other  substances  which  exist  in  relatively  small  quantity :  for  example,  albuminoids, 
pectin,  pectose,  mucilage,  or^nie  acids,  especially  tartaric  add*  together 
with  some  malic,  tannic,  and  citnc  acids  ;  a  varying  quantity  of  oolouriqg  material, 
fatty  oils,  and  the  ash  constituents  consisting  of  potash,  soda,  lime,  magnesia,  alumina, 
iron  oxide,  and  manganese  oxide.  The  bases  are  partly  combined  with  the  vegetaUe 
acids,  and  partly  with  chlorine,  sulphuric  acid,  phosphoric  acid,  and  silica. 

Fresenius  and  Schliefer  give  the  following  analyses  of  must: — 


Grape  and  fhiit  sugar 

Free  acid 

Albuminoids       .... 
Soluble    pectin,    mucous,     and> 
colouring  matter                      .\ 
Fatty  substance  and  organic  acids 
Ash 


Klein- 
berger 


10*590 
0-820 
0*622 


0*220 
0*877 


White 

Anitrian 

wine 


13780 
1*020 
0-832 


0*498 
0*360 


BioMUoff 


15*14 
0*56 

3-46 


Bed 

manhKoaer 


17*28 
0-75 


19-24 
0-66 

3-96 


The  amount  of  sugar  varies  between  8  and  30  per  cent.  The  ash  has  a  very 
variable  composition ;  it  contains  from  1 7  to  30  per  cent,  of  potash,  and  in  sobm 
cases  as  much  as  70  per  cent.,  3  to  17  per  cent,  of  phosphoric  acid,  a  oonsiderabb 
quantity  of  lime  (1  to  5  per  cent.),  j^  to  5  per  cent,  of  magnesia,  1  to  6  per  cent,  sol- 
phuric  acid  and  carbonates.  The  sugar  is  estimated  by  tibe  specific  gravity  method, 
which  will  be  fully  described  in  a  succeeding  section. 

Fomentation  of  the  Must. — This  is  caused  by  the  same  kind  of  ferment  whidi 
serves  to  ferment  beer  wort,  and  the  resulting  products  are  much  the  same  in 
character.  The  action  of  the  ferment  on  the  sugar  of  the  must  is  to  convert  it  into 
dlcohol  and  carbonic  acid,  with  the  formation  of  some  glycerin  and  succinic  add.  A 
portion  of  the  sugar  is  consumed  in  tho  production  of  the  yeast  cells. 

The  constituents  to  which  the  bouquet  of  wine  is  duo,  espedally  the  ethers,  are 
not  direct  products  of  the  fermentation,  but  are  formed  partly  during  and  partly  after 
the  fermentation. 

The  fermentation  of  wine  appears  to  take  place  in  three  stages  ;  the  first  or  chief 
fermentation,  the  after  fermentation,  and  the  vat  fermentation. 

When  the  grapes  are  pressed,  ii  sufficient  number  of  the  ferment  germs  to  cause  fer- 
mentation pass  into  the  must,  but  their  development  depends  on  the  must  containing  the 
nutriment,  such  as  albuminoids,  sugar,  potash  salts,  and  phosphates,  neoeesary  for  the 
growth  of  the  yeast  fungus.  The  wine  ferment  is  in  every  respect  the  same  as  beer 
yeast,  which  would  ferment  the  must  equally  well. 

Wine  fermentation  takes  place  in  two  ways,  the  superficial  fermentation  and  the 
sedimentary  fermentation,  but  the  same  care  is  not  taxen  to  ensure  this  as  in  beer 
fermentation.  The  first  process  occurs  at  a  temperature  of  from  15°  to  20°,  and  it 
serves  chiefly  for  the  production  of  the  highly  alcoholic  wines  of  the  south  of  France, 
Spain,  Italy,  Austria,  and  Hungary.  These  wines,  however,  have  the  disadvantage  of 
being  poor  in  bouquet ;  but  by  fermenting  more  slowly,  and  at  a  temperature  of  5°  to 
15°,  wine  is  produced,  which,  although  poor  in  alcohol,  is  richer  in  bouquet  The 
sedimentary  fermentation  is  practised  chiefiy  in  Germany,  and  especially  in  the  Bhine 
provinces ;  but  even  in  these  places,  at  least  to  some  extent,  the  must  is  subjected  to  the 
superficial  fermentation,  which  very  easily  happens  when  the  preliminary  operations 
takeplace  in  hot  weather,  and  the  must  has  a  proportionally  high  temperature. 

The  after  fbrmentation  is,  imder  all  circumstances,  a  very  slow  sedimentary  fer- 
mentation, in  consequence  of  the  low  temperature  and  the  small  amount  of  sugar 
remaining  to  be  split  up  into  alcohol  and  carbonic  acid,  with  the  formation  of  a  little 
glycerin  and  succinic  acid.  The  best  temperature  lies  between  5°  and  10°,  bat  it 
must  be  low  enough  to  extend  the  fermentation  over  a  period  of  three  months.  In 
many  places  \l  \a  oAlowed  to  occupy  five  to  six  months.    Besides  the  formeatataon 
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proper,  a  seriee  of  other  chemical  changes  occurs  at  this  stage,  and  by  the  combination 
of  acetic  acid  and  its  homologues,  propionic  and  cenanthic  acids,  or  lactic  and  succinic 
adds,  witb  ethylic  and  amyUc  alcohol,  the  ethers  which  give  the  bouquet  to  the  wine 
are  formed. 

Experiments  which  hare  been  made  recently  tend  to  show  that  after  thefermenta* 
tion  is  quite  oyer  the  wine  hardly  contains  any  sugar,  and  that  the  sweet  taste  of  the 
wine  is  due  to  glycerin  (amounting  to  3  per  cent.^ 

The  ethers  and  the  bouquet  increase  during  the  store  fermentation,  but  as  sugar  is 
now  absent  no  fermentation  proper  takes  pla^ ;  the  wine  becomes  stronger,  that  is, 
richer  in  alcohol,  which  arises  from  water  being  diffused  through  the  pores  of  the 
wooden  yat  and  evaporating  from  its  suHiice  whilst  the  alcohol  is  unaffected. 

It  is  a  common  opinion  that  in  spring  wine  undergoes  a  renewed  fermentation. 
This  is  erroneous.  The  escape  of  wine  from  the  bung-holes  of  the  cask  in  spring 
time  is  more  probably  due  to  the  expansion  of  the  wine  in  the  casks.  The  gases 
which  have  been  absorbed  in  great  quantity  by  the  cold  wine  in  winter  also  escape  as 
the  temperature  rises,  and  it  is  this  fi&ct  which  has  given  rise  to  the  supposition  that 
a  Airther  fermentation  takes  place. 

In  stored  wine  there  is  a  gradual  loss  of  carbonic  acid,  but  not  to  such  an  extent 
as  might  be  expected  when  it  is  considered  that,  even  in  a  well-bunged  vat,  there  is  a 
continual  diffusion  of  the  carbonic  acid  and  the  external  air  through  the  pores  of  the 
cask.  Wine  can  be  stored  up  for  ten  years  without  losing  more  than  one  half  to  a 
third  of  its  carbonic  acid.  This  is  due  to  the  solubility  of  carbonic  acid  in  alcohol 
and  in  alcoholic  liquids. 

It  is  still  a  doubtful  question  whether  air  should  have  access  to  wine  during  fer- 
mentation. It  is  certain  that  the  chief  fermentation  proceeds  more  quickly  if  air  has  been 
driven  through  the  must  at  the  conmieneement.  Various  kindis  of  apparatus  have 
been  constructed  for  the  purpose  of  aerating  the  must.  In  some  cases,  a  centrifugal 
machine  is  used,  or  air  is  forced  in  by  a  beUows  provided  with  a  rose  nozzle.  Wme 
so  aerated  will  keep  better,  because  the  oxygen  of  the  air  oxidises  and  precipitates  the 
nitrogenous  compounds  which  are  easily  decomposed  in  this  way.  It  is  very  important, 
however,  in  this  manner  of  operating  to  keep  the  temperature  very  low,  otherwise  a 
considerable  quantity  of  the  bouquet  will  be  carried  away.  As  the  ethereal  oils  are  only 
formed  and  retained  when  the  action  of  the  atmospheric  oxygen  is  exerted  it  is  necessary 
to  determine  by  eneriment  whether  the  bouquet  is  being  increased  or  lessened  by  the 
OQBtinued  action  or  the  air. 

It  has  been  also  proposed  to  let  the  after  fermentation  proceed  at  a  low  temperature 
in  open  vessels,  somewhat  similarly  to  the  plan  carried  out  during  the  fermentation  of 
beer  wort.  The  wine,  thus  made,  keeps  better,  but  there  is  generally  a  loss  of  bouquet, 
in  consequence  of  the  separation  of  nitrogenous  substances. 

Burins  the  vat  fermentation  there  is  a  slow  oxidation  of  certain  nitrogenous  com- 
pounds, i^ch,  if  not  thus  destroyed,  would  spoil  the  wine  by  favouring  the  formation  of 
acetic  acid.  Air  gains  access  to  tne  wine  through  the  pores  of  the  vat.  But  the  quantity 
of  air  entering  in  this  way  being  small,  it  is  recommended  in  some  cases  to  stop  the 
bnnff-hole  of  the  vat  with  wadding  in  order  that  there  may  be  more  free  access  of  air. 
Iftms  plan  be  adopted  the  vat  is  varnished,  so  that  air  can  only  enter  through  the 
wadding  which  serves  to  filter  the  spores  and  germs,  because  by  so  much  exposure  to 
air  there  is  much  scope  for  acetous  formation. 

For  the  first  fermentation  of  must  capacious  vats  either  of  wood,  sandstone,  or  brick 
aet  in  cement,  are  generally  used.  Latterly  glass  has  been  oroposed,  but  it  has  had 
no  general  application.  A  suitable  cover  serves  to  prevent  tne  admission  of  a  supera- 
bondance  of  air,  whilst  a  hole  in  the  cover,  or  a  small  tube,  serves  as  an  exit  for  the 
carbonic  acid  gas.  In  some  places,  in  order  to  prevent  the  admission  of  air,  a  valve  is 
fitted  to  the  apparatus,  and  can  only  be  opened  from  within  by  the  pressure  of  the 
carbonic  acid  gas.  The  fermentation  tube  of  Kolges  and  Bamberger  effects  the  same 
pmpose ;  it  consists  of  a  glass  tube  bent  twice  at  right  angles,  having  one  end  through 
the  Dung-hole,  with  the  other  or  exit  end  reaching  into  water.  The  carbonic  acid  gas 
babbles  through  the  water,  and  the  admission  of  air  is  thus  prevented.  If  the  top  of 
the  vat  be  fastened  down,  or  is  very  large,  it  is  provided  with  a  hole  for  the  purpose  of 
miming  in  the  must  with  or  without  the  skins  and  emptying  out  the  residue.  A  ther- 
mometer also  passes  through  the  top  into  the  wine.  At  me  lower  part  of  the  vat  a 
cook  is  placed  for  the  purpose  of  drawing  off  the  wine.  In  Germany,  instead  of  using 
large  vats,  it  is  the  custom  to  employ  many  large  casks,  either  havmg  an  open  bung- 
hole,  or  an  arrangement  as  above  described.  In  the  fermentation  of  red  wme,  which 
is  Always  carried  out  without  separating  thesrape  skiDS,  an  open  vat  is  used,  provided 
with  a  perforated  inner  shelf,  and  this  is  pkc^  some  inches  below  the  level  of  the 
liquid  in  order  to  prevent  the  rising  up  of  the  husks. 

After  the  must  has  been  a  short  time  in  the  fermenting  vat  it  shows  signs  of 
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woiking;  the  temperatiure  rises,  a  foam  forms  on  the  snrfaoe,  and  there  is  a  diseO' 
gagement  of  carbonic  acid.  The  skins  are  carried  to  the  surface,  and,  if  for  too  long  a 
time  exposed  to  the  air,  an  acid  fermentation  results ;  and  it  is  to  prerent  this  sor&e 
exposure  of  the  hu»ks  that  the  above-mentioned  perforated  shelf  is  fitted  below  the 
leyel  of  the  liquid.  In  the  first  few  days  the  temperature  rises  nntil  it  is  about  6^ 
above  the  temperature  of  the  air,  and  at  the  same  time  the  disengagement  of  carbonie 
add  increases,  but  after  the  first  fermentation  the  eyolntion  diminishes  to  saeh  a  degree 
that  there  is  no  further  perceptible  disengagement  of  gas.  The  time  occupied  in  the 
first  part  of  the  fermentation  depends  upon  the  tempeiature  of  the  fermenting  room. 
In  Q^rmany  it  varies  from  8  to  1 4  days,  in  France  for  the  ordinary  kinds  of  wine  from 
3  to  8  days,  in  the  department  of  Herault  from  12  to  14  days,  and  in  some  places, 
where  the  finer  sorts  of  wine  are  prepared,  the  fermentation  proceeds  dnrinff  4  to  6  weeks. 

In  proportion  as  the  must  ceases  to  ferment,  and  in  consequence  of  Uie  oonversum 
of  sugar  into  alcohol,  the  specific  gravity  of  the  liquid  diminishes,  this  famishing  a 
very  ready  means  of  ascertaining  the  progress  of  the  fermentation.  Since  alcohol  as 
well  as  the  ethereal  and  bouquet^giving  compounds  would  be  carried  away  by  a  very 
brisk  first  fermentation,  it  is  advisable  to  cool  the  must  by  means  of  cooling  tubes  or 
by  ice,  so  as  to  moderate  the  fermentation. 

Various  contrivances  have  been  proposed  to  collect  the  alcohol  escaping  with  the 
carbonic  acid  gas,  and  a  very  simple  one  consists  in  making  the  gas  pftw  throo^ 
water  by  means  of  what  is  termed  an  hydraulic  bung.  The  quantity  of  alcohol  escap- 
ing may  be  as  much  as  j  per  cent,  of  the  total  quantity  present  in  the  wine. 

The  carbonic  acid  gas  evolved  can  be  used  for  the  preparation  of  bicarbonate  of 
soda,  white  lead,  etc,  but  it  is  not  generally  utilised. 

After  the  chief  fermentation  is  over  the  wine  is  run  into  large  casks,  cue  being 
taken  that  the  yeast  and  lees  remain  behind ;  the  casks  are  filled  to  the  bung  to  pre- 
vent  as  much  as  possible  acetic  acid  forming  by  the  atmospheric  action. 

During  the  after  fermentation  the  yeast  is  deposited  at  the  bottom  of  the  casks. 
the  sides  of  which  are  also  gradually  coated  with  a  crust  of  tartar  which  is  inaolaUe 
in  the  alcohol  now  present  in  the  wine. 

The  crude  tartar,  which  is  from  time  to  time  removed  from  the  empty  casks,  oonsisti* 
chiefiy  of  acid  tartrate  or  potash,  generally  with  some  admixture  of  caldnm  carbonate 
and  calcium  tartrate,  ferric  oxide,  colouring  matter,  yeast  residues,  etc 

When  the  after  fermentation  is  finished  the  casks  are  either  filled  up  and  closed 
or  the  wine  is  at  once  run  into  the  storing  casl».  where  it  is  buufled  up  until  a  con- 
siderable farther  deponition  of  tartar  has  taken  place,  and  then  it  u  racked  off  either 
into  casks  or  bottles.  This  racking  process  must  be  repeated  from  time  to  time  with 
wine  that  is  being  stored  for  a  very  long  time. 

Before  filling  the  casks  with  wine,  they  must  be  thoroughly  cleansed  from  any 
mildew  which  would  tend  to  cause  the  production  of  acetic  acid ;  f(»r  the  destruction 
of  such  fungi  the  casks  are  steamed  and  famigat«d  with  sulphur. 

Fining  or  darifying  is  carried  out  only  with  wine  which  is  not  dear  after  fermen- 
tation. It  serves  t-o  get  rid  of  the  .suspended  matter,  which  if  allowed  to  remain  would 
cause  an  after  fermenttitiun  in  the  liot  seasons  of  spring  and  summer.  In  the  ease 
of  red  wine,  which  contains  tannin,  the  fining  is  effected  with  albumin  or  gelatin  in 
the  form  of  blood  or  solution  of  glue,  which  form  insoluble  compounds  with  the  tannin, 
and  in  this  way  the  suspended  matter  in  the  wine  is  precipitated. 

White  wine,  which  contains  no  tannin  or  but  very  little,  has  the  required  quantity 
of  tannin  added  in  the  form  of  oak  bark  or  gall  nuts,  and  it  is  then  clarified  with 
isinglass,  as  in  beer  fining.  The  precautions  necessary  in  fining  wine  are  that  tbo 
wine  is  not  disturl)ed  and  that  the  finings  are  not  in  separate  pieces  but  in  a  coherent 
net-like  mass. 

Milk,  actine  by  the  coagulation  of  the  canein,  has  also  been  used  for  wine  fining,  as 
well  as  wood  shavings,  which  act  by  virtue  of  the  tannic  acid  they  contain,  and  even 
paper  pulp,  g3rpsum,  alumina,  alum,  etc.,  have  been  recommended  for  tho  same  purpose, 
but  isinglass  or  albumin  is  usually  preferred.  Fining  powders  generally  contain  oo^ 
or  more  of  the  above-mentioned  substances. 

In  order  to  efiect  the  improvement  of  inferior  wines,  either  of  two  purposes  or 
both  may  have  to  be  served,  viz.,  to  increase  the  amount  of  alcohol  and  to  decrea* 
the  acidity.  Sometimes  also  l)ouquet  is  given  to  the  wine  by  artifidal  mcaoi. 
Either  the  must  or  the  wine  is  operated  on  according  to  the  object  desired. 

One  of  the  oldest  methods  is  that  known  as  the  Ohaptal  process,  according  to 
which,  if  there  be  more  than  0*6  per  cent,  of  acid  in  the  must,  enough  carbonate  of 
lime  is  added  to  reduce  the  acid  to  that  amount.  To  increase  the  amount  of  alcdtol 
raw  sugar  is  added.  Tho  Gall  process  is  intended  to  be  applied  to  the  wine  ptodueed 
in  bad  aeaaoiia  b^  v^dm^  sufficient  water  to  reduce  the  amount  of  add  to  0*5  or  0*6 
per  cent.  audt]hQIim\x\\^^^^^^^\K^xcL^i%\«l^^  sugar  to  make  the  total 


DETERIORATION   OF  WINE.  933 

quantity  about  20  per  cent.  The  fermentation  is  then  carried  out  in  the  ordinary 
way.  The  process  is  to  be  recommended  when  the  must  is  poor  in  sugar  but  rich  in 
acid,  and  it  is  quite  capable  of  producing  drinkable  wine. 

The  grape  sugar  employed  m  the  Gall  process  is  prepared  by  the  action  of  dilute 
sulphuric  acid  on  starch.  It  is  commonly  known  under  the  name  of  starch  sugar, 
and  differs  from  pure  grape  sugar  by  containing  in  addition  a  considerable  quantity  of 
doxtnn. 

Neutral  potassium  tartrate,  calcium  carbonate,  or  sugar  lime  may  also  be  used 
to  neutralise  the  excess  of  free  add. 

The  amount  of  alcohol  may  be  increased  by  freezing  the  wine  and  removing  the 
frozen  portion  with  the  adhering  albumin  and  tartar ;  or  by  the  direct  addition  of 
alcohol  obtained  by  the  distillation  of  wine  or  by  adding  pure  spirit.  Gypsum, 
through  its  affinity  for  water,  will  effect  this  object  to  some  extent. 

In  Scheele's  process,  the  sour  taste  is  masked  and  the  sweetness  increased  by  adding 
from  1  to  3  per  cent,  of  pure  distilled  glycerin.  The  glycerin  preserves  the  wine, 
and  there  is  no  fear  of  the  sweetness  of  the  wine  diminishing,  whilst  wine  sweetened 
with  sugar  is  liable  to  fermentation,  which  may  alter  its  character. 

An  extract  of  grape  blossom  is  frequently  used  tu  improve  the  bouquet  of  wine. 
-  Some  years  ago  experiments  were  made  in  France  with  the  view  of  applying  elec- 
tricity to  the  preservation  and  improvement  of  wine.     It  had  been  observed  that 
some  wine  whicn  had  run  out  of  casks  destroyed  by  lightning  had  a  very  fine  fiavour. 

The  method  of  obtaining  wine  from  the  grape  skins,  according  to  Petiot,  depends 
upon  the  fact  that  the  skins  after  pressing  still  contain  so  considerable  a  quantity  of 
bouquet-forming  substances  that,  by  digesting  them  with  h  solution  of  sugar,  an  arti- 
ficial must  is  obtained,  which,  by  fermentation,  acquires  the  odour  and  taste  of  good 
wine.  The  constituents  which  it  may  be  deficient  in,  such  as  tannin,  tartar,  etc.,  can  be 
subsequently  added. 

At  present  Petiot's  method  is  only  carried  out  with  the  residuary  skins  from  the 
preparation  of  red  wine.  The  wine  produced  in  this  way  is  strong,  rich  in  bouquet, 
retains  its  properties,  is  of  a  fine  colour,  and  not  unfrequently  it  is  of  a  better  taste 
than  that  produced  fix)m  the  first  must,  which  in  bad  years  easily  becomes  sour. 

By  good  management  the  deterioration  of  wine  can  be  prevented,  and,  if  it  takes 
place,  artificial  means  may  be  employed  to  remedy  the  defects. 

Wine  becomes  sour  by  acetous  fermentation,  or  by  the  formation  of  lactic  acid, 
especially  when  it  contains  a  considerable  amount  of  albuminous  substances  and  little 
alcohol.  The  best  means  of  prevention  is  tu  keep  the  wine  as  much  as  possible  from 
contact  with  atmospheric  oxygen  by  filling  the  casks  to  the  bung,  or  by  soimdly  bung- 
ing them  up  when  tne  after  fermentation  is  completed.  In  the  event  of  mildew  ap- 
pearing, the  wine  must  be  quickly  racked  off  into  fresh  casks ;  the  introduction  of 
carbonic  acid  has  the  effect  of  killing  the  Mycoderma  aceti,  and  the  neutralisation 
of  the  acid  with  concentrated  potash  solution  will  sometimes  produce  drinkable  wine. 

Mould  is  sometimes  formed  upon  the  surface  of  wine  when  the  casks  are  not 
full,  and  the  cellars  are  too  warm,  and  the  bungs  are  not  closed.  This  defect  can 
be  counteracted  by  sulphuring,  cither  by  burning  some  sulphur  in  the-  empty  part 
of  the  cask,  or  by  racking  off  the  wine  into  u  fresh  cask  in  which  sulphur  has  been 
previously  burnt.      Solution  of  sulphurous  acid  may  be  used  for  the  same  purpose. 

The  bitterness  in  wine,  more  prevalent  in  old  than  in  new  wines,  is  likewise 
due  to  a  peculiar  ferment  which  produces  a  bitter  principle  of  an  unknown  chemical 
constitution,  and  although  present  in  small  quantities  it  gives  a  very  bitter  taste  to 
the  wine.  It  is  stated  that  isinglass  or  carbonate  of  lime  will  sometimes  remove  the 
bitterness. 

Sweetness,  due  to  the  presence  of  unconverted  sugar,  occurs  when,  in  consequence  of 
a  late  vintage,  the  temperature  of  the  air  is  too  low  to  admit  of  complete  fermenta- 
tion, which  will  then  frequently  proceed  so  slowly  that  after  mouths  or  even  years 
the  wine  remains  sweet 

Wine  is  rendered  thick  or  turbid  by  a  peculiar  ferment  which  decomposes  the  tartaric 
acid  of  the  tartar  with  evolution  of  carbonic  acid,  and  also  decomposes  any  sugar  and 
glycerin  that  may  be  present.  The  ferment  floating  about  the  wine  causes  a  dis- 
turbed and  thick  appearance,  and  ultimately  the  wine  becomes  sour.  The  evil  can  be 
obviated  by  decanting  the  wine  when  the  contact  with  air  causes  the  fermenting  agent 
to  be  precipitated.  Red  wine  chiefly  suffers  from  this  defect.  Viscidity  or  ropiness 
is  due  to  mucous  fermentation,  by  which  sugar  is  converted  into  mannito  and  mucilage. 
It  has  been  stated  that  the  ferment  by  which  this  change  is  produced  originates  from 
vegetable  gelatin  left  in  solution  during  the  fermentation  and  storing,  owing  to  in- 
sumcient  contact  with  atmospheric  oxyp^en.  The  evil  may  sometimes  oe  remedi^  by 
adding  tannin  in  the  form  of  a  decoction  of  the  grape  stalks  and  kernels.  Exposure 
to  air  is  less  effleacious. 


The  tMta  of  the  cask  i)  doe  to  the  om  of  dirtj  euki  and  it  'Wazj  diSenh  to  ba  sot 
rid  of.  The  beat  pl&n  u  to  nek  the  vioe  off  quickly  into  anew  euk.  and  to  inu  xnth 
it  ftbont  ^  per  ceDt.  b;  nilnnia  of  olive  oil,  wbiiA  helpa  to  t«idotb  Ibe  nnpl—at 

mts  a.  btuiih  or  brown  diicoioration,  when  tbe  taztmr  hae 


RvtenmUim  of  Wine. — Weak  winee  do  not  bMi  exportation  so  veil  aa  atmng 
winea ;  it  is  the  eoatam  therefore  to  mix  with  them  two  to  thrae  per  cant  of  aleob^ 

Althongh  wins  geneTBll;  keepa  better  in  bottlaa  than  in  the  cuka.  theic  i«  the  dia- 
advHutage  th^t  tJie  rork  ma;  gif«  a  taite  to  tba  wioa.  Thie  eapeoially  ooenn  when 
thecellAr  is  damp  and  mildew  socomnlatM  on  the  cork  ;  to  praTaattliia  the  ooriu  aie 
eorrred  with  ronn  or  with  tin  rapmlea. 

Freesing  is  one  of  the  meana  by  wbich  wine  maj  be  preaarrad.  Thia  tmstnaat 
facilitatea  the  predpilation  of  thediHolTsdoTBiupsadad  nitniganoiu  anbataneaa  whidi 
nTe  rice  to  the  formation  of  fermenta,  and  at  the  same  time,  when  tha  froian  portiea 


■  rendered  Mrongar  o 


M  onlj  tha  w 


1  remoTed,  the 

Another  method  of  greater  importsDce  coneiita,  MOordiDg  la  Oi^tart,  in  haaliBg 
the  wins  eontaioed  in  bottJaa  or  in  bennetically  sealed  Teaeela  in  a  water  bath  at  70*; 
thii  praeenisnidtogiTeawinewhidiafterwaTdaret*iuitamopertieaforRUiiyjean. 
Beaone  wine  treated  m  Ihia  way  remained  good  afUr  it  had  baau  two  yeaia  at  aaa. 
Ha  pTMMTatJTB  flSect  of  thia  tnatnant  ia  no  doabt  doe  to  tha  deatnictioa  of  tewait 
Tegetation. 

SeTBial  foima  of  apparatoa  ba*e  been  deriaed  for  treating  wine  bj  thia  method. 

The  armngement  adoptrd  by  Roaeignol  is  Npreaantad  by|  flg.  M6.  It  conaiata  of 
a  eaak  baring  the  bottom  replaced  by  Uie  copper  pan  (c)  which  ia  tinned  on  tha  ont- 
eide  and  enda  in  an  apeo  tabe  (e).  The  wine  to  be  tnMed  ia  ran  into  the  CMk,  and 
the  copper  vrawil  ia  filled  with  water  which  ii  heated  by  tha  fornaes  ondenicMh. 
Care  moat  be  takm  to  keep  the  water  below  the  )>oiling  point,  and  to  muntain  it  ata 
tampeiatnre  jtut  higher  than  that  to  which  the  wine  reqaiiea  to  be  heated. 


pipe  (/}.  The  csek  ^t)  it  refilled  with  wine,  and  the  anme  operation  carried  ont  aa  before. 
At  interrala  wiit«r  la  run  in  to  cleanse  the  cask,  otberwias  the  wine  dress  depoaitad 
during  tbe  operation  would  decompose  on  the  admisaioa  of  air,  and  vaold  inpait  as 
nnpleaaant  taste  to  tbe  wine  eabaequenCly  hea[«d. 

Id  Sg.  6S6  ia  ahown  tha  coanecUDn  at  the  bottom  of  the  apparatua  batwaen  the 
viiie  catt  and  w««t  itaieV.  (.a^  is  a  tinned  copper  ring  aoldated  to  the  «*tar  ruaweii 
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(c)  fig.  685,  and  between  the  ring  and  the  edge  of  the  cask  lies  the  india-rubber  ring  (J), 
against  which  a  is  so  strongly  pressed  by  screw  bolts  fixed  on  one  side  in  a  strong 
iron  ring  (b),  and  on  the  other  in  a  piece  of  angle  iron  {e)  fastened  to  one  of  the  iron  hoops 
of  the  cask,  that  a  perfect  joint  is  made. 

As  it  ifl  necessary  to  keep  the  wine  from  contact  with  air  on  account  of  its  action 
on  the  colour  and  taste  of  the  wine,  and  as  the  cask  must  be  quite  filled  with  wine, 
a  pipe  (■)  made  of  glass  or  tin  conducts  the  overflow  due  to  expansion  into  the  bottle 
(o). 

The  wine  is  drawn  off  into  casks  whilst  hot,  and  as  it  cools  an  air  space  results 
through  contraction  which  must  be  quickly  filled  up  with  hot  wine.  Instead  of  this 
methMl  the  casks  used  for  racking  the  hot  wine  are  connected  with  each  other  by  a 
bent  pipe,  so  that  the  wine  passes  from  one  to  another  as  the  contents  cool. 

Wine  which  has  been  put  into  casks  in  this  manner  can  be  transported  without 
risk  of  deterioration,  in  addition  to  which  the  wine  can  be  stored  in  casks  for  a 
longer  time  without  being  racked  off,  and  there  is  no  need  for  cool  store  cellars. 

Results  obtained  by  this  method  are  very  favourable,  inasmuch  as  it  turns  out  a 
wine  which  will  retain  its  properties,  and  has  no  tendency  to  the  ordinary  wine 
maladies ;  the  method  is  extensively  used  in  France. 

AduUeration  of  Wines. — Wine  may  bo  considered  adulterated  when  mixed  with 
substances  injurious  to  health,  either  for  the  purpose  of  imitating  a  wine  of  a  fiboer  sort, 
or  to  raise  its  value.  In  this  class  must  be  included  those  wines  which  have  had  a 
substance  added  to  counteract  some  objectionable  character,  such  as  too  great  acidity. 
Large  quantities  of  wine  are  met  with  which  are  merely  imitations  of  the  better 
kinds  of  wine,  and  they  are  prepared  parti v  from  inferior  wine  by  the  addition  of  arti- 
ficial ethers,  extracts,  and  essences ;  sometimes  also  without  any  basis  of  real  wine. 
For  the  detection  of  such  falsifications  there  is  a  want  of  any  decisive  test  beyond  the 
indications  afforded  by  the  taste  or  smell. 

Wine  that  has  become  sour  is  sometimes  treated  with  acetate  of  lead,  in  order  to 
remove  the  acidity,  and  in  such  cases  the  wine  is  liable  to  contain  lead,  which  can  be 
readily  detected  by  means  of  sulphuretted  hydrogen. 

Copper  or  zinc,  derived  from  the  copper  or  brass  vat  fittings,  can  bo  detected  in  a 
similar  manner. 

Sulphate  of  iron,  which  is  sometimes  added  to  wine,  may  be  detected  by  the  blue 
colour  which  is  produced  upon  the  addition  of  potassium  ferrocyanide. 

The  colour  of  wine  is  produced  artificially  in  many  instances.  Light  red  or  white 
wines  are  coloured  by  the  addition  of  some  innocuous  red  colouring  matter. 

In  France  the  colouring  of  red  wines  bv  means  of  fuchsine,  or  aniline  red,  is  said 
to  have  been  extensively  practised  within  tlie  last  few  years ;  and  since  this  material 
is  liable  to  contain  arsenic,  its  use  for  such  a  purpose  would  be  highly  objectionable. 
Much  attention  has  recently  been  paid  to  this  subject  in  France  with  a  view  to  detect 
the  admixture  of  this  colouring  matter. 

The  distinguishing  features  of  the  genuine  colouring  matters  have  already  bees 
given,  and  the  following  reactions  with  acetate  of  lead,  and  alum  and  carbonate  of 
ammonia,  may  serve  for  the  detection  of  the  common  spurious  materials  which  are 

uied: — 

With  Acetate  of  Lead         With  Alum  and  Carbonate  of  Ammonia. 

Pore  red  wine  bluish  grey  dirty  green 

Poppies  dirty  grey  slate  grey 

Elder  berries  dirty  green  bluish  grey 

Bilberries  greyish  green  bright  violet 

Privet  berries  green  „      green 

Dwarf  elder  berries        bluish  grey  to  violet  bright  violet 

in  the  fresh  berrie^s, 

and  fine  green  in  the 

fermented  extract 

Biallow  flowers  dark  green  bluish  violet 

Logwood  feeble  dark  blue  dark  violet 

Brazil  wood  wine  red  carmine  rod 

In  the  event  of  the  colouring  matter  having  been  added  after  or  before  fermenta- 
tion, the  adulteration  may  be  detected  bv  the  microscope ;  for,  if  a  drop  of  uncoloured 
wine  be  examined  under  the  microscope,  it  appears  when  dry  quite  homogeneous,  whilst 
in  case  of  the  addition  of  colouring  matter  aller  fermentation  separate  clots  of  colour 
can  be  seen. 

White  wine  i^  coloured  with  burnt  sugar.  Dark  wines  can  be  decolourized  by 
agitation  with  animal  charooaL 

lie  tesUng  qfJUuBt  and  Wme. — ^Must  is  chiefly  tested  for  its  amount  of  sugar, 
and  less  frequently  for  tha  amotmt  of  acid. 
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The  amount  of  sugar  is  determined  by  a  spedal  form  of  hydrometer,  the  degrees  of 
which  show  the  amoont  of  sugar. 

In  estimating  the  percenta^  of  sugar  in  must  bj  the  speeiile  gravitj,  it  ia  assomed 
that  it  is  only  the  sugar  which  affects  the  specific  gravi^.  It  must»  howerer,  be 
borne  in  mind  that  the  dissolved  protein  compounds,  organic  adds,  and  the  ash  con- 
stituents all  tend  to  raise  the  speofic  ^vity. 

The  following  table  gives  the  speiufic  gravity  corrected  for  the  soluble  oomponnds 
other  than  sugar : 


Corrected  sp.  gr. 

Per  oent^  oC  itigar. 

Oofxected  sp.  gr. 

Peroent.of 

1010 

3 

1-0657 

17 

1016 

4 

10744 

18 

1020 

5 

10788 

19 

1024 

6 

10832 

20 

1028 

7 

1-0877 

21 

1032 

8 

10922 

22 

1036 

9 

1-0967 

23 

1040 

10 

11018 

24 

1042 

11 

11069 

25 

1044 

12 

1-1106 

26 

1048 

13 

11153 

27 

1053 

14 

11200 

28 

1-0672 

15 

11247 

29 

10614 

16 

11295 

30 

The  amount  of  acid  in  must  is  determined  volumetrically  by  means  of  a  solution 
of  lime  of  such  a  strength  that  27'5  cubic  cent  equal  0*06125  grm.  suli^uric  add; 
0*075  grm.  acetic  acid ;  0-09375  grm.  tartaric  acid ;  and  0-236  grm.  ada  tartrate  of 
potash. 

Ten  C.C.  of  the  clear  must  are  brought  into  a  beaker  without  litmus,  and  the  lime 
water  is  added  from  a  burette  until  l^  the  change  in  the  colour  the  neutral  point  is 
obtained.  The  reading  of  the  burette  is  taken,  and  the  percentage  of  acid  can  be  cal- 
culated. 

When  the  must  is  not  dear,  lime  water  is  added,  insufficient  to  saturate  the  add ; 
the  liquor  is  then  filtered,  and  more  lime  water  is  added  to  the  filtrate  until  alteration 
of  colour  takes  place. 

Wine  is  chiefly  tested  to  ascertain  the  amount  of  alcohol,  and  seldom  for  the  additj 
or  the  amount  of  extract. 

Direct  determination  of  spedfic  gravity  is  of  no  value,  because  it  is  influenced  by 
other  constituents  besides  the  alcohoL 

Ghiy-Lussac's  apparatus,  or  a  modiflcation  of  it,  is  used  for  the  purpose  of  ascertain- 
ing the  alcoholic  contents  of  a  wine.  A  measured  volume  being  taken,  it  is  distilled 
into  a  graduated  receiver,  and  the  distillate  made  up  to  the  original  quantity.  In  the 
distillate  the  alcohol  is  estimated  by  an  alcoholometer. 

Silbennann  proposes  a  method  which  is  much  quicker  than  that  just  described.  It 
depends  upon  the  expansion  of  alcohol  between  0^  and  78"^  being  three  times  as  great 
as  that  of  water. 

Comity's  ebullioscope  indicates  the  amount  of  alcohol  in  a  mixture  of  alcohol  and 
water,  by  the  temperature  of  the  vapour  given  off  from  tlie  boiling  liquid. 

The  vaporimeter  of  Geiseler  is  based  upon  the  fact  that  the  tension  of  alcohol  vapour 
is  much  greater  t)mn  that  of  water  vapour.  The  alcoholic  liquid  is  heated  in  an  en- 
closed vessel,  in  connection  with  a  kind  of  manometer,  in  the  outer  arm  of  which  the 
mercury  rises  to  an  extent  proportionate  to  the  amount  of  alcohol,  which  is  indicated 
upon  a  scale. 

The  volatile  ethers  and  the  homologous  alcohols  affect  the  result.  In  using  this 
method  carbonic  acid  must  first  be  removed  by  shaking  with  caustic  lime. 

The  acidity  of  wine  is  ascertained  by  titration.  Instead  of  litmus  as  an  indicator 
Mohr  recommends  an  alcoholic  tincture  of  logwood,  and  to  add  the  normal  soda  solu- 
tion until  the  yellow  colour  of  the  logwood  changes  to  violet. 

The  amount  of  extract  is  determined  by  evaporatinff  a  known  quantitv  of  wine  to 
dryness  on  a  platinum  disk  on  the  water  bath,  and  weiring  the  residue  dried  at  100" 
to. 110°. 

Treatment  of  the  Wine  Residues. — The  grape  skins,  after  the  expression  of  the 
juice,  are  frequently  distilled  to  make  brandy.  With  this  object  the  skins  are  snb- 
jccted  to  fermentation,  and  then  distilled. 

Crude  tartar  can  be  obtained  from  the  residue  of  distillation.  For  this  purpose 
the  skins  &i«  separated  by  a  sieve  from  the  hot  liquor,  which  is  allowed  to  stand  for 
Bome  time  until  Oie  \axI»x  \&  ^•cr^osiXftd..    The  reddue  on  the  sieve  can  be  either 
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indoerated  to  obtain  potash,  or  merely  carboniBed  for  vine-black.  It  has  also  been  used 
for  making  gas. 

In  some  places  the  skins  are  used  as  cattle  fodder  or  as  manure,  and  for  preparing 
Terdigris.  By  allowing  them  to  undergo  acetic  fermentation,  and  filling  them  alter- 
nately with  sheet  copper  in  a  warm  place,  a  coating  of  neutral  cupric  acetate  is  thus 
formed,  which  is  gradually  converted  into  basic  acetate,  or  verdigris. 

Tannic  acid,  and  a  fiEit  oil  which  can  be  extracted  by  carbon  bisulphide,  are  to  be 
obtained  from  the  grape  stones. 

The  wine  lees  are  distilled  for  brandy;  the  last  product  which  passes  over 
consists  of  wine  oil,  which  is  essentially  oenanthic  ether.  The  residue  of  the  distilla- 
tion can  be  used  for  preparing  crude  tartar  or  potash. 

The  crude  tartar  deposited  in  the  after  fermentation  is  purified,  and  also  used  in 
the  prepsiration  of  tartaric  acid. 

Bbbb. — Beer  was  known  to  the  Egyptians,  and  it  is  probable  that  the  Greeks  learnt 
from  them  the  art  of  brewing.  The  Romans  obtained  their  knowledge  of  beer  from 
the  Gauls,  and  like  them,  called  it  cerevisia.  In  Germany  the  brei^ng  of  beer 
has  been  carried  on  during  many  centuries,  it  being  mentioned  by  Tacitus.  As  long 
as  the  malt  required  was  prepared  in  each  house,  the  be«r  industiy  remained  com- 
paratively undeveloped,  but  when  the  monasteries  began  to  brew  on  a  laiger  scale  it 
attained  a  considerable  perfection.  The  monks  were  the  first  to  make  a  distinction 
between  single  beer  and  double  beer,  the  former  being  called  convent,  the 
latter  pater  beer.  The  use  of  hops  in  brewing  dates  from  the  ninth  century. 
Whitebeer  was  first  brewed  in  Niiremberg  in  1 54 1 .  The  brewing  of  ale  and  porter 
dates  only  from  the  eighteenth  century. 

Beer  contains,  besides  the  alcohol  produced  by  fermentation,  some  dextrin,  small 
quantities  of  nitrogenous  substances,  some  of  the  ash  constituents  of  the  malt,  and 
dissolved  carbonic  acid,  which  contributes  essentially  to  its  good  quality.  When  beer 
is  kept,  carbonic  acid  is  given  off  continually  to  a  small  extent ;  so  that,  to  keep  the 
liquor  saturated  with  this  gas,  a  constant  reproduction  of  it  within  the  beer  itself  is 
necessary.  Beer  is  a  beverage  dnmk  while  in  a  state  of  fermentiition,  thus  differing 
essentially  from  wine  and  like  beverages,  which  are  only  fit  for  U8<;  when  the  fermen- 
tation is  over.  As  soon  therefore  as  beer,  through  standing  in  partly  filled  vessels, 
in  too  warm  a  place,  or  any  other  cause,  ceases  to  evolve  as  much  carbonic  acid  as  is 
given  off,  it  loses  its  freshness ;  the  same  thing  happens  when  fermentation  is  stopped 
either  by  too  low  a  temperature  or  complete  decomposition  of  the  sugar. 

Beer  left  to  stand  exposed  to  the  air  easily  turns  sour,  especially  when  it  contains 
much  ferment,  as  is  the  case  with  superficially  fermented  beer,  acetic  acid  being 
formed  from  the  alcohol.  Beer  that  has  once  turned  sour,  cannot  be  reconverted  into 
good  beer,  and  the  best  use  that  can  be  made  of  it  is  to  treat  it  for  vinegar. 

In  order  to  preserve  beer,  especially  for  export,  a  number  of  plans  have  been  pro- 
posed. One  of  the  best  of  these  is  tl\at  recommended  by  Velten.  It  consists  in  heat- 
ing the  beer  during  twenty  minutes  or  an  hour  in  closed  vessels  to  a  temperature 
of  48^  or  50^.  To  secure  quick  heating,  so  that  the  temperature  does  not  remain 
long  between  25^-40",  when  too  strong  fermentation  would  ensue,  the  vessels  are 
heated  in  a  water  bath.  The  most  suitable  vessels  for  the  purpose  are  made  of 
metal,  and  furnished  with  a  stirring  apparatus  made  of  pipes,  through  which  steam 
is  passed.  The  beer  is  then  filled  into  casks  and  charged  with  carbonic  acid  gas. 
In  usin^  the  above  method,  it  is  necessary  that  the  escape  of  carbonic  acid  during 
the  heatmo;  process  should  be  entirely  prevented. 

Accoroing  to  the  relative  proportions  of  the  several  constituents — alcohol,  aromatic 
substances,  and  the  non -volatile  constituents  which  are  collectively  designated  malt 
extract — beer  has  different  characters.  Beer  with  body,  as  ale  and  porter,  the 
Brunswick  Mum,  etc.,  contains  from  8-15  per  cent,  malt  extract,  while  thin  beer  con- 
tains only  from  4-6  per  cent,  of  extract  The  amount  of  alcohol  in  beer  also  varies, 
though  dry  or  thin  kinds  of  beer  sometimes  contain  more  alcohol  than  beer  with  body. 
The  strong  English  beer  contains  5  and  even  8  per  cent,  of  alcohol,  Bavarian  beer 
from  2  to  6  per  cent,  and  the  more  ordinary  kinds  from  2  to  3  per  cent.  The 
relative  quantity  of  carbonic  acid  in  beer  varies  between  0*1  and  0*2  per  cent. ;  the 
sugar  from  0*2  to  1*9  per  cent.,  the  dextrin  from  3  to  5  per  cent,  and  upwards,  the  al- 
buminous substances  from  ^  to  }  per  cent.  Besides  carbonic  acid,  acetic,  lactic,  and 
some  succinic  acids  are  contained  in  beer.  According  to  A.  Vogel's  researches  the 
proportion  of  lactic  acid  to  acetic  add  in  fresh  beer  is  tolerably  constant,  as  32  to  1 ; 
in  beer  exposed  to  the  air  the  proportion  of  acetic  add  increases  rapidly.  Tannic 
add  is  not  always  present  in  beer,  and  then  only  in  lery  small  quantity.  The  amount 
of  ash  yielded  by  beer  varies  between  O'l  and  0*3  per  cent  According  to  Itfartino,  who 
analysed  Erlanger  beer,  it  consists  essentially  of  potash  (37  per  cent.),  soda  (8  per  cent), 
magnesia  {6^  per  cent),  phosphoric  add  (32  per  cent),  sihcic  add  (11  per  cent.),  and 
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nitnrmllj  raries  aeoording  to  the  nw  material  used  in  brewing.  Aeoording  to  Lemier, 
beer  oontains  an  organic  base  the  nature  of  which  is  at  present  unknown.  Besidfls 
the  constituents  mentioned,  beer  also  contains  the  entire  constituents  of  the  hop^  as 
well  as  gljoerin  and  caramel. 

The  following  table  shows  the  results  of  Lermer'a  analysis  of  different  kinds  of 
Munich  beer.     100  parts  were  found  to  contain: 


Alcohol 

R&iiaot 

AttNUDen 

Aah 

■cUin 
100  parts 

Bock  .beer  from  the  Coart  brewery    . 

of  aah 

608 

7-83 

0-87 

0*28 

84-18 

Summer  beer  ,,            „           ,, 

8-88 

4-93 

0-43 

0-28 

32-06 

White  beer      „            „           „ 

3-51 

4-78 

0-58 

016 

26-67 

Spaten  Bock  beer      .... 
&cherl  Salrator  beer 

6-23 

8-50 

— 

4*49 

968 

0-67 

— 

— . 

Lowenbran  winter  beer 

3-00 

5-92 

0-26 

29-28 

The  following  table  shows  the  percentage  of  alcohol  and  extract  in  "RngUA^ 
German,  and  other  kinds  of  beer : — 


I 


Porter  (Barclay  and  Perkins) 
Ix>ndon  porter   . 
Burton  ale 
Scotch  ale . 
Bavarian  iung  beer 

„        lager  beer 
Munich  schenk  beer 

„       lager  beer 
Wursburg  lager  beer. 
Munich  bock  beer 

„  salvator  beer 
Prague  lager  beer 
Niiremberg  lager  beer 
Bamberg  schenk  beer 
„  lager  beer  . 
Brussels  lager  beer  . 
Culnbaeh  lager  beer  . 
Erlanger  lager  beer  . 
Brunswick  mum 


Alcohol 


BxtnuAiTB  mattar 


6-4 

6-9 

6-9 

8-6 
8-3-4 
4-4-6-1 
3-8-4 
4-8-61 
4-0-4-7 
4-3-4-8 

46 

4-8 
3-8-40 

4-2 

4-2 

6-5 

4*2 

3-8 

2-4 


6-0 

6-8 
14-0-19-8 

10-9 

6-6 

4^ 

6-4-6-8 

6 

4-4 

8-6-9-4 

90-9-4 

10 

4-6 

6-9 

4-6 

3-4 

4-6 

4-6 
390-45 


The  residue  left  in  the  mash  tuns  and  known  under  the  name  of  brewers'  grains  is 
used  as  fodder  for  cattle.  The  germs  separated  from  the  malt  by  sifting  as  well  as 
the  exhausted  hops  form  a  good  manure.  Brewer's  yeast  is  extensiyely  employed  in 
bread  making,  and  in  spirit  manufacture. 

The  different  kinds  of  beer  are  prepared  by  fermenting  infusions  of  malted  gram 
—generally  barley — so  as  to  convert  tiie  sugar  they  contain  into  alcohol. 

Bow  Materials  of  Brewing. — The  principal  material  used  in  brewing  is  barley; 
and  though  wheat,  oats,  maize,  potatoes,  rice,  and  starch,  are  capable  of  undergoing 
the  necessary  changes  for  the  development  of  sugar,  they  are  scarcely  ever  m;ed. 

The  barley  used  for  brewing  is  the  product  of  a  species  of  Hordeum.  It  requires  to 
be  ripe  and  sound ;  this  ma^  be  in  part  tiscertained  from  its  extemsl  appearance. 
Each  grain  should  have  a  uniform  light  yellow  colour  extending  to  the  tips ;  it  should 
be  full,  plump,  quite  white  and  mealy  inside,  and  free  from  odour ;  and  there  should 
be  no  admixture  of  foreign  or  dead  grains.  Especially  the  barley  should  be  heavy,  as 
when  malted  it  yields  the  saccharine  principle  nearly  in  proportion  to  ita  weight. 
Scotch  barley  weighs  from  64  to  59  lbs.  per  bushel ;  Engbsh  barley  62  to  68  lbs. ; 
and  Saale  (German)  barley  60  to  64  lbs.  In  order  to  promote  its  uniform  gcrmina- 
tion,  the  barley  used  in  a  malting  operation  should,  as  far  as  possible,  have  been 
grown  under  similar  conditions  and  on  the  same  soil.  This  may  be  tested  by  placing 
some  of  the  grains  in  h  shallow  dish,  covering  them  ^  to  j-  of  an  inch  with  water,  and 
then  exposing  them  without  drying  to  a  temperature  of  26^-30°.  When  the  barifj 
is  good,  the  gcaini  'W\W  g^sraaittXA  vmrai^axicAualy. 
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In  the  individnal  grains,  the  mealy  interior  alone  is  of  value  in  beer  brewing ;  the 
husk,  owing  to  its  ooutaining  easily  decomposable  substances,  which  would  give  the 
beer  an  unpleasant  taste  and  smell,  should  be  removed  as  far  as  possible. 

The  principal  constituents  of  the  internal  mealy  portion  of  the  grain,  which  is 
built  up  of  concentric  rings  increasing  in  thickness  towards  the  outside,  are  starch  and 
gluten  :  besides  which  there  are  small  quantities  of  albumin,  a  fatty  oil,  and  inorganic 
matter.  As  starch  is  the  constituent  most  important  in  beer  brewing,  its  properties  in 
this  res^t  may  be  briefly  enumerated.  T^en  heated  with  water,  starch  forms  a 
paste  which,  in  contact  with  decomposing  nitrogenous  substances,  is  easily  converted 
into  lactic  acid ;  with  tannic  add,  nowcver,  it  forms  a  compound  insoluble  in  water, 
that  readily  sinks  to  the  bottom.  When  starch  is  roasted,  dextrin,  a  substance 
soluble  in  water,  is  formed,  which  constitutes  a  chief  constituent  of  beer ;  other  empy- 
reumatic  substAuces  are  also  produced,  upon  which  the  flavour  of  the  beer  essentially 
depends.  The  diastase,  formed  from  the  gluten  during  malting,  changes  the  starch — 
most  favourably  at  a  temperature  of  from  60°-75^ — into  dextrin  and  sugar,  and  these 
in  their  turn  by  fermentation  yield  alcohol  and  carbonic  acid. 

In  this  country  and  in  France  sugar  has  also  been  used  as  a  brewing  material,  raw 
sugar,  molasses,  or  grape  sugar  being  available  for  this  purpose.  Such  an  addition  is 
generally  economically  advantageous,  since  a  part  of  the  grain  is  saved  and  the  work 
facilitated.  Further,  beer  thus  prepared  keeps  better,  because  less  barley  being  used 
there  is  introduced  into  it  a  smaller  quantity  of  the  nitrogenous  compounds  which 
render  it  more  liable  to  spoil.  But  this  beer,  rich  in  sugar,  is  less  pleasant  to  the 
taste  than  that  containing  more  dextrin,  on  which  account  it  appears  to  be  preferable 
to  add  an  amylaceous  substance  to  the  grain,  and  potato  starch  is  often  employed. 
Still,  the  oily  constituent  of  potatoes  may  easily  impart  an  unpleasant  taste  to  the  beer ; 
Zehling  therefore  recommends  that  the  potatoes  snould  be  treated  with  soda  previous 
to  use. 

Hops. — The  peculiar  aromatic  taste  of  beer  is  in  great  part  due  to  hops,  the  un- 
fructified  female  flowers  of  the  hop  plant  (Humuhu  lupulus).  The  strobiles  of  this 
plant— the  hops  of  the  brewer — contain  between  the  bracts  at  the  base  a  peculiar 
granular  sticky  substance,  known  as  yellow  powder,  hop  meal,  or  lupulin, 
which,  together  with  the  scales,  contain  the  essential  constituents  of  the  hop  for  the 
purpose  of  brewing.  Wild  hops  produce  these  constituents  in  only  very  small 
quantities,  therefore  cultivated  hops  can  alone  be  used  by  the  brewer. 

According  to  Wiumer  (I  and  II),  and  Raubert  (III),  there  is  contained  in  100 
parts: — 


Oil  of  hop 

Resin      .... 

Peculiar  bitter  substance 

Tannic  acid 

Gum       .... 

Cellulose 

Extract  solution  in  water 


I 

II 

Scate 

Yellow  powder 

0 

012 

2-60 

2-91 

4-68 

301 

1-61 

0-63 

683 

1-26 

63-95 

8-99 

12  12 

4-92 

lU 
EUinger  Btadt  hops 


0-60 
16-90 
!  not  determined 

302 

I  1110 

48*33 

6-40 


The  aromatic  tasto  and  smell  of  beer  is  chiefly  due  to  the  oil  of  hop,  while  the 
bitter  resin  contained  in  the  strobiles,  which,  owing  to  its  solubility  in  alcohol,  passes 
into  the  beer,  often  imparts  to  it  an  unpleasant  bitter  taste.  The  peculiar  bitter 
substance  mentioned  in  the  above  analysis  is  soluble  in  water,  and  consequently  also 
passes  into  the  beer,  imparting  to  it  a  part  of  its  bitter  quality,  but  at  the  same  time 
rendering  it  more  permanent  and  wholesome. 

The  tannic  acid  contained  in  hops  is  so  far  of  importance  that  a  quicker  clarifica- 
tion of  the  wort  is  dependent  upon  it,  as  it  forms,  with  the  mucilaginous  substances  in 
the  wort,  insoluble  compounds  which  readily  settle  to  the  bottom. 

The  relative  proportion  of  the  active  constituents  in  the  hops  varies  considerably, 
depending  upon  culture,  the  season,  soil,  and  other  circumstances.  Certain  districts 
are  especially  celebrated  for  the  hops  produced  by  them ;  such  are  Kent  and  Notting- 
ham in  this  country,  Saatz  and  Pilsen  in  Bohemia,  Nuremberg  and  Spalt  in  Bavaria, 
Sehwetzingen  and  Mannheim  in  Baden,  in  Brunswick,  Thuringia,  and  other  districts. 

The  qualityof  a  sample  of  hops  may  be  to  some  extent  judged  from  external 
appeaianees.  The  strobiles  should  be  clean  sad  of  good  size,  not  mixed  with  leaves  or 
sUaks,  and  should  be  either  light  red  or  greenish  yellow  in  colour.    Veiy  ripe  hope 
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are  blood  red,  while  thoee  which  are  unripe  are  quite  green,  The  sample  should  be 
rich  in  yellow  powder,  and  this  ahould  be  sulphur  yellow,  not  brown,  as  is  the  case  in 
old  hope ;  when  rubbed  between  the  fingers  it  should  leave  a  resinous  sticky  mark, 
and  at  the  same  time  eyolve  a  strong  pure  hop  odour.  Seeding  hops  are  not  so  good. 
Hops  should  not  be  more  than  one  year  old,  since  they  quickly  lose  their  actiye  pro- 
perties, and  may  impart  to  the  beer  an  unpleasant  taste  and  smell  from  the  hop  oil 
having  turned  rancia.  Old  hope  may  be  detected  by  the  seeds  falling  out  when  the 
strobiles  are  broken,  while  the  seeds  of  fresh  hops  remain  fast. 

The  proper  carrying  out  of  the  hop  harvest  is  a  matter  of  great  importance  to  the 
quality  of  the  beer  to  be  produced,  it  is  essential  to  choose  for  it  dry  weather,  and  a 
selection  should  be  made  of  the  ripe  hops,  the  unripe  being  left  to  ripen. 

Great  care  is  also  required  in  drying  the  hops ;  thepr  must  be  dried  quickly  and 
thoroughly.  The  drying  is  carried  out  either  in  large  airy  garrets  or  in  special  drying 
apparatus  of  which  the  Hohenheim  hop  kiln  presents  the  most  advantages.  It  con- 
sists  of  a  large  inclined  drying  surface,  formed  of  hurdles  covered  with  warm  sack- 
cloth, the  himlles  being  laid  over  shallow  boxes  through  which  warm  air  is  driven  by 
means  of  a  ventilator.  The  air  passes  through  the  hurdles  upon  which  the  hops  are 
laid  and  rapidly  effects  their  drying.  The  hops  are  turned  by  placing  an  empty 
hurdle  upon  a  fall  one,  and  turning  both  over  in  such  a  way  that  the  fresh  one  oomes 
to  be  the  bottom  one,  the  other  is  then  removed. 

Hops  also  require  careful  storing.  The  plan  of  storing  up  hops  in  lofts  is 
objectionable,  since  the  exposure  to  air  and  moisture  rapidly  changes  them.  In  order 
to  exclude  air  as  completely  as  possible,  the  thoroughly  dried  hops  should  be  packed 
tightly  together.  A  very  common  way  of  packing  hops  consists  in  placing  them  in 
si^s  and  pressing  them  down  with  the  feet ;  this  is,  however,  insufficient.  In  this 
country,  as  well  as  in  America,  hydraulic  presses  are  used  for  pressing  hops,  the 
resinous  nature  of  the  hope  then  causes  them  to  stick  well  together,  and  hops  thus 
pressed  will  keep  for  two  or  three  years  without  deterioration.  Hops  are  said  to 
keep  still  better  when  the  sacks  in  which  they  are  pressed  are  papered  extemaUy. 

The  bad  appearance  of  old  hops  may  often  be  diminished  bv  sulphuring.  Smphu- 
rous  acid,  however,  admits  of  ready  detection.  By  Wagner^s  method  a  small  quantity  of 
the  hops  to  be  tested  is  placed  in  a  glass  fiask  with  a  small  quantity  of  sine  and 
dilute  hydrochloric  acid,  and  the  gas  evolved  is  conducted  into  a  very  weak  solution 
of  sodium  nitroprusside.  If  the  hops  have  been  treated  with  sulphurous  acid,  sul- 
phuretted hydrogen  is  given  off,  which  produces  a  beautiful  violet  coloration  in  the 
solution  of  sodium  nitroprusside.  The  presence  of  sulphurous  acid  does  not,  however, 
always  indicate  old  hops,  because  frequently  in  this  country  fresh  hops  are  sulphured 
in  o«ier  to  preserve  them. 

Brdinara's  method  of  preserving  hops  consists  in  storing  them  up  in  chambers  at 
an  average  temperature  varying  as  little  as  possible  from  10^,  and  not  exposed  to 
light  and  air. 

With  this  object  the  thoroughly  dry  hops  are  packed  in  dry  sacks  and  stored  in 
chambers  situated  on  the  north  side  of  a  building,  built  of  waterproof  materials,  and 
which  can  be  well  closed.  The  hop-chamber  is  furnished  with  a  double  wall  all  round, 
the  space  between  the  two  walls  communicating  with  an  ice-house,  so  as  to  keep  the 
tcmpc-mture  of  the  interior  as  low  as  possible.  Hops  thus  stored  in  such  chambers 
are  said  to  keep  for  years  without  altering. 

Schaar's  method  is  somewhat  similar  to  the  above,  consisting  in  burying  the  hope 
in  pitched  tubs  in  ice. 

Instead  of  using  the  hops  themselves  in  beer  brewing,  it  has  been  suggested  to 
boil  the  hops  in  suitable  distilling  vessels,  so  as  to  separate  the  essential  oil  as  a  dis- 
tillate, which  together  with  the  thick  extract  left  behind  is  preserved  for  subsequent 
addition  to  the  beer. 

But,  setting  aside  the  fact  that  in  the  preparation  of  this  extract  changes  take 
place  in  the  essential  constituents  which  impart  to  the  product  an  entirely  different 
taste  and  smell,  the  method  cannot  be  recommended  owing  to  the  facility  it  affords  for 
adulteration. 

Water. — It  is  by  no  means  a  matter  of  indifference  what  kind  of  water  is  used  in 
beer  brewing,  inasmuch  as  each  admixture  contained  in  natural  water  has  an  effi'Ct 
upon  tlie  quality  of  the  beer. 

Rain  water  is  fit  only  for  softening  the  grain,  because  it  is  contaminated  with 
or^ranic  germs  floating  in  the  air,  which  easily  produce  decomposition.  Filtered 
rnin  water  freed  from  such  germs  is  on  the  other  hand  well  adapt«l  for  beer  brewing. 

Of  the  different  kinds  of  well  and  spring  water  the  softest,  i.e.,  that  which  contains 
relatively  the  least  calcium  salts  in  solution,  is  the  most  suitable  for  the  brewer.  A 
hard  water  may  \)o  V>  some  extent  softened  by  exposing  it  for  some  time  in  large  rs- 
servoirs  to  the  aclVou  oi  VXib  «.\t.   "^^\«t  \}cwa  -^t^i^red  may  be  used  for  brftwing. 
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River  water,  which  ^  a  soft  water  would  generally  be  adapted  for  brewing  pur- 
poBea,  has  the  disadvantage  of  being  turbid  from  the  presence  of  suspended  organic  and 
inorganic  or  earthy  matter.  This  may,  however,  be  removed  by  filtration  through 
gravel,  sand,  or  charcoaL 

According  to  Siemens  a  water  adapted  to  brewing  purposes  must  have  the  follow- 
ing properties :  it  should  be  pure  and  clear,  it  should  possess  neither  smell  nor  harsh 
flavour,  it  should  not  be  rendered  cloudy  by  solution  of  soap,  nor  should  it  yield  any 
perceptible  deposit  when  boiled;  legumes,  such  as  peas  and  lentils,  when  boiled  in  it, 
ought  very  speedily  to  soften,  and  it  should  not  evolve  any  odour  when  kept  for  some 
time  in  a  warm  place. 

Yeast, — Yeast  also  belongs  to  those  substances  indispensable  in  brewing,  and  has 
been  already  considered  under  FBBmurrATioir  (see  p.  881). 

Malting. — The  conversion  of  grain  into  malt  has  for  its  object  the  formation  of 
diastase,  which  originates  in  the  gluten  during  the  malting.  Partly  during  the  malting 
and  partly  in  the  following  mashing  process,  this  diastase  effects  the  conversion  of  the 
stardi  contained  in  the  grain  into  grape  sugar  and  dextrin.  There  are  also  produced 
during  the  drying  of  malt  in  kilns  some  dextrin,  together  with  caramel  and  empy- 
reumatic  substances,  which  communicate  to  beer  its  colour,  and  have  some  influence  on 
the  flavour  and  aroma. 

The  process  of  malting  comprises  the  following  operations: — (1)  Steeping  or 
softening  the  grain.  (2)  Germination.  (3)  Drying.  (4)  Removing  the  germs. 
(5)  Bruising  the  malt. 

The  steeping  or  softening  of  the  grain  has  for  its  object  to  impregnate 
the  grain  with  sufficient  water  to  cause  germination,  and  also  to  remove  from  the 
husbi  extractive  substances  which  would  spoil  the  taste  of  the  beer.  The  barley  is 
placed  in  large  cisterns  of  wood,  or  preferably  of  stone  or  cast  iron,  with  four  times  its 
volume  of  water,  and  kept  in  the  cisterns  until  the  points  of  the  grains  upon  being 
pressed  with  the  hand  allow  of  the  ready  separation  of  husk  and  contents.  Such 
grains  as  after  two  or  three  hours,  during  which  time  the  mixture  is  frequently  stirred, 
remain  floating  on  the  sur£ftce,  are  ta^en  off  and  separated.  The  most  suitable 
temperature  for  the  steeping  is  15°;  and  the  water  is  usually  changed  every  twelve  or 
twenty-four  hours,  in  summer  more  frequently  than  in  winter.  The  time  during  which 
the  grain  requires  to  be  steeped  varies ;  old  barley  containing  much  gluten  requires 
from  four  to  six  days,  while  young  grain  does  not  require  more  than  thirty-six  or 
thirty-eight  hours.  In  winter  the  process  proceeds  more  slowly  than  in  summer.  Too 
long  steeping  deprives  the  grain  ca  its  germinating  power. 

When  the  operation  is  completed  the  water  is  let  off  as  quickly  as  possible  by 
means  of  cocks  with  a  large  bore,  so  as  to  prevent  one  part  of  the  grain  firem  remain- 
ing immersed  much  longer  than  the  rest.  The  water  drawn  off  has  a  yellow  colour  due 
to  the  substances  dissolved. 

Wheat,  on  accotmt  of  its  weaker  husk,  requires  less  time  for  steeping  than  barley. 

Barley  loses  during  steeping  from  1  to  2  per  cent,  of  dry  substance ;  but  by  the 
absorption  of  water  its  weight  is  increased  about  47  per  cent. 

Germination. — The  object  of  germination  is  the  formation  of  diastase  from  the 
gluten  of  the  grain  during  the  development  of  the  cotyledon,  in  order  to  make  use  of 
this  diastase  afterwards  for  changing  the  starch  into  sugar  and  dextrin.  The  proper 
germination  of  the  grain  is  therefore  one  of  the  most  important  operations  in  beer 
brewing.  Diastase  must  be  formed  in  quantity  sufficient  to  change  the  entire 
quantity  of  starch,  otherwise  starch  would  be  lost.  The  germination  should  not 
however  be  allowed  to  proceed  too  far,  since  then  starch  would  again  be  lost  by  being 
used  up  by  the  young  plant  in  the  formation  of  cellular  tissue.  The  germination 
must  be  stopped  as  soon  as  the  germs  have  attained  a  length  of  IJ-l)  of  the  length  of 
the  grains,  or  when  the  cotyle£>n  has  penetrated  about  half  way  into  the  interior  of 
the  grain. 

The  chamber  in  which  the  germination  is  carried  out  should  be  as  independent  a.s 
possible  of  fluctuations  of  temperature  and  changes  of  weather,  the  most  suitable 
temperature  being  10°  to  16°.  Although  a  moist  chamber  is  required  for  due  growth 
it  should  not  be  mUKty,  since  that  is  apt  to  cause  fungoid  growth.  Constant  change 
of  air  is  necessary.  If  the  chamber  should  be  insufficiently  humid  a  spray  of  water 
or  a  jet  of  steam  may  be  introduced.  In  Germany  a  cellar  is  usually  employed  5  to 
6)  feet  high,  and  called  the  germinating  floor.  The  floor  of  the  malting  room  should 
be  hard  and  impenetrable  to  moisture ;  it  is  generally  made  of  good  cement  or  stone 
flags  lying  close  together,  the  bedding  beneath  depending  upon  the  situation.  On  a 
damp  soil  building  rubbish  is  used,  and  clay  in  dry  places.  The  sides  and  ceiling  of 
the  chamber  are  oofered  with  hydraulic  cement.  It  is  essential  to  avoid  having  any 
ruts  or  holes,  into  whioh  grains  can  fall,  because  they  quiekly  rot,  aadnKmld  ii  formed 
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ImC^st  ftut^i  f'/r  fluIUAg  thao  ww  cr  viater. 
Lmsx  nv^R  mniuai.  Mad  tht  gtntamtMm  ukin^pSMs 
in  lUfeb  ovw  iugood  qo^iitj  putlj  to  this  £mS. 
the  openti'/ni  </  waiting, 

Thtb  trmUatmi  id  tht  pmmUing  gnua  mpm  Um 
ecmstrj  »od  ia  North  Goniuaj  the  swolkn  faukj,  after  the 
in  mmdt  up  ioUj  heap*,  4  to  6  inthm  high,  aai  when  theee  hMT*  got  dzy  ob  the 
ther  an  tiirD«l  orer  io  order  to  leeue  aa  eqaal  umyttmimiti  of  10^-16=  aad  e^ 
Boiatiire  thrr/ogfaont  the  vbole  heap.  DircUj  the  gniaa  ezhiUt  a  wiiiiih  ptujeetiiB 
thejr  are  mad^  up  into  heapa.  12  to  14  inehea  high.  The  Tital  aetzritT  at  the  gniii 
eaoaae  a  riae  of  temperature  in  the  heapa.  and  vhen  it  haa  rieea  to  iir-tl^  tibe  •»• 
ealled  eweating  taken  place,  the  hand  beeooiing  mntar^wMid  when  thnvt  into  the  mtmL 
The  heape  are  now  ao  toroed  that  the  oppo'  and  lowar  \ajt,T%  tamt  bhx*  iaito  tht 
eentrii^  tne  middle  layer  >^ing  hrougfat  to  the  aor&ce  and  next  the  flooc  ao  aa  to  rfr- 
dace  it«  temperatiue.  .Should  the  grain  not  be  anlBrieBtly  moiaty  or  if  it  haa  bea  too 
•oddenlj  dried,  it  ia  then  carefdllj  moiatened  with  hihewaim  water. 

In  taming  awm  the  heapa  the  grain  geta  more  and  nose  ^»i«ad  oat.  Whoa  the 
plamalea  are  lofBeientlj  dereloped  the  malting  he^  ia  nead  out  in  a  heap,  4  indbts 
deep,  ao  aa  to  aroid  farther  limiting  of  the  graina,  and  allow  the  foither  dcveiopmeot 
of  the  germa  to  go  on  elowly.  'ukb  germinatioo  is  eonaidend  fnMplafa  whaa  the 
germa  m  the  eaae  of  bariej  have  attained  the  length  of  If-lf  of  the  octgnal  g^na. 

In  Bararia  the  following  plan  ia  anirenally  adopted.  The  ooftaDad  htsAaj  if 
aprtad  oat  upon  the  maltins  iloar  in  lerel  heape,  6  to  6  inehea  hig^i,  and  taned  ai 
often  aa  the  aoHaee  beeomea  dry,  whieh  takea  place  about  two  or  three  tuwa  daily.  The 
taming  ia  affected  with  a  flat  ahorel  in  each  a  way  that  the  lower  layer  ia  broacht  to 
thefoHboe  and  viae  vend.  The  graina  begin  to  geminate  in  two  or  tline  daya  aad  thai 
the  heap  ia  made  hi^^ier,  aboot  10  to  12  inehea,  and  left  until  the  tempcEatnaof  the  ia- 
terior  haa  attained  at  moat  26^  or  27^  and  a  atrong  sweating  appeara  on  the  sitCks. 
The  heap  is  then  again  tamed,  dirided  into  three  parte  ao  that  the  middle  or  warned 
part  of  it  is  brought  next  the  floor,  apon  it  what  waa  the  uppermoat  portion,  aad 
finally  upon  that  which  waa  lowest.  In  the  coarse  of  about  ten  hcvn  a  further  sweating 
takes  plaM^  and  a  further  tuming  of  the  heap  is  neeeaaazy.  After  three  turnings  ths 
germs  generally  attain  the  desird  length  of  half  an  inch,  and  the  grain  ia  again  spfead 
out.  The  heap  is  thus  reduced  3  to  4  inches  in  depth  and  the  operation  repeated  at 
often  as  is  necessary  to  avoid  any  farther  important  rise  of  temperatore.  The  proeesi 
is  geofrrally  complete  after  three  spreadings. 

During  the  warm  part  of  the  year  the  germination  lasts  on  an  arerage  ten  or 
twelve  days,  at  the  end  of  the  autumn  fourteen  days  to  three  weeks  are  neeeasary. 

To  prevent  further  growth  of  the  germs,  the  grain  is  removed  to  the  drying  floor, 
or,  as  the  case  may  be,  to  the  charring  floor.  The  drying  floor  is  a  spacious  airy  room, 
upon  the  floor  of  which  the  grain  is  spread  out  in  thin  layers,  and  turned  firom  tioMte 
time. 

The  loss  of  dry  substance  in  malting  is  about  3  per  cent.  A  considerable  quantitj 
of  carbonic  acid  is  given  off  daring  the  operation ;  well- ventilated  chambers  are  there- 
fore necessary  to  prevent  danger  to  the  workmen. 

The  change  which  takes  place  in  the  composition  of  grain  daring  malting  may  be 
seen  from  Haussure's  analysis  of  germinated  and  ungerminated  barlej. 


Starch 
Cellulose  . 
Sugar 
Dextrin    . 
Gluten  and  mucin 
Albumin  . 


QermiiMled 

727 
6-5 
2-4 
3*6 

11-8 
1-4 

66*8 
6-6 
61 
7-9 
7-6 
27 

The  subsequent  operations  depend  upon  whether  the  germinated  grain  is  to  be 
trmt<xl  for  air-dried  or  roasted  malt.  The  brewer  uaea  almost  exclusively  roeited 
malt,  but  some  kinds  of  beer  of  flne  quality  are  prepared  from  air-dbried  malt  alone. 

Malt  roasting. — The  object  of  roasting  malt  is  not  only  todry  it,  but  also  to  pro- 
duce empyreumatic  substances  which  influence  the  colour  and  taste  of  the  beer  breved 
from  it. 

^<;  roasting  must  be  so  conducted  that  the  malt  ia  uniformly  heated,  hot  at  the 
>^*8Uuung,  while  the  grain  is  yet  moist,  not  too  strongly,  so  m  to  avoid  fbnnatioB  of 
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nsta,  vhidi  upon  diyine  would  leMe  a  born;  nun  imparnons  to  ^nta.  ia  tooD 
hovcver  aa  the  malt  is  dry,  the  t«mpsmture  ii  nused  to  90°  or  STen  10D°.  sioee  at 
thia  Mmpentora  diwtose  do  loDget  itcta  upon  the  etaich  eieapt  hi  the  preeence  of 
nter,  nor  is  it  itaslf  decomposed. 

The  kilns  used  for  roosdng  melt  air  known  as  smoke  kilns,  air  kilns,  and  sl«am 
kilns. 

Aimokekilnofold  constmction,  bat  vhteh  is  in  use  at  the  present  day,  eon- 
■iatB  of  a  hotisuital  perforatad  metiil  plate  or  wirewoTS  frame  of  mpper  or  iron  wire, 
IS  to  20  fei't  long,  the  holes  or  inUretioes  in  which  must  be  small  enongb  to  prevent 
the  graio  flipping  through.    The  roasling  plate  is  supported  by  croae  beams  and  iron 

C'"  uB,  the  whole  being  mounted  upon  bnckwoik  namiwing  towaida  its  lower  end. 
hot  air  &om  the  fire  puses  through  the  futons  in  the  phite  iulo  the  lower  part 
i>f  the  kiln,  where  it  mixes  with  oold  air  tdmittad  &om  oatnde,  the  rate  of  trans- 
nusnon  of  which  can  ba  regulated  so  as  to  lower  or  raise  the  temperature  as  maj  be 
nqiured. 

The  most  suitable  fuel  for  these  kilns  is  that  which  yields  as  little  smoke  aa  pos- 
sible :  dr;  eoal,  or  what  is  etill  better,  the  beat  quality  of  ooke  is  the  moat  coDVenient 
foeL  If  wood,  brown  a»l,  or  turf  be  need,  the  malt  would  acqoire  a  dtuier  colonr 
and  a  smoky  taste  which  afterwaids  passes  into  the  beer. 

In  air  kilns  the  roaating  plaU  is  heated  by  hot  air,  whioh  ia  admitted  below  or 
prodncHl  in  the  lower  pan  of  the  roasting  chamber  by  heating  tnbsa  through  which 
hot  air  from  a  furnace  is  made  to  pass. 

Xhe  Orerbeck  kitn,  with  a  new  oombination  of  roasting  plate,  is  tepreaented  bj 

flg.6S7.   Each  of  the  three  8U>riee(iBC)  consists  of  three  endlend  "  

a  pair  of  rollers.  The  malt  la  carried  along  upon 
tlie  cloths  in  an  upward  direetioQ ;  the  cloths 
themselTes  are  made  of  material  spedallj  con- 
•tencted  for  the  porpoee,  and  are  ftimisQed  at 
the  aidea  with  edges  bent  at  rjgkt  angles,  to 
prerent  the  malt  falling  out  The  texture  of 
the  cloths  is  such  as  to  enable  thrm  to  bear  the 
cooUnnal  bending  and  stretohing  to  which  they 
are  sul^jected  without  injury.  Between  the 
roaating  cloths  of  the  two  upper  stonea  are 
'■,b;  which  the  malt  falling 


ranniognpon 


1  the  higheai 


e  highest  parte  of  the  wire  cloths  19 
thrown  aboat  3  feet  high  against  a  peeuliarly 
bent  metal  coTer,  which  then  conducts  it  to  th'' 
beginning  of  the  cloth  next  following;  in  succe> 
sion.  Al  the  end  of  the  floors  where  at  a  and  h 
the  malt  blla  from  a  height  of  9  feet  upon  thp 
hurdle  beneath,  hb  well  aa  betwem  the  cloths  of 
the  lower  stories,  turning  arrangements  havr 
been  found  to  be  superfluoua.  The  way  m 
which  thia  turning  apparatua  works  is  of  great 
utility  in  brewing,  since  not  only  is  the  mixture 
of  green  malt  and  germs  completal;  aeparated 
bnt  the  malt  is  mixed  at  ref^uar  interntU  the 
iodiridnal  grains  being  projected  through  the 
ur,  forming  upon  falling  layers  of  malt  of  the 
same  evenness  and  equity  of  depth  as  they 
passed  from  the  feeding  hopper  (■).  The  most 
practdaed  handa  are  not  able  to  turn  the  msit 
vith  anything  like  the  regularity  eflli'ctFd  by 
ihia  sppantns.  By  means  of  special  simpli 
contrivanees,  consiating  in  bringing  rims  along 
the  edges  of  thechambera.  the  roaating  chambers 
are  so  thoronghly  closed  (hat  hot  air  from  '* 
furnace  (a)  is  compelled  to  pass  over  the  i 
Aa  a  rule,  the  nuilt  takes  about  two  and  a  half  t'ra.  687. 

honia  to  paas  over  the  first  roaster,  completing 

the  aecDud  one  in  about  three  and  a  quarter  hours,  and  the  lowest  in  about  four  hours. 
Thia  different  ratio  of  time  admits  of  an  almost  eqnal  spreading  of  malt  in  all  three 
stDTiFs,  since  the  rolume  of  malt  dimJuiaheK  in  drying  in  about  an  inrerm  raUo.  The 
roastiiig process  is  generally  complete  in  nbout  ten  bours;  it  admits  howerer of  bsing 
lengthened  or  shortened  bv  altering  the  drinng  bell*.  After  paaaing  the  laat 
chamber,  the  malt  Snally  &Ils  upon  a  tmTelling  bad  (ji),  which  remores  It  fh>m  tha 


UIb.    Iba  kilD  admits  of  b«niig  woiked  hj  one  nun,  ud  |_ 
qnuiritMiTe  aod  qnalituire. 

Figt.  SBBaDd  689  raprMtnt  »n  tit  kiln  of  Swnwnrf  eonBtrnctiwi,  inwbiefa  thn  hintini; 
iirflsctad  ciUierbf  wsitcbotaicfnjm  tbebailn«,(iTbTiiieaii>of>praalhwtiDgainiig»- 


int.    A  couple  of  toullng  plates  are  placed  one  above  tlie  other,  an  alUrBtioi  vhick 
£  recentiy  Wen  iraicii  intiodiiced  id  the  air  kihu.    The  upper  plate  is  for  dijiMt 


DRYING  MALT.  945 

the  lower  one  for  the  actual  roasting  process,  a  is  a  common  chimney  for  hot  air  from 
the  boilers  and  kiln  fire,  x  a  fire-proof  wall,  b  an  iron  cylinder  into  which  passes  the 
hot  air  of  a  special  oven  (c),  or  the  hot  air  escaping  from  the  boilers  is  conducted 
by  means  of  the  fine  (d)  which  is  furnished  with  a  valve  (a)  for  turning  the  hot  air 
into  the  cylinder  (b)  or  the  chimney  (a^.  At  a  distance  of  4  or  5  inches  the  cylinder 
B  is  surrounded  by  a  casing  of  fire  bnck  dosed  above,  and  communicating  with  the 
lower  part  of  the  roasting  chamber  by  a  number  of  flues.  A  hollow  space  formed  by 
the  casing  of  the  oven  (c)  communicates  with  this  series  of  flues ;  cold  air  firom  outside 
passes  through  the  side  apertures  (c  c),  beneath  the  heating  tubes  (b  6),  and  from 
thence  beneath  the  roasting  plat^*.  The  heating  or  smoke  tubes  {b  b)  extend  from  the 
cylinder  (b)  through  the  roasting  chamber,  and  join  again  in  the  cnimney  (j),  which 
conducts  the  gases  into  thd  air  t^ugh  the  steam  pipe  (a),  and  at  the  same  time  by  its 
heat  promotes  the  quick  evaporation  of  moisture  m>m  the  kiln.  There  is  also  another 
series  of  flues  (d  d)  through  which  air  heated  at  the  outside  of  the  (^linder  (b)  by  the 
oven  (c)  is  at  once  conducted  to  the  roasting  plate.  The  hot  air  rises  from  it 
through  slits  which  increase  in  width  with  their  distance  from  the  cylinder  b  and  the 
furnace  c,  so  as  to  obtain  as  great  an  equality  as  possible,  f  and  b  are  the  two  roast- 
ing  plates. 

In  the  steam  'dins  the  air  conducted  beneath  the  roasting  plate  is  heated  by 
making  superheated  steam  circulate  in  iron  or  copper  tubes  in  the  lowest  part  of  the 
roasting  chamber.  This  kind  of  kiln  is  only  fit  for  preparing  a  pale  kind  of  malt,  and 
is  little  employed. 

The  mslt  is  spread  out  on  the  several  roasting  plates  in  layers  about  8  to  5  inches 
deep,  a  little  shallower  in  the  case  of  double  roasting  plates  than  where  simple  roasting 
plates  are  used,  since  otherwise  the  draught  would  be  insufficient.  For  the  reason 
already  given,  the  temperature  before  the  water  has  been  got  rid  of  requires  to  be  very 
moderate ;  it  ought  not  to  exceed  60^.  Subsequently  the  temperature  is  raised  to  90*^ 
and  100^,  in  Bavaria  indeed  to  120*^  and  still  nigher.  The  temperature  is  regulated 
according  to  the  degree  of  roasting  desired :  for  pale  malt  and  that  used  in  distilleries 
the  roasting  temperature  is  not  allowed  to  exceed  60^. 

As  already  mentioned,  beer  is  also  prepared  from  air-dried  malt.  As  a  rule  the 
colour  of  beer  depends  upon  the  duration  of  the  roastinff,  and  the  temperature  at 
which  it  is  carried  out ;  Uie  longer  the  roasting  process,  and  the  higher  the  tempera- 
ture, the  greater  is  the  proportion  of  dextrin  formed  and  the  darker  is  the  beer.  It  is 
now  very  usual  to  impart  to  beer  a  dark  brown  colour  by  adding  strongly  roasted 
malt  or  sugar  to  the  wort  prepared  from  pale  malt.  • 

Working  with  a  kiln  with  a  simple  roasting  plate,  the  proportion  of  malt  daily 
roasted  is  reckoned  for  every  100  square  feet  roasting  sur&oe  as  follows :  once  empty- 
ing, about  4  cwts. ;  twice  emptying,  about  6  cwts. ;  three  times  emptying,  8  to  10  cwts. 

The  removal  of  the  shoots  or  comings  must  follow  directly  after  the  roasting, 
since  they  absorb  moisture  upon  keeping,  lose  their  brittleness,  and  become  after- 
wards hard  to  remove.  The  removal  is  necessary,  because  they  contain  no  constituents 
essential  to  beer,  and  they  would  increase  the  volume  cf  the  malt  without  im- 
proving it,  and  would  furthermore  render  the  beer  liable  to  turn  sour. 

The  methods  of  removing  the  comings  are  very  various.  An  old  plan  which  is 
still  much  in  use  consists  in  treading  the  roasted  malt  with  the  feet  and  then  passing 
it  through  sieves.  This  method,  however,  involves  the  loss  of  a  good  deal  of  malt. 
A  newer  method  consists  in  passing  the  freshly  roasted  malt  through  a  sieve  drum,  to 
the  axis  of  which  arms  furnished  with  brushes  are  attached,  and  finally  through  a 
winnowing  machine.  In  the  former  the  comings  are  broken  off  by  the  motion  of  the 
drum  and  the  brushes,  and  in  the  second  they  are  separated  from  the  malt  gndi  s. 
Drums,  with  .pieces  of  metal  attached  to  the  sides,  by  means  of  which  the  grains  are 
raised  and  thrown  down  upon  the  axle  of  the  drum,  are  also  in  use  for  effecting 
separation. 

The  comings  amount  to  about  3  per  cent,  of  the  entire  weight  of  the  malt,  and 
they  are  used  either  for  fodder  or  manure.  Including  this  3  per  cent,  the  total  less 
during  malting  amounts  to  about  8  or  10  per  cent,  of  the  dry  substance  of  the  grain 
employed.    Besides  this,  the  loss  of  moisture  amounts  to  about  10  or  12  per  cent. 

According  to  the  recent  researches  of  John,  the  loss  of  dry  substance  m  malting  is 
still  more  considerable,  100  parts  of  dry  barley  yielding — 

Malt  (excluding  plumules  and  radicles)  .                 .  88*09  85*88 

Plumules 3'66  3*09 

Radicles 4*99  4*65 

Evolved  as  gas 8*36  6*38 

100*00  lOO-OP 
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Brnisi  ng. — ^Bfalt  oontaiiui  about  two-thiicU  of  itf  weight  of  soluble  sabetaneee.  In 
order  to  facilitate  the  solution  of  these  substances,  it  is  fint  of  all  necessary  to  break 
the  malt  grains,  a  process  known  as  malt  bruising.  In  this  operation  the  malt  grains 
are  rather  crushed  than  ground,  the  husks  being  thus  remoYed,  but  not  szonnd  up. 
The  malt»  before  being  submitted  to  the  bruising  process,  is  moistened  eiUier  bj  ex- 
posing it  to  the  air  and  allowing  it  to  absorb  moisture  naturally,  or  it  is  spruUad 
over  with  from  7  to  10  per  cent,  of  water.  Millstones  or  iron  rollers  are  used  in 
malt  bruising,  care  being  taken  that  they  are  not  set  too  near  one  another,  but  so  Un 
apart  as  to  crush  without  pulverising  the  malt. 

The  bruising  mills  consist  of  a  couple  of  smooth  cast-iron  rollers  of  diifisirent 
diameter  revolving  in  opposite  directions,  the  malt  being  passed  to  them  l^  means  of 
a  sloping  perforated  plate  of  sheet  iron,  through  which  dust  and  fragments  of  <v^™ity 
fiill  into  suitable  receptacles.  At  the  extremity  of  the  plate,  idiere  the  malt  ^Sm 
over,  revolves  a  wooden  roller,  the  periphery  of  idiich  is  ftirnished  lengthwise  widi 
knife  blades  just  long  enough  to  touch  the  iron  plates.  A  slow  motion  being  given 
to  this  drum,  the  knife  blades  push  forward  jusc  enough  malt  to  feed  the  mill,  so  that 
the  latter  can  never  get  over-filled.  The  whole  is  surrounded  by  a  wooden  easing 
narrowed  ieneath  the  rollers  to  the  shape  of  a  funnel,  through  which  the  braised  malt 
&lls  either  into  some  vessel  for  collecting  it  or  direct  into  the  mash  tub. 

The  moistening  causes  an  increase  of  16  per  cent,  in  the  volume  of  the  malt,  and 
the  bruising  a  furUier  increase  of  16-18  per  cent 

The  composition  of  malt  is  shown  by  the  following  analyses  by  Ondemamis : 


Starch 
Sugar 
Dextrin 
Caramel 
Cellulose 
Albumin 
Fat    . 
Ash    . 


FSle 

StnoffU 

roMtedmslt 

loestod  malt 

68*6 

47-6 

0-7 

M 

6*6 

10-a 

73 

140 

10*8 

11-5 

10-4 

10-6 

2*4 

2-6 

2-7 

2-7 

In  this  country  malt  is  generally  prepared  in  buildings  especially  erected  for  that 
purpose  situated  in  grain  districts,  the  owners  of  such  malt  loins  selling  the  malt  to 
the  brewer;  but  in  Germany  and  France  malting  is  carried  on  for  the  most  part  in  the 
breweries.    Recently  the  ^iglish  system  has  been  partly  adopted  in  Germany. 

In  this  place  may  be  mentioned  Fleck's  process  of  preparing  malt  without  genni- 
nation,  which  consists  essentially  in  treating  barley  with  dilute  (1  per  cent.)  mineral 
acids,  those  most  adapted  for  the  purpose  being  siUphuric  acid  and  nitric  aoid.  In 
this  process  care  must  be  taken  to  avoid  the  use  of  more  liquid  than  is  absolutely 
necessary,  as  what  is  called  glass  malt  is  apt  to  be  produced  in  the  subsequent  opera- 
tion of  roasting.  For  complete  softening  100  parts  of  barley  would  require  80  parts 
of  acidulated  water,  but  complete  softening  is  not  allowed.  The  conversion  of  starch 
into  sugar  by  means  of  acidulated  water  is  accelerated  by  gentle  heating.  After 
heating  50  parts  of  barley  and  SO  parts  of  acidulated  water,  containing  1  per  cent 
of  sulphuric  add,  for  seventy-two  hours  over  a  water  bath  at  a  temperature  of  40^,  the 
conversion  of  the  starch  is  so  feir  complete  that  after  drying  and  roasting  good  malt 
is  obtained. 

A  disadvantage  attending  this  process  consists  in  the  loss  of  phosphoric  arid,  it 
being  replaced  by  the  mineral  add  and  passing  into  solution.  On  the  other  hand, 
the  loss  of  starch  (sugar)  and  of  organic  substances  in  general  is  considerably  len 
than  in  the  germinating  process,  since  the  change  effected  by  mineral  acids  is  not 
accompanied  by  the  formation  of  shoots. 

Brewing. — In  making  beer  from  malt,  the  first  consideration  is  the  oonverrioin  of 
the  starch  still  contained  in  the  malt  into  dextrin  and  sugar,  then  the  fermentation 
of  this  sugar,  and  its  conversion  into  alcohol  and  carbonic  acid.  Beer  brewing 
comprises  the  following  operations  : — 1.  Mashing  and  solution  of  soluble  extractive 
constituents.  2.  Boiling  and  hopping  of  the  wort  3.  Cooling  of  the  wort  4. 
Fermentation  of  the  wort. 

1.  Mashing. — The  oHect  of  mashing  is  to  convert  the  starch  still  contained 
in  the  bruised  malt  into  dextrin  and  sugar  b^  the  action  of  the  diastase.  This 
eonveision  is  effedoi  b^  atirring  up  the  malt  with  warm  water,  in  which  the  *^«nTtit* 
disaolvee  and  tYitii  acU  ^ym  ^^  «XAxO(i.   '^^  tAm^mture  at  which  the  m^^h^fig  is 
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cuidnctad  is  of  gn»t  mflnance  upon  the  rapidity  of  the  maahmg  proeeu,  SchmRu'l 
namrrhiin  hnve  proved  that  diastase,  vheo  bested  sbove  B5°,  is  giadu&llv  decom- 
posed, and  is  then  no  longer  capable  of  converting  Btsrch  into  sugar  and  dextrin. 
Haoee  when  it  is  desired  to  mssh  wiUi  as  tittle  malt  (diastase)  as  possible  a  tempo- 
latuce  of  60°  or  06°  most  not  be  exceeded.  When,  havevar,  a  quii^  conversion  of 
starch  into  sngar  is  desired,  tlie  masliiiig  temperature  is  alloved  to  come  us  high  as  76°, 
although  at  t£is  tempacatuie  a  coosiderabte  loss  of  diastase  ensues,  and  conseqnsiiUj 
mors  malt  is  rsqnired.  The  mashing  tamperatora  is  further  of  oonddeiabie  ii^aencB 
npon  the  proportion  of  sugar  and  deitnn  produced.  At  all  tempentnres  &om  SD° 
down  to  0°  iFhateTer  the  qtiantitj  of  diastase  nsad,  then  is  alirajs  produced  troai  GO 
to  63  per  cent,  of  sngar  &om  the  staich  extract.  At  highar  tempentuiM  propor- 
tionallj  less  sngar  and  dextrin  is  formed. 

It  IS  a  matter  of  importance  in  mashing  that  the  water  sbonld  come  into  intimate 
contact  with  tbs  Btarcb  of  the  braised  malt,  both  to  disvolve  t^e  Bogar  formed  and  to 
secure  Uie  complete  action  of  the  diastase. 

According  to  the  waj  in  which  the  mjjliiTi*  ;■  efikcted  two  distinct  opentiODs 
maj  be  distingniabed — the  inftision  method,  and  the  decocUon  method. 

The  mash  tuns  are  large  round  or  sqnare  tubs  with  double  bottoms,  genaiall;  made 
of  oak,  Bometimei  of  iron  or  stone.  The  upper  bottoma  set  a  few  inches  above  the 
lower  ones  are  perforated,  and  thej  are  generallj  made  of  wood,  althoDgb  oopper  or 
iron  is  preferable,  since  metallic  bottoms  allow  of  finer  perforations  than  wooden  ones, 
tlins  rendering  a  more  complete  eeparation  of  the  malt  residue  from  the  wort  possible. 
Between  the  two  bottoms  is  a  tap  for  ronning  off  tbe  liquor  passing  through  tha 
perforated  bottom.  A  tube  let  in  below  feeds  tbe  tub  with  not  water.  A  more 
recMit  construction  does  away  with  falae  bottoms,  instead  of  which  strips  of  metal 
giBting  are  let  in  with  chsniiels  beneath  them  for  conducting  away  the  liquor. 

The  stirring  of  the  masL  in  the  mash  tun  was  formerly  always  etfected  with  an 
iron  rake.  At  the  Resent  tjmo,  it  is  more  frequently  effected  by  machinaiy,  eopeci- 
allj  in  laige  biewenes. 


Via.  690. 

Ilg.  490  represents  a  masb  tun  with  stirring  apparatus.  The  tun  itself  (a  a)  is 
made  of  wooden  staves  hooped  together.  In  the  centre  ie  Bxed  a  perpendicular 
shaft  {i  i),  which  can  be  reyolved  slowly  by  the  bevelled  wheels  (( u)  at  the  top. 
From  one  side  of  this  shaft  project  two  arms  (a  c),  attached  to  tbe  spur-wheel  (to), 
and  cariTing  at  tbe  other  extremity  a  ehafl  (d)  which  ia  fiimished  with  a   number  of 

LB  (s  «)  placed  obliquely  and  made  to  revolve  b;  the  wheel  (z),  ai 


shaft  IB  tamed,  these  ai 
from  the  bottom. 

Anothorform  of  masb  t 
are  turned  by  the  pnlli^  < 
Outnde  the  lower  part  o 


r  the  malt  ii 


I  is  mpwaented  by  flg.  flOI.    The  itirrers  (a  and  b) 


ins  iofflrient  frtf  (pac«  for  beating  the  maih  in  itbj  oprnung  the  itaun 
steun  pwiog  to  the  pMU  thnnigh  the  thIvs  (m)  or  eseapina  tbroogh  th« 
most  caMB,  howevet,  thta  HirfinjwmBnt  foe  Trarmitig  th*  madi  tun  is  omitl 


«o<±(o),U» 
e(iek(r).    In 
omitted. 


Above  the  ma«h  t 
eslirel;  covered. 

Beneath  the  m    '   ' 


B  often  fltt«d  a,  movable  lid  tij  which  it  maj  be  poitly  v 
n  raMrToiT(K)  called  the  anderbaek,  for  the  TM^fiuon 


haa  been  adopted  in  a  number  of  breweries.  It  conaista  of  a  hocizonUU  iron  (^lindei 
S^  feet  long  and  1^  to  1  foot  in  diameter,  one  end  of  vhieh  is  completely  eloam  with 
au  iroti  plate,  the  other  eitremit;  partlj  so.  A  apiral  abaft  fnmiahsd  with  kniTCi 
paaaea  along  the  interior  of  the  cylinder,  and  ia  aet  in  motion  when  the  cylinder  ia  in 
use.  Bruised  malt  and  water  are  thrown  in  together  through  a  wide  tube  txiwaldi 
the  closed  end  of  the  cylinder,  and  having  been  well  worked  up  together  by  the 
slirrpr,  fall  out  into  the  maab  tun  at  the  other  end  of  the  cylinder,  the  upper  hklf  of 
which  only  ia  closed. 

The  brewing  rata  aerve  either  for  heating  ml«r  »nd  wort,  or  for  boiling  and 
hopping,  or  the  two  operations  are  carried  ont  in  separate  veaaela.  In  the  latler  cue 
the  moah  tun  is  made  somewhat  larger  than  the  brewing  vat. 

The  brewing  vessela  are  round  with  Sat  bottoms,  and  are  generaUy  made  of  copper, 
although  recently  iron  has  been  aiied  in  their  conatructJan.  The  hot  air  dreiilatel 
round  and  below  them. 

A  matter  of  great  importance  in  the  production  of  a  good  wort  is  the  tampeimtnre 
at  which  the  maahing  is  carried  on.  The  proper  maahing  tempetatOM,  i.v.  tiie  to- 
perature  moat  fiivonrable  for  the  action  of  diastase  upon  stnreh,  is  between  S6°  and 
76° ;  it  is  not  advisable  however  to  start  with  this  temperature,  but  the  maah  should 
be  gradually  heated  to  it,  the  rise  of  temperature  being  made  slower  when  woAiig 
with  slightly  roasted  malt  than  when  strongly  roasted  malt  is  operated  upon. 

Infusion  method. — This  method,  which  ia  adopted  in  thiscoontnandin  Franer, 
and  to  some  extent  in  Germany,  is  as  follows: — Directly  the  malt  is  placed  upon  the 
perforated  hotlom  of  the  mash  tun  a  qnantity  of  water  at  a  lemperatnre  of  60°,  equal 
to  about  one  and  a  half  times  the  weight  of  the  malt,  is  passed  into  the  mash  tun 
from  beluv.  the  whole  being  well  stirred  by  some  suitable  ariangeaieiit,  and  thm 
allowed  tostandabout  half  an  bour,sOB8  to  secure  the  penetration  of  the  water.  A&nh 
quantity  of  water  at  a  temperature  of  S<l°  is  then  run  in,  so  as  to  raise  the  whole  t* 
T0°-7fi  .  Afler  again  well  stirring,  the  mash  tun  ia  covered  and  left  quiet  for  abont 
three  honra,  during  wbieh  time  the  diastase  nets  upon  the  starch,  forming  sugar  and 
dextrin.  Upon  opening  a  cock,  the  liquid  or  wort  passes  through  the  perfonted 
bottom  of  the  maah  tun  into  the  wort  reservoir  or  nnderback,  ttvm  whence  it  is 
pumped  into  the  eofiper,  or  in  some  cases,  as  above  mentioned,  it  ia  pontped  at  odw 
into  the  oojipei. 
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The  first  extraction  withdraws  from  malt  about  three-fifths  of  its  soluble  con- 
stitucDts,  but  a  portion  still  remains  with  water  in  the  malt  grains :  100  lbs.  of  malt 
retaining  from  100-120  lbs.  of  water.  In  order  therefore  to  extract  the  malt,  as  wdl 
as  to  render  soluble  the  still  undissolved  farinaceous  constituents,  the  residue  is 
treated  with  about  half  the  quantity  of  water  employed  in  the  first  instance  at  a  tem- 
perature  of  SO*',  again  mash^  and  after  standing  an  hour,  during  which  time  the  last 
portion  of  starch  is  converted  into  sugar,  the  wort  is  run  o£f  and  mixed  with  the 
results  of  the  first  mashing. 

The  boiling  method. — This  method  is  especially  adopted  in  Bavaria  and  neigh- 
bouring parts.  The  bruised  malt  is  first  of  all  made  into  a  paste,  in  the  mash  tun, 
with  a  small  quantity  of  cold  water.  After  four  to  six  hours,  another  portion  of  water 
is  heated  in  the  copper  to  boiling,  and  gradually  run  into  the  mash  tun  until  the 
liquid  has  attained  a  temperature  of  30^-36*'.  Aner  a  short  time  the  thicker  portion 
of  the  liquid  is  brought  into  the  brewing  vat,  where  it  is  boiled  under  constant  stirring 
for  half  an  hour  or  an  hour,  and  then  again  run  into  the  mash  tun,  raising  the  tem- 
perature to  65°.  After  protracted  mashing,  another  portion  of  the  mash  is  brought 
into  the  vat,  again  boilea,  and  this  second  thick  mash  is  returned,  by  which  the  tem- 
perature of  the  contents  of  the  mash  tun  are  raised  to  70°.  The  clear  mash  is  then 
run  o£f  throagh  the  perforated  bottom  of  the  mash  tun,  brought  into  the  boiling  vat, 
where  it  is  boiled  for  a  quarter  of  an  hour,  and  then  again  run  into  the  mash  tun,  the 
temperature  of  the  latter  being  thus  raised  to  75°.  After  protracted  stirring  the  mash 
tun  IS  covered,  and  its  contents  are  left  quiet  for  one  to  one  and  a  half  hours ;  the 
west  is  then  run  off  through  the  perforated  bottom. 

Augsburg  method. — The  essential  difference  between  this  and  the  foregoing 
method  consists  in  the  liquor  yielded  in  the  first  mashing  with  cold  water  being  run  off 
through  the  perforated  bottom  into  the  under  back.  This  liquor,  called  kaltorsatz, 
contains  a  considerable  quantity  of  dissolved  albumen.  A  portion  of  it  is  mixed  with 
the  water  to  be  heated  in  the  copper,  and  boiled  for  half  an  hour.  The  albumen  co- 
agulating rises  to  the  surface  and  carries  with  it  mechanically  the  impurities  of  the 
water,  which  can  then  be  readily  removed.  The  clarified  water  is  now  brought  into 
the  miash  tun  so  as  to  raise  the  temperature  of  the  latter  to  65°  ;  a  mashing  is  made, 
and  the  whole  left  to  stand  for  a  quarter  of  an  hour ;  the  wort  is  then  drawn  off  and 
brought  with  the  remainder  of  the  cold  mixture  into  the  vat.  From  the  dear  wort 
thus  obtained,  a  quantity  equal  to  about  ten  gallons  for  every  hundredweight  of  bruised 
malt  employed  is  drawn  off  and  cooled.  This  liquor — w  armersat  z — is  added  to  the 
wort  in  the  subsequent  operation  of  boiling  and  hopping,  by  which  means  a  mild  and 
bzi^t  beer  is  said  to  be  produced. 

In  the  Franconian,  also  known  as  the  Bamberg  method,  the  bruised  malt  is 
gradually  mixed  in  the  mash  tun  with  water  at  a  temperature  of  80°,  a  mash  being 
obtained  of  about  60°  or  63°.  After  well  stirring  up  and  allowing  to  stand  a  short 
time,  the  wort  is  drawn  off  and  boiled,  and  again  brought  into  the  mash  tun,  by 
which  means  the  temperature  of  the  latter  rises  to  75°,  again  mashed,  and  the  whole 
allowed  to  stand  for  one  hour. 

The  quantity  of  water  used  in  mashing  varies  with  the  district  Jh  Old  Bavaria 
the  quantity  of  water  used  amounts  to  about  eight  times  the  weight  of  the  malt,  while 
in  the  Augsburg  and  Franconian  methods  the  proportion  of  water  is  from  six  to  seven 
times  the  weight  of  the  malt. 

In  the  Bohemian  method  four-fifths  of  the  water  to  bo  used  is  brought  into  the 
mashing  tun,  previously  heated,  in  summer  to  32°  and  in  winter  to  40° ;  the  malt  is 
mashed  and  stirred,  and  then  the  remainder  of  the  water,  with  the  exception  of  about 
one-thirteenth  part  of  the  whole,  which  has  meanwhile  been  heated  to  boiling,  is 
added.  After  vigorous  stirring  the  thick  mash  is  withdrawn,  boiled  in  the  copper 
during  thirtv  minutes,  again  returned  and  stirred.  Thia  operation  is  repeated  twice, 
but  the  boilmg  on  the  second  occasion  is  only  continued  for  twenty-five  minutes,  and 
on  the  third  for  twenty  minutes.  The  temperature  of  the  mash  has  by  this  time 
reached  75°.  The  small  quantity  of  water  reserved  is  then  heated  to  boiling,  and 
wort  is  added  to  it  until  it  shows  signs  of  turbidity ;  the  mixture  is  then  boiled  and 
added  to  that  in  the  tun.  After  standing  from  half  an  hour  to  an  hour  the  wort  is 
drawn  off. 

The  preparation  of  the  wort  for  tbo  Berlin  white  beer  is  described  by  Stahl- 
schmidt :  36  bushels  of  crushed  malt  are  mashed  with  225  gallons  of  water  at  the 
ordinary  temperature,  and  then  scalded  with  750  gallons  of  water  sufficiently  hot  to 
raise  the  temperature  of  the  whole  mash  to  about  35°  or  40°.  From  this  200  gallons 
of  clear  nuish  are  taken  and  boiled  in  the  copper  with  the  hops  for  a  quarter  of  an 
hour,  ^  lb.  to  1  lb.  of  hops  being  taken  for  each  bushel  of  malt ;  it  is  then  returned  to 
the  mashing  tun  and  well  mashed.    360  gallons  are  then  drawn  off,  boiled  in  the 
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topper,  and  returned  and  thoroughly  mashed.  Finally,  another  460  gallons  of  dear 
Hash  is  withdrawn,  heated  to  bouing,  and  then  brought  into  the  straining  Tat,  wMdi 
osnally  has  a  wooden  straining  bottom,  generally  covered  with  straw.  The  inter- 
snicc  between  the  perforated  bottom  and  the  true  is  also  lined  with  straw.  After  the 
clear  mash  has  been  brought  into  the  straining  vat,  the  remaining  thick  mash  from 
the  mtif^hing  tun  is  added,  taking  care  that  the  thick  mass  of  crashed  malt  is  first  in- 
troduced. The  flrreater  part  of  the  hot  cloar  mash  collects  in  the  space  under  tba 
false  bottom,  and  warms  the  vat  and  also  the  added  mash,  so  that  the  whole  is  heated 
to  70^.  The  mash  remains  in  the  straining  vat  an  hour  or  an  hour  and  a  halt  and  is 
then  clarified,  .the  residue  being  treated  with  warm  water.  Both  worts  are  at  once 
brought  into  the  cooling  vessel. 

^e  wort  obtained  by  the  infusion  method  is  rich  in  sugar,  consequently  yielding 
an  alcoholic  beer,  which  however  does  not  keep  so  well.  By  the  decoction  method, 
the  solution  and  separation  of  the  wort  is  facilitated  and  accelerated  by  the  boiling, 
but  at  the  same  time  the  action  of  the  diastase  is  partially  impeded,  so  that  the 
greater  part  of  the  starch  is  only  converted  into  dextrin.  A  wort  is  consequently  ob- 
tained containing  much  dextrin,  and  but  little  sugar  and  nitroeenous  compounds, 
which  yields  a  weaker  kind  of  beer,  but  one  that  keeps  well ;  the  dextrin  in  this  beer 
also  determining  the  retention  of  carbonic  acid,  and  its  gradual  evolution. 

In  whatever  way  the  wort  may  be  produced,  a  small  quantity  of  extract  is  always 
rstained  in  the  grains.  In  order  to  recover  this,  after  the  removal  of  the  upper 
dough-like  mass,  fresh  water  may  be  added,  and  the  resulting  thin  wort  may  be  used 
in  the  mashing  of  fresh  malt,  in  the  preparation  of  small  beer,  or  in  the  manufacture 
of  brandy  or  vinegar. 

The  residue,  when  exhausted  as  much  as  possible,  contains  the  husks,  nitrogeDons 
constituents,  fat,  a  small  quantity  of  starch,  calcium  phosphate,  and  other  salts,  to- 
gether with  fh)m  60  to  80  per  cent,  of  water. 

The  strength  of  the  wort  varies  according  to  the  strength  of  the  beer  to  be  pro- 
duced ;  it  having  a  sp.  gr.  of  1*056  to  1*070  for  strong  beer,  and  less,  as  low  as  1*020. 
for  weak  beer.  The  quantity  of  extract  obtained  from  the  crashed  malt  variei 
according  to  the  quality  and  preparation  of  the  raw  materiaL  It  ranges  ordinarily 
between  56  and  66  per  cent,  of  the  weight  of  the  malt;  sometimes  however  it  amounti 
to  70  per  cent. 

An  addition  of  amylaceous  material  may  be  made  to  the  malt  during  mashing,  as 
the  quantity  of  diastase  contained  in  th0  malt  is  so  large  that  it  is  capable  of  convert^ 
ing  into  sugar  and  dextrin  considerably  more  starch  Uian  is  contained  in  the  malt 
itself.  In  this  resjpect  potatoes  are  especially  important,  but  the  starch  should  be 
separated  before  it  is  added  to  the  mash. 

According  to  Siemens,  in  the  Hohenheim  brewery,  100  parts  of  potato  are  sub- 
stituted for  26  parts  of  malt ;  and  this  quantity  yields  about  16  parts  of  extract.  In 
the  preparation  of  six  barrels  of  beer,  450  to  500  lbs.  of  malt  are  used  with  900  to 
1000  lbs.  of  potatoes,  or  the  amount  of  starch  to  be  obtained  from  that  quantity  of 
potatoes,  when  the  potatoes  themselves  are  used,  they  are  first  converted  into  a 
paste,  which  is  stirred  and  washed  with  fresh  water. 

Al>out  two-thirds  of  the  entire  quantity  of  water  to  be  used,  previously  heated  to 
H0°  or  90^,  is  brought  into  the  mashing  tun  ;  then  five-ninths  of  the  malt,  moderately 
dried,  is  added ;  next  the  potato  paste  or  the  starch  representing  it,  and  the  whole  b 
stirred.  The  temperature  of  the  mash  is  now  brought  to  60°  or  66°,  and  maintained 
at  that  point  until  the  starch  is  converted  into  sugar  and  dextrin ;  the  mash  is  then 
boiled  until  it  becomes  clear,  which  takes  place  more  quickly  when  starch  is  used  than 
with  potatoes.  Meanwhile,  the  remaining  four-ninths  of  the  crushed  malt,  in  a 
strongly  dried  condition,  is  mixed  with  the  remainder  of  the  water  in  the  mafshiog 
tun ;  to  this  the  boiling  thick  mash  is  added,  and  the  whole  vigorously  stirred  and- 
then  allowed  to  stand  for  an  hour  or  an  hour  and  a  half.  The  residuary  grains  are 
afterwards  agjain  exhausted  with  hot  water. 

The  constituents  of  the  wort  obtained  according  to  different  methods  are  shown  in 
the  following  table,  according  to  the  results  obtain^  by  Gschwandler : — 


Sugar 
Dextrin 

Nitrogenous  iimtt^jr 
Other  constituents 


Decoction 


4*85 
6*24 
0*79 
0*41 


Satz 
method 


4*37 
7*61 

006 


In 


6*26 
6*68 

0*70 


with  10  1 
peroeDt.  j 
ofiterch.  I 


6*31 
623 
0-67 
0*23 


BOILING   THE  WORT. 


In  German;  the  boiling  and  bopping  of  th 
b>nl«n  or  paiu,  which  are  eithir  uted  as  well  fu 


a  moetlj  carried  oot  io  open 
bnlert  or  paiu,  which  are  eithir  uted  as  well  fut  heating  tbe  maih,  or  are  placed  iwit 
the  maih  tubs.  The  entice  operation  hiu  for  its  object!  the  eoncenCration  ot  the  wort, 
the  coagnlation  aod  aeparation  of  the  dieeolred  albunuB,  an  well  a>  the  mncihige  by 
tannic  add,  and  the  eztiactioD  of  the  euentjal  conititnenta  of  the  hops. 

As  before  mentionpd,  thn  brewing  cantdrons  are  frequently  identical  with  the  mash 
pane ;  in  other  cooes,  however,  they  are  abont  one-fifth  emaller,  the  sfaupe  remaining 
the  game,  being  more  or  lees  shallow  flat-bottomed  pang  of  sheet  copper  or  iron. 
The  further  the  conceotnition  bas  to  be  carried  the  Bhallower  the  boiler  ehoDld  bo. 

In  France,  and  especially  in  Engbuid,  cloeed  reesels  are  froqnently  used.  This 
method  has  tbe  advantage  that  during  the  boiling  less  of  the  aromatic  conetitnonts  of 
the  hope  are  lost ;  tbe  requisite  concentration  ie  then  often  eSecUiA  by  the  addition  of 
MgBE  or  molassea.  The  lona  of  this  brewing  canldroo  is  n  sphere,  but  preesed  in  k> 
u  to  become  convex  at  tbe  bottom  (fig.  692).    At  the  top  ie  a  cylindrical  dome  (c). 


Fia.  6b2, 

from  which  pnis  Ave  narrow  pipui  (<''Z),  four  of  which  arc  carried  npnants  and  lead 
the  steam  into  the  preliminary  hmtieg  Tessel,  which  is  placed  directly  over  the  brew- 
ing copper,  whilst  the  fifth  pipe  (I)  carriei  the  enrplae  steam  upwards  into  the 
chimney.  Throngh  the  dome  there  passes  an  axis  {et)  which  cun  be  rotated  bymeana 
of  a  toothed  wheel  (g).  and  to  thie  is  attached  a  stirring  epparatna,  by  which  the 
wort  can  be  ke^t  stirred  during  the  boiling.  Tbe  fire  is  placed  under  the  copper,  the 
bested  air  playing  OTer  the  bottom  and  tbe  lower  part  of  the  sides  of  tbe  copper. 

The  different  methods  vary  in  the  length  of  time  cluring  which  the  Iniiling  in 
carried  on.  In  BaToria,  in  the  preparation  of  new  beer  in  open  paoa.  it  lasts  frotn  an 
boor  to  an  hour  and  a  half ;  for  lager  beer  tJis  wort  ia  boiled  two  to  three  hoars ; 
dark  beer  is  boiled  longer  than  light.  In  England,  where  cloeed  reesets  are  used,  the 
btnling  Usta  from  fonr  to  six  hours.  The  scum  formed  dnriug  the  boiling  is  continu- 
ally remoTed. 

Ilie  addition  of  the  hops  is  made  eitbnr  at  the  commencement  of  the  boiling  or 
kftM  it  hu  ptegrsMed  some  time,  tbe  object  in  the  latter  esse  being  tbat  too  mD(£  of 
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the  aromatic  constituents  shall  not  be  lost,  and  that  too  much  of  the  bitter  substance 
shall  not  pass  into  the  beer. 

It  has  also  been  recommended  to  add  a  small  portion  of  t^e  hops  at  the  commence- 
ment, and  the  remainder  at  the  end  of  the  operation ;  or  to  extract  the  aromatic  con- 
stituents of  the  hops  by  means  of  steam  in  dosed  ressels,  and  add  Uie  residue  to  the 
boiling  wort,  and  the  aromatic  extract  to  the  cooled  wort.  Also,  a  complete  extraction 
of  the  hops  in  closed  vessels  is  frequently  carried  out.  In  any  case,  it  appears  to  be 
the  most  rational  plan  not  to  boil  all  the  hops  with  the  wort  auring  the  ^ole  of  the 
operation,  because  much  of  the  aromatic  matter  would  be  thus  lost. 

The  quantity  of  hops  to  be  added  varies  according  to  the  length  of  time  the  beer 
requires  to  be  kept.  For  winter  beer  1  to  1^  lbs.  of  hops  are  used  for  100  lbs.  of 
malt ;  for  lager  beer,  2  lbs. ;  in  beer  which  should  keep  till  October,  3  lbs.  Li 
England,  the  quantity  varies  between  one-twentieth  and  4  lbs.  of  hops  to  100  lbs.  of 
malt.  The  older  the  hops  are,  the  more  it  is  necessary  to  use ;  moreover,  old  hops  are 
best  used  for  weaker  beer. 

After  the  boiling,  the  wort  must  be  allowed  to  settle,  and  it  is  then  drawn  off 
through  a  perforated  chamber  called  the  hop  sieve.  In  order  to  obtain  it  as  clear  as 
possible,  a  floating  funnel  of  flexible  metal  gauze  is  used,  which  draws  together  like  a 
bellows  in  proportion  as  the  liquor  sinks,  so  that  only  the  uppermost  clear  Uqnor  flows 
off  through  the  pipe  of  the  funnel. 

The  cooling  of  the  wort  has  for  its  object  the  rapid  reduction  of  the  tempera- 
turo  of  the  hopped  wort,  so  as  to  preparo  it  for  alcoholic  fermentation.  If  the  hot 
liquid  wero  left  to  cool  slowly  in  the  air,  there  might  easily  be  a  formation  of  lactic 
and  acetic  acids,  especially  between  26°  and  50°.  It  must  therefore  be  rapidly 
cooled  to  a  temperature  of  from  10°  to  20°,  according  to  the  nature  of  the  fermentation 
to  be  subsequently  effected. 

The  cooling  is  effected  in  large  shallow  reservoirs,  in  which  the  liquors  stands 
from  3  to  4  or  at  most  6  inches  high.  The  cooling  vessels  are  so  placed  that  a 
continual  change  of  air  takes  place  above  them.  The  cooling  takes  from  six  to  twelve 
hours,  and  is  effected  chiefly  by  the  evaporation  of  the  liquor ;  the  strength  of  the 
current  of  air,  and  especially  its  dryness,  consequently  influence  the  rate  of  cooling,  as 
also  to  a  less  degree  does  its  temperature.  During  this  cooling  a  further  settlement 
of  mucilaginous  matter  takes  place,  consisting  partially  of  nitrogenous  substance  dis- 
solved by  the  heat,  and  partially  of  the  compound  of  tannic  acid  with  mucilage. 

Formerly  wood  was  the  materia,  used  in  the  construction  of  the  cooling  vessels, 
but  in  consequence  of  the  non-conductivity  of  wood,  and  the  practical  difficulties  in 
repairing  and  thoroughly  cleansing  such  coolers,  they  have  since  been  constructed  of 
sheet  copper,  sheet  iron,  or  cast-iron  plates,  and  recently  glass  plates  have  been  pro- 
posed. Copper  is  a  better  conductor  of  heat  than  iron,  but  their  difference  in  this 
respect  is  so  small  as  not  to  be  of  much  importance,  especially  as  the  radiating  power 
is  at  leaft  equally  important,  and  that  in  the  two  metals  is  similar  and  is  greatest 
when  the  outside  is  painted  a  dull  dark  colour.  Iron  has  the  disadvantage  compared 
with  copper  that  it  colours  the  wort,  but  this  may  be  prevented  by  providing  the  iron 
with  a  coating  that  will  impede  the  direct  action  of  the  wort  upon  it.  According  to 
Heiss,  this  may  be  done  in  the  following  way : — The  inner  side  of  the  cooling  vessel 
is  scoured  smooth  with  sand,  and  then  etcned  with  7  to  10  per  cent,  solution  of 
hydrochloric  acid.  After  perfect  drying,  the  etched  surfEice  is  painted  three  times  with 
a  liquor  obtained  by  digesting  finely  divided  galls  in  water,  with  frequent  notation, 
for  twenty-four  hours,  and  decanting.  After  the  third  coat  is  dry,  cold  wat«r  is  run 
into  the  vessel  and  allowed  to  stand  for  twelve  hours,  and  then  an  extract  obtained  by 
boiling  crushed  malt  and  old  hops  is  added.  After  standing  twelve  hours  the  liquor 
is  run  off,  and  the  cooling  vessel  may  then  at  once  be  brought  into  use. 

As  the  cooling  takes  place  chiefly  through  evaporation,  of  from  one  eighth  to  one 
tenth  of  the  liquid,  this  is  sought  to  be  increased  by  a  change  of  atmosphere  by 
draughts  artiflciallv  created  by  means  of  ventilators,  windmills,  and  the  like,  but  con- 
tact of  the  wort  with  .too  great  a  quantity  of  air  may  easily  have  an  unfavourable  in- 
fluence. The  stirring  machines  which  are  frequently  placed  over  the  cooling  vessels 
have  the  same  object;  the  augmented  contact  with  the  atmosphere  being  effected  by 
continual  renewal  of  the  surface  of  the  liquid.  The  stirring  machines  have  the 
disadvantage  that  they  impede  the  settlement  of  the  turbid  portion. 

In  the  course  of  time,  there  is  deposited  upon  the  sides  of  the  cooling  vessel!^  as  well 
as  in  the  pipes  through  which  the  wort  is  run  into  them,  a  crust  known  as  beer- 
stone,  which  washing  will  not  remove.  This  coating  protects  the  metal  of  whidi 
the  apparatus  is  made  from  the  action  of  the  wort.  It  contains  64  per  cent,  of 
organic  matter  (induding  1 3  per  cent,  of  protein  substances),  29  per  cent,  of  ash  free 
from  carbonic  acid  (^chiefly  lime),  and  7  per  cent  of  water. 

VariouB  othat  eooWn^  «mi;(i%«msw\a  ^«.ve  recently  been  adopted,  such  as  the  oooliog 
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with  tinned  iron  or  copper  pipes,  through  which  cold  water  is  made  to  flow,  sometimes 
prerionaly  cooled  by  ice.  The  method  of  cooling  woit  by  a  conent  of  water  has  been 
introdnced  into  England  and  France.  The  ice  float  is  also  nsed  for  the  cooling  of 
wort ;  most  frequently,  however,  in  the  fermenting  rat,  and  it  is  especially  used  in  hot 
summer  weather.  It  consists  of  a  painted  sheet-iron  tray  filled  with  ice,  which  is 
placed  in  the  wort 

The  most  suitable  time  for  cooling  is  in  the  spring  and  summer  months,  when  dry 
winds  and  clear  skies  promote  the  eraporation  of  the  wort  from  the  cooling  vessels. 
The  situation  and  plan  of  the  brewery  also  influences  the  cooling;  evidently  the 
building  should  be  so  placed  that  the  coolers  are  exposed  as  much  as  possible  to  the 
wind.  For  this  reason  breweries  situated  on  high  ground  (as  at  Munich),  or  in  airy 
valleys,  yield  excellent  beer. 

Some  yeiy  important  experiments  have  recently  been  made  by  Jicinsky  upon  the 
use  of  the  vacuum  pan  in  the  bew  brewery.  According  to  him,  by  treating  the  wort 
in  a  vacuum  apparatus,  concentration  and  cooling  may  be  combined,  and  tne  cooling 
▼essels  may  be  entirely  dispensed  with.  To  lower  the  temperature  cold  water  is 
added  to  the  wort  in  the  vacuum  apparatus,  to  replace  that  which  has  been  driven  off* 
by  the  evaporation.  As  in  consequence  of  the  depth  of  the  layer  of  liquor  in  the 
vacuum  pan,  deposition  of  suspended  substances  does  not  take  place,  it  becomes  neces- 
sary to  filter  the  wort  before  it  is  passed  into  the  fermenting  vat.  The  advantages 
presented  by  the  use  of  the  vacuum  apparatus  are :  1.  Hapid  cooling  of  the  wort  in 
the  brewing  vat ;  2.  Saving  of  space  by  dispensing  with  cooling  vessels ;  3.  Simplifi- 
cation  of  the  manipulation,  since  the  wort  passes  (urect  from  the  brewing  vat  into  the 
fermenting  vat ;  4.  Avoidance  of  danger  of  acetification,  the  wort  remaining  sheltered 
from  air ;  6.  Beduction  of  the  consxmiption  of  ice. 

The  fermentation  of  the  wort  has  for  its  object,  through  the  action  of  the 
yeast  as  a  ferment,  to  convert  the  sugar  contained  in  it,  together  with  a  great  part  of 
the  dextrin,  into  alcohol  and  carbonic  acid,  and  at  the  same  time  to  separate  dissolved 
nitrogenous  substances  in  the  insoluble  form  of  yeast.  According  to  Lermer  s  experi- 
ments, dextrin  alone  is  not  fermented  by  yeast ;  but,  according  to  Gbchwiindler,  when 
dextrin  is  mixed  with  sugar,  from  22  to  40  per  cent,  of  it  undergoes  alteration.  The 
manner  in  which  the  yeast  operates  has  been  particularly  describeid  on  p.  881. 

Occasionally  the  fermentation  takes  place  in  casks ;  most  frequently,  however,  it 
takes  place  in  open  Tats,  the  fermentation  vats,  and  but  seldom  in  closed 
vats  from  which  only  the  resulting  carbonic  add  can  escape.  In  the  latter  case  the 
arrangement  shown  in  fig.  693  may  be  used  to  prevent  access  of  air  to  the  fermenta- 
tion vats.  It  consists  of  a  wooden  bxm^  (b),  stack  into  the  cover  of  the  fermentation 
vat  or  into  the  top  of  the  cask,  and  having  a  hole  bored  through  its  axis  opening  above 
into  a  hemisphencal  depression.  In  this  lies  a  ball  (c)  by  which  the  opening  is 
closed,  so  that  only  the  gases  from  the  inside  can  gain  a  passage  by  forcing  up  the  ball 
from  time  to  time. 


C 


2^ 


^i 


Fro.  603. 


Fig.  694. 


Fro.  605. 


Another  arrangement,  having  the  same  purpose,  is  shown  in  fig.  694  in  section. 
The  space  (a)  communicates  through  the  pipe  (/),  with  the  interior  of  tlie  ressel. 
Between  the  spaces  a  and  b  is  a  partition  (c  o),  which  does  not  reach  quite  to  tne 
bottom,  so  that  the  water  placed  there  can  pass  from  side  to  side.  As  soon  as  gas 
enters  through  the  pipe  (/ ),  it  exercises  a  pressure  upon  the  surface  of  the  water  in 
A,  until  it  can  escape  under  the  partition  at  d.  The  level  of  the  water  in  b  is  con- 
sequently raised  and  with  it  the  float  (h  o^  indicating  the  progress  of  the  fermenta- 
tion. A  float  of  the  simplest  construction  is  represented  in  fig.  695.  h  o'  is  an  iron 
wire  and  a  is  a  piece  of  cork  by  which  it  is  floated. 

After  trying  the  mast  diverse  materials,  in  order  to  replace  wood  in  the  fermenta- 
tion vats,  because  it  becomes  strongly  impregnated  with  the  fermenting  liquid  and 
Teiy  difficult  to  purify,  experiment  has  lately  been  made  with  glass.  Brickwork 
reservoirs  are  covered  with  large  glass  plates,  the  joints  being  closed  with  good  cement 
and  having  a  snbstxmtum  of  water  glass. 
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The  place  where  the  fermentation  is  carried  on  should  haye  an  equable  tempera- 
ture of  from  8°  to  12^.  Ordinarily  an  arched  vault  is  chosen/which  must  be  kept 
yerj  clean,  because  impurities  would  have  an  ii\juriou8  influence  upon  the  keeping 
property  of  the  beer  prepared  in  it. 

The  nature  of  the  fermentation  is  determined  by  the  character  of  the  yeast  em- 
ployed and  the  temperature  at  which  the  liquid  is  maintained  during  the  fermentation. 
It  is  either  of  the  kind  called  surface  fermentation  or  sedimentary  ferment- 
ation. Surface  fermentation  is  produced  by  ordinary  yeast,  which  is  used  in  thoee 
cases  where  it  is  desired  to  prepare  rapidly  drinkable  beer  and  to  conduct  the  fer- 
mentation within  the  ordinary  range  of  temperature.  Wort  which  contains  so  mudi 
sugar  that  sufficient  alcohol  is  formed  by  a  partial  fermentation  is  also  fermented  by 
surfEice  yeast.  This  kind  of  fermentation  takes  place  most  readily  and  with  the 
greatest  rapidity,  for  which  reason  it  is  employed  m  working  wort  taat  is  not  com- 
pletely fermentable  with  ease,  as  is  the  case  with  wort  that  has  been  boiled  lor  a 
long  time  or  has  been  prepared  from  highly  roasted  malt. 

In  carrying  out  surface  fermentation  the  wort  is  brought  to  a  temperatore  ranging 
between  12^  and  16°,  in  the  fermenting  tun,  and  muLed  with  surfiice  yeast  from  a 
previous  operation,  in  the  proportion  of  from  2  to  4  lbs.  to  the  hundred  gallons. 
The  rapidity  with  which  fermentation  commences  depends  upon  the  external  tempera- 
ture. At  the  commencement  a  white  froth  collects  at  the  surfiiice  of  the  liquid  and 
rapidly  increases,  moving  in  concentric  rin^  from  the  circumference  to  the  centre. 
This  froth  consists  chiefly  of  resinous  constituents  from  the  hope ;  it  has  on  this  ac- 
count a  very  bitter  taste,  and  is  removed  so  as  not  to  become  mzed  with  the  yeast 
afterwards  produced.  Subsequently  there  is  formed  a  light  yellowish  frtAh,  inter- 
spersed with  large  bubbles,  which  constitutes  the  new  yeast,  or  baim,  that  is  formed 
from  the  nitrogenous  constituents  of  the  wort  and  a  part  of  the  sugar.  During  this 
formation  of  yeast  carbonic  acid  gas  is  abundantly  evolved,  and  by  adhering  to  the 
particles  of  yeast  separated  in  the  liquid  floats  them  to  the  surface,  forming  the  sur- 
face yeast,  while  another  portion  is  deposited  as  bottom  yeast.  After  the  l^ise  of 
frx)m  four  to  eight  days  the  rapid  evolution  of  carbonic  acid  ceases  and  the  first  stage 
of  the  fermentation  is  at  an  end.  The  product  in  this  condition  is  called  young 
beer.  A  further  fermentation  that  progresses  very  sloidy,  and  is  called  the  after 
fermentation,  then  commences  under  the  influence  of  the  bottom  yeast  that  is 
mixed  with  the  beer.  This  fermentation  is  generally  allowed  to  go  on  in  caaks,  or 
smaller  tuns,  having  only  a  small  opening  through  which  carbonic  acid  can  escape 
and  the  yeast  froth  can  run  away.  As  soon  as  the  froth  becomes  white  the  beer  is 
ready  to  be  transferred  to  the  store  casks,  which  are  securely  closed  when  filled.  In 
these  casks  a  second  after  fermentation  takes  place,  which  has  the  effect  of  saturating 
the  beer  with  carbonic  acid  and  keeping  it  in  a  fit  state  for  consumption.  The  beer 
must  be  drunk  while  this  fermentation  is  still  in  progress.  Its  capabifity  of  being  pre- 
served depends  upon  a  continuance  of  this  fermentation  and  upon  the  temperature  of 
thtt  store  cellar,  which  should  be  as  cool  as  possible.  The  size  of  the  casks  is 
also  of  some  influence,  for  the  larger  they  are  the  less  is  the  beer  affected  by  changes 
of  temperature  in  the  store  cellar. 

In  order  to  make  drinkable  beer  in  a  short  time- the  wort  is  brought  to  a  tempera- 
ture of  from  16°  to  24°,  mixed  with  some  yeast,  and  immediately  after  the  conunence- 
ment  of  the  fermentation  run  into  casks,  where  it  rapidly  ferments  within  the  space  of 
one. or  two  days,  the  yeast  escaping  out  of  the  bungbole  meanwhile.  The  beer  is 
then  drawn  off  into  small  CJisks  where  the  after  fermentation  takes  place.  After  a  few 
days  the  beer  can  be  drawn  off  into  bottles  in  which  it  becomes  impregnated  with 
carbonic  acid  by  the  progress  of  the  after  fermentation. 

The  sedimentary  fermentation  progresses  much  more  slowly  than  the  sui^see 
fermentation,  and  it  is  specially  employed  in  the  preparation  of  beer  that  is  required 
to  be  kept.  Bavarian  beer  is  generally  prepared  in  this  way.  The  wort  is  cooled 
down  to  a  temperature  ranging  from  6°  to  10"  and  is  mixed  with  from  |  to  f  per 
cent,  by  measure  of  bottom  veast  After  about  twelve  hours  a  light  froth  appears 
at  the  surface  forming  rings  dirninishing  towards  the  centre.  Evolution  of  carbonic 
acid  soon  commences,  but  the  gas  given  off  is  not  sufficient  to  lift  the  yeast  to  the 
surface,  and  on  account  of  its  remaining  at  the  bottom  of  the  liquid  it  is  termed 
bottom  yeast.  At  the  end  of  fk>m  seven  to  ten  days  the  chief  fermentation  if 
completed ;  the  beer  is  then  run  off  into  casks  in  which  the  after  fermentation  takes 
place.  During  this  stage  some  frothy  yeast  is  produced  which  runs  away  from  the 
bunghole  and  is  removed. 

When  the  beer  has  become  clear  the  casks  are  closed,  and  the  slow  fermentatiOD 
commences,  during  which  sufficient  carbonic  acid  is  formed  to  make  the  be^  sparkling. 

It  is  very  es8cnt\*l  that  the  place  where  this  slow  fermentation  goes  on,  and  ia 
which  the  beer  \b  Vopt,  B\vo\v\.^\>^\.«<^\.^«r3  ^^l.    The  temperatuiv  of  the  «toi«  ^wlW 
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espedallj  should  not  exceed  5^,  and  if  necessary  it  should  be  kept  cool  by  means  of 
ice. 

Dnring  this  fermentation  the  amount  of  extract  decreases,  and  at  the  same 
time  the  specific  gravity  of  the  beer  diminishes  progressively,  so  that  the  progress  of 
the  fermentation  may  be  judged  of  from  the  specific  gravity  of  the  beer. 

If  the  various  operations  are  not  properly  carried  out,  the  beer  occasionally  clears 
with  such  difficulty  that  it  has  to  be  assisted  by  artificial  means.  The  best  clarifying 
material  is  isinglass,  the  dried  swimming  bladder  of  several  species  of  sturgeon. 
This  is  soaked  in  water  for  twenty-four  hours,  and  afterwards  dissolved  by  heating  it 
with  16  or  20  parts  of  weak  spirit,  beer,  or  water.  This  preparation  is  thoroughly 
mixed  with  a  portion  of  the  beer  to  be  clarified,  and  the  mixture  is  added  to  the  re- 
maiuder  of  the  beer.  After  some  time  the  isinglass  settles  to  the  bottom,  carrying 
with  it  the  suspended  particles,  and  the  beer  becomes  clear.  About  4  or  5  parts  of 
isinglass  are  used  to  100,000  parts  of  beer.  The  action  of  this  substance  depends 
upon  the  peculiar  structure  of  the  tissue  of  the  bladder,  which  consists  of  a  fine  net- 
work of  small  fibres  that  swell  to  100  times  their  original  volume  when  soaked  in 
water  or  weak  spirit,  especially  under  the  infiuence  of  slij^ht  acidity.  When  this 
Tolmninous  jelly  is  mixed  with  the  beer,  the  fibres  are  again  contracted  under  the 
action  of  the  alcohol,  and  the  network  closing  upon  the  turbid  particles  in  the  beer 
carries  them  to  the  bottom. 

The  Berlin  white  beer  is  frequently  clarified  with  isinglass  that  has  been  swelled 
with  tartaric  acid  before  being  set  to  ferment.  The  tartaric  acid  then  increases  the 
peculiar  sour  taste  of  that  beer. 

Fleck  recommends  the  addition  of  glycerin  to  the  wort  before  it  comes  into  the 
fermenting  vat,  in  order  to  impart  to  the  beer  a  full  fiavour,  and  to  remove  the  bitter- 
Dess  arising  from  the  use  of  a  large  quantity  of  old  hops.  According  to  the  quantity 
of  hops  used,  ^  to  1  part  of  glycerin  is  added  to  100  parts  of  beer ;  the  glycerin  is 
nhaken  with  four  times  its  volume  of  cooled  beer,  and  this  mixture  is  distributed 
thzongh  the  fermenting  vat  before  the  yeast  is  added.  The  glycerin  is  not  added  at 
an  earlier  stage  because  too  much  of  it  would  be  evaporated  with  the  vapour  of  water 
dnring  the  boiling  and  cooling  of  the  wort. 

The  investigations  of  Pasteur  have  thrown  much  light  on  the  life  history  of  the 
yeast  plant  or  plants ;  and,  although  all  the  inferences  he  has  drawn  from  his  observa- 
tions have  not  met  with  ftill  acceptance,  there  can  be  no  doubt  that  his  researches  will 
greatly  influence  the  future  of  beer  brewing. 

Pasteur  starts  with  the  admitted  fsct  that  there  exists  a  close  relation  between 
the  fiusility  with  which  beer  wort  or  the  finished  beer  undergoes  alteration  and  the 
processes  adopted  in  its  manufacture.  This  is  practically  indicated  in  the  rapid 
reduction  of  the  temperature  of  the  wort  from  about  50^  to  below  20*^  in  order  to 
avoid  the  lactic  and  acetic  fermentations  that  readily  occur  between  those  points.  In 
seeking  for  the  cause  of  the  changes  which  spoil  the  beer  he  finds  that  they  are 
always  coincident  with  the  development  of  microscopic  organisms  foreign  to  the 
nature  of  true  beer  yeast  The  organisms  act  as  ferments  and  their  multiplication  is 
always  accompanied  by  the  production  of  acid,  putrid,  viscous,  or  bitter  substances 
which  render  the  beer  unpalatable ;  they  are  therefore  designated  as  ferments  de 
maladie.  Most  of  them,  if  not  all,  differ  considerably  in  size  and  shape  from  the 
spherical  germs  of  beer  yeast.  The  organisms  present  in  turned  beer  are  simple  or 
articulated  filaments,  about  one-thousandth  of  a  millimetre  in  diameter,  which,  when 
very  strongly  magnified,  are  seen  to  consist  of  a  series  of  short  rods.  The  organisms 
in  lactic  beer  are  small  particles,  slightly  contracted  in  the  middle,  of  rather  greater 
diameter  than  the  preceding,  generally  isolated,  but  sometimes  joined  in  chains  of  two, 
three,  or  more.  The  organisms  in  putrid  beer  are  vibrios,  moving  more  or  less  rapidly 
according  to  the  temperature ;  these  make  their  appearance  in  the  wort  more  readily 
than  in  3ie  lieer.  The  organisms  in  viscous  beer  consist  of  strings  of  nearly  spherictd 
granules. 

Tart  or  acetic  beer  contains  chaplets  of  articulations  of  Mycoderma  acetic  ex- 
tremely similar  in  appearance  to  those  of  the  lactic  ferment,  but  differing  very  much 
in  their  physiological  functions.  All  these  are  more  or  less  filamentary,  and,  accord- 
ing to  Pasteur,  their  presence  in  beer  is  an  infallible  sign  that  deterioration  has 
eiUier  commenced  or  is  impending.  They  have  their  origin  in  germs  deposited  from 
the  air  in  the  beer  or  on  the  vessel  during  the  operations,  or  present  as  a  contamina- 
tion with  the  beer  yeast  used.  These  organisms  may,  under  certain  conditions, 
increase  so  as  to  materiallv  affect  the  nature  of  the  deposit  of  yeast,  sometimes  even 
to  the  extent  of  entirely  displacing  the  alcoholic  ferment ;  hence  the  necessity  that 
arises  in  a  brewery  occasionally  of  getting  a  supply  of  fresh  yeast  from  another 
establishment  Pasteur  has  also  found  that  the  absence  of  ihwt  ferments  d$  maladie 
is  ooinddent  with  the  production  of  an  nnalterable  beer. 
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The  predominance  of  one  or  other  of  these  ferments  under  particular  conditions 
has  given  rise  to  the  belief  that  they  are  all  modifications  of  the  same  Tegetsble 
organism,  brought  about  by  the  media  in  which  they  occur.  This,  howerer,  is  denied 
by  Pasteur,  who  maintains  that  under  no  conditions  is  one  form  converted  into  an- 
other, such  as,  for  instance,  the  beer  ferment  into  the  lactic  ferment.  The  explana- 
tion is  found  by  him  in  the  greater  appropriateness  of  certain  liquids  fat  parocnlar 
growths.  Thus  an  acid  liquid,  such  as  the  must  of  grape,  may  have  deposited  in  it 
simultaneously  the  spores  of  mucedines,  and  the  germs  of  bacteria,  leptotrices  and 
vibrios ;  but  Uie  latter  would  be  hindered  in  their  development,  if  not  killed,  by  t2ie 
acidity  of  the  liquid,  so  that  they  would  not  be  met  with  in  the  adult  state.  Most  of 
the  moulds,  on  the  contrary,  flourish  in  acid  liquids,  excluding  all  other  growths. 
But  if  the  must  when  fresh  be  saturated  with  carbonate  of  lime,  the  reverse  ocniditioos 
obtain  ;  bacteria,  lactic  ferment,  and  butyric  vibrios  invade  the  liquid  to  the  exclusion 
of  moulds,  which  only  languish  in  alkaline  solutions.  When  one  kind  of  growth  is 
established  it  hinders  for  the  time  all  others,  by  appropriating  all  the  aumentaiy 
material,  especially  the  oxygen. 

It  is  to  be  noted,  however,  that  a  period  of  vigorous  growth  of  a  particular  ferment 
is  often  followed  by  a  gradual  slackening,  and  finally  a  cessation  in  the  develc^ment, 
caused  by  the  exhaustion  of  the  necessary  aliment  from  the  liquid,  which  may  thus 
become  favourable  for  the  growth  of  another  ferment. 

This  difference  in  the  suitability  of  certain  liquids  for  the  development  of  particular 
growths  Pasteur  proposes  to  utiUse  for  the  elimination  of  objectionable  ferments 
present  in  beer  yeast,  by  repeated  cultivations  of  the  yeast  in  liquids  an&vourabls  to 
their  development. 

Although,  according  to  Pasteur,  no  other  fungoid  vegetation  is  capable  of  being 
converted,  even  under  the  most  fiivourable  conditions,  into  beer  yeast,  some  of  them, 
such  as  Peniciilium  glaucum  and  Aspergillus  glaucus,  are  capable  of  acting  to  a  certain 
extent  as  alcoholic  ferments.  If  these  fungi  are  growing  in  a  saccharine  liquid  in 
contact  with  atmospheric  air,  they  appear  to  effect  a  complete  combustion  of  the 
sugar  by  means  of  the  free  oxygen  contained  in  it ;,  but  if  they  be  submerged,  so  as  to 
deprive  them  of  a  supply  of  oxygen,  they  then  appear  to  act  as  alcoholic  ferments,  by 
decomposing  the  sugar  with  formation  of  alcohot  carbonic  acid,  and  other  undeter- 
mined substances,  possibly  varying  with  the  plant  acting  as  a  ferment.  But  in  this 
case,  with  the  moulds  mentioned  a  marked  alteration  in  their  shapes  takes  place  ;  the 
^wth  becomes  languid  from  want  of  oxygen,  the  mycelium  becomes  thickened,  and 
instead  of  appearing  in  long  filaments  takes  the  form  of  chains  of  more  or  less  ovoid 
cells,  and  after  a  time  development  entirely  ceases.  Pasteur  designates  this  class  of 
fungoid  growths,  which  are  not  capable  of  flourishing  if  deprived  of  access  of  air, 
aerobies,  and  those  that  can  live  without  a  supply  of  atmospheric  oxygen,  or  the 
true  ferments,  he  calls  anaerobies. 

As  elsewhere  stated,  two  kinds  of  fermentation  are  recognised  in  the  beer  industry, 
superficial  fermentation,  which  is  that  almost  exclusively  at  present  practised  in  this 
country,  and  bottom  fermentation,  which  is  largely  practised  on  the  continent  The 
ferments  which  are  used  to  produce  these  fermentations  differ  but  little  in  respect  to 
their  development ;  the  cells  of  bottom  yeast  are  slightly  smaller,  a  little  more  oval, 
and  have  a  perceptibly  less  ramification  in  the  germination  than  those  of  8ur£ue 
yeast.  But  the  most  marked  difference  is  that  from  which  they  take  their  respective 
names ;  whilst  one  is  floated  to  the  surface  of  the  liquid,  and  kept  there  by  carbonic 
acid  gas  evolved,  the  other  remains  at  the  bottom  of  the  vessel,  and,  as  might  be 
expected  from  what  has  been  said  above,  its  action,  remote  from  the  air,  is  much  the 
slowest  of  the  two.  Moreover,  there  is  a  great  difference  in  the  temperature  at  which 
they  each  manifest  their  activity,  the  superficial  fermentation  being  usually  carried  on 
at  a  temperature  of  16^  to  20°,  whilst  the  bottom  fermentation  is  never  carried  on 
above  10°,  and  preferably  at  from  6°  to  S*',  a  temperature  at  which  the  superficial  yeast 
would  be  without  action.  Notwithstanding  these  differences  it  is  considered  by  many 
that  these  two  ferments  are  identical,  and  maybe  transformed  one  into  the  other  under 
favourable  conditions.  This  is  contraiy  to  the  opinion  of  Pasteur,  who  admits,  how- 
ever, that  probably  they  present  an  example  of  modifications  that  have  become 
hereditary  by  prolonged  cultivation,  since  beer  cannot  be  said  to  have  a  natunl 
ferment  in  the  same  sense  as  the  juice  of  the  grape. 

The  contact  of  an  excess  of  atmospheric  air  exercises  an  important  influence  upon 
the  phenomena  of  fermentation.  In  such  a  case  the  yeast  vegetates  like  a  mould, 
and  there  may  even  be  a  considerable  development  of  yeast  cells  upon  the  surface  of  t 
saccharine  liquid  before  any  formation  of  alcohol  takes  place,  the  quantity  of  alcohol 
produced  in  relation  to  the  weight  of  veast  present  being  always  in  inverse  propoitioa 
to  the  quantity  oi  fi«%  ox^u  available  for  the  life  of  the  plant.  On  the  other  hand 
the  concLitiOTi  in  'wVi\ci\i  Vlbi^  '^e^X.  c^^  «xa  t&ssrXi  csv^ble  of  developing  aad  multtplTiiv 
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within  the  fermentescible  li(^aid  is  while  they  are  still  yery  yonng,  and  still  under  the 
inflaenoe  of  the  active  yitality  due  to  contact  with  free  oxygen,  which  possibly  they 
may  to  some  extent  be  able  to  store  up  within  them..  Upon  these  grounds  Pastem 
refers  the  phenomenon  of  tumultuous  fermentation  to  the  presence  of  excess  of  free 
oxyeen  in  the  fermenting  liquid.  . 

It  will  be  eyidrat  that,  if  the  foregoing  views  of  Pasteur  are  correct,  it  will  be  im- 

Soitantthat  not  only  should  pure  yeast  be  used,  but  that  the  beer  should  be  protected 
uring  its  manufacture  from  contamination  with  foreign  ferments  by  the  deposition  of 
spores  floating  in  the  air.  For  this  purpose  he  has  devised  some  apparatus  in  which 
the  cooling  and  fermentation  would  take  place  in  contact  only  with  filtered  air.  At 
present  this  experiment  has  not  been  adopted  to  any  extent  Pasteur,  however,  does 
not  look  upon  ail  the  foreign  ferments  as  mjurious,  but  considers  that  some  of  them 
might  probably  be  utilised  in  the  production  of  different  flavoured  beers.  For 
instance,  he  has  recognised  that  an  admixture  of  a  special  ferment  that  has  been 
named  after  himself,  Saccharomyces  Pastorianua,  yields  a  beer  that  has  a  distinctly 
vinous  flayour. 

The  relative  amounts  of  dextrin  and  sugar  present  in  the  wort  have  an  important 
influence  upon. the  rapidity  of  the  fermentation,  and  consequently  the  durability  of  the 
beer  produced.  Sugar  enters  into  fermentation  readily,  and  this  fermentation  pro- 
greases  rapidly,  and  cannot  easily  be  checked  at  ordinary  temperatures  until  it  has 
run  its  course,  when  carbonic  acid  ceasing  to  be  evolvea  the  beer  becomes  flat  and 
mote  liable  to  acetification  b^  absorption  of  oxygen  from  the  air.  Dextrin,  on  the 
contrary,  ferments  but  sluegishly,  especially  at  low  temperatures,  so  that  its  fermen- 
tation is  prolonged  after  allthe  sugar  has  been  decomposed,  giving  rise  to  a  continual 
derelopment  of  carbonic  acid,  and  thus  contributing  to  the  permanence  of  the  beer. 
Hence  for  the  production  of  a  beer  for  early  and  rapid  consumption  a  large  propor- 
tion of  sugar  in  the  wort  is  eminently  suitable ;  whilst  for  a  beer  that  requires  to  be 
kept  a  considerable  time  dextrin  should  predominate.  Moreover  the  time  of  the  year 
should  also  be  considered,  as  whilst  in  the  summer  time  a  little  more  dextrin  would 
be  useful  as  a  clog  to  too  rapid  fermentation,  in  winter  it  might  have  a  deleterious 
influence  and  feiyour  viscous  fermentation. 

In  Yorkshire  and  other  of  the  northern  counties  of  England,  a  method  of  ferment- 
ation is  adopted  known  as  the  stone  square  system,  which  is  alleged  to  be  not  only 
economical  m  its  working  but  capable  of  producing  a  yery  full  beer  in  proportion  to 
the  original  gravity  of  the  wort  used.  The  square  consists  of  an  outer  jacket  or  shell, 
built  of  four  massive  stone  slabs  fixed  upon  another  slab  that  forms  the  bottom,  and, 
within  this,  the  wort  cistern,  similarly  formed  of  stone  slabs,  and  of  a  size  that  allows 
a  clear  space  of  about  2  inches  between  its  walls  and  those  of  the  jacket,  but  2  or  3 
inches  higher.  Over  this  is  a  covering  slab  haying  three  holes  in  it,  and  supporting 
another  stone  cistern  called  the  yeast  back,  which  is  large  enough  to  hold  all  the  yeast 
formed  during  the  operation.  The  principal  hole  in  the  cover  is  surrounded  by  a 
stone  ring  about  6  inches  high ;  a  smaller  nole  (about. 2  inches  in  diameter)  is  for- 
nished  with  a  valve,  and  fitted  on  the  under  side  with  a  long  tin  pipe,  reaching  to 
within  2  inches  of  tiie  bottom  of  the  wort  cistern  ;  a  third  hole,  with  a  plug,  is  used 
for  running  off  the  yeast  The  wort  dstem  is  provided  with  one  or  more  cocks  passing 
out  through  the  sides  of  the  jacket  and  used  for  drawing  off  the  beer  for  racking. 
There  are  also  the  necessary  pipes  and  cocks  for  supplying  the  interspace  between  the 
jacket  and  the  wort  dstem  with  hot  or  cold  water  as  it  may  be  required  to  control  the 
temperature  of  the  wort 

The  wort  is  run  into  the  cistern  until  it  rises  through  the  smaller  opening  of  the 
coyer,  the  yalve  of  which  is  left  open,  into  the  yeast  back  to  a  height  of  2  or  3  inches ; 
the  valve  is  then  closed.  Sometimes  the  yeast  is  added  as  the  wort  is  run  in,  and  the 
whole  is  left  undisturbed  until  the  fermentation  is  finished,  when  the  yeast  is  run  off, 
and  the  wort  having  become  perfectly  still  is  ready  for  racking.  But  generally  the 
yeast  is  added  after  the  wort  is  in  the  square,  a  comparatiyely  small  quantity  being 
used.  Fermentation  commences  in  about  12  hours,  and  when  in  full  yigour  the  yeast 
head  and  the  wort  in  the  yeast  back  are  well  roused  together,  and  the  valve  being 
opened,  the  mixture  is  run  through  the  tin  pipe  to  the  bottom  of  the  wort  dstem. 
The  valve  is  then  dosed,  and  after  an  interval  which  must  be  dedded  by  tlie  judg- 
ment of  the  operator  some  wort  is  pumped  up  into  the  yeast  back  by  means  of  a  hand- 
pump  passed  through  the  principal  opening  of  the  cover  to  nearly  the  bottom  of  the 
wort  cistern.  The  fresh  head  and  this  wort  are  roused  together,  and  run  down 
through  the  tin  pipe  as  before,  and  these  operations  are  repeated  until  the  degree  of 
attenuation  deeved  is  obtained.  The  yeast  is  then  allowed  to  separate  from  the  beer, 
which  it  does  completely  in  the  ooune  of  a  few  hours,  dischaxging  itself  into  the 
yeast  back,  whence  it  is  remoyed,  and  the  beer  after  standing  ontil  bright  is  ready  for 
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The  temperature  found  most  suitable  for  this  method  is  from  15®  to  16®  at  the 
commencement,  with  a  maximum  of  70°.  When  the  latter  temperature  is  reached 
cold  water  is  admitted  into  the  jacket  to  prevent  a  further  rise. 

Beer  Analysis. — The  percentage  of  carbonic  acid  in  beer  may  be  determined  bj 
treating  a  known  quantity  of  the  beer  with  bar3rta  water,  filtering  o£f  the  precipitate, 
and  d^ng  and  washing  it.  The  precipitate  thus  formed  is  not  pure  l^um  car- 
bonate, therefore  the  carbonic  acid  must  be  determined  by  any  of  the  known  methods. 
In  treating  with  baryta  water  care  must  be  taken  to  exclude  atmospheric  air. 

Another  method  of  determining  the  quantity  of  carbonic  acid  present  in  beer  oon- 
sists  in  heating  a  known  quantity  of  beer  to  40°,  the  vessel  containing  the  liquid 
being  shaken  to  liberate  the  carbonic  acid ;  upon  again  weighing,  the  loss  in  weig^ 
represents  the  carbonic  acid  disengaged. 

For  the  determination  of  the  total  amount  of  extract,  a  known  quanti^  of  beer  is 
weighed  in  a  Liebig's  drying  tube,  then  evaporated  in  a  stream  of  dry  air  over  a  salt 
or  oil  bath  at  a  temperature  of  100°  or  120°,  the  application  of  heat  being  continued 
so  long  as  loss  of  weight  takes  place.  The  weight  of  the  residue  represents  the  total 
extract  of  the  sample  of  beer  taken.  Another  method  consists  in  evaporating  a  known 
quantity  of  beer  in  a  platinum  dish  over  a  water  bath,  then  drying  the  residue  at  a 
temperature  of  100°  or  110°  and  weighing;  in  this  operation  it  is  advisable  to  mix 
the  beer  with  a  weighed  quantitv  of  sand  before  evaporating. 

An  easier  and  simpler  methoa  of  testing  beer  is  Fuch's  ludlimetric  test,  based  upon 
the  fact  that  100  parts  of  water  dissolve  36  parts  of  common  salt,  or  1  part  in  2*778^ 
and  that  a  liquid  dissolves  less  salt  the  greater  the  quantity  of  alcohol  and  extract  it 
contains.  Two  tests  are  therefore  necessary :  1,000  grains  of  beer  are  weighed  off, 
and  boiled  down  in  a  flask  to  one-half  or  one-tl^rd  its  volume,  by  which  the  whole  of 
the  carbonic  acid,  the  alcohol,  and  a  part  of  the  water  are  driven  off;  the  liquid  is  then 
mixed  with  water  so  as  to  make  it  up  again  to  exactly  1,000  grains.  360  grains  of 
salt,  as  nearly  as  possible  of  the  same  degree  of  fineness,  is  added  to  this  liquid,  and 
the  whole  shaken.  A  portion  of  the  salt  will  remain  undissolved,  and  ic 
order  to  determine  the  quantity  the  whole  is  poured  into  an  instrument 
termed  the  hallimeter  (fig.  696),  which  consists  of  a  glass  tube  closed  at 
one  extremity,  the  upper  and  open  part  being  wide  and  cup-shaped,  the 
lower  portion  narrower.  The  salt  deposits  in  the  lower  tube,  anid  when 
the  particles  are  small  and-  uniform  (which  may  be  secured  by  sifting)  the 
volume  corresponds  to  a  definite  weight.  The  weight  of  the  undissolved 
salt  is  easily  aetermined  from  its  volume,  since  the  graduations  on  the 
lower  limb  of  the  hallimeter  correspond  each  to  one  grain  of  salt.  Thus, 
'^  for  instance,  if  21  grains  of  salt  remain  undissolved  and  339  grains  hare 
20  been  dissolved,  the  1,000  grains  of  boiled  beer  contain  339  x  2*778  or  942 
Ig     water  and  58  grains  of  extract. 

In  a  second  experiment  1,000  grains  of  beer  are  treated  with  330 
grains  of  salt,  heated  over  a  water  buth  to  35°-40°,  and  freed  from  car- 
bonic acid  by  shaking.  The  quantity  of  carbonic  acid  is  ascertained 
from  the  loss  of  weight.  The  salt  added  will  not  dissolve  completely  in 
the  beer,  and  the  weight  of  the  undissolved  portion  is  ascertained  by 
Fig.  696.  measuring  as  above  described.  The  quantity  of  salt  dissolved  multiplied 
by  2*778  gives  again  the  quantity  of  water,  and  the  difference  the  quantity 
of  extract  and  aqueous  alcohol.  The  amount  of  extract  having  been  ascertained  in  the 
first  experiment,  the  difference  gives  the  quantity  of  aqueous  alcohol  contained  in  the 
beer.  However  the  amount  of  absolute  alcohol  in  the  aqueous  alcohol  is  not  constant* 
and  since  it  would  contain  relatively  more  water  in  proportion  as  the  beer  is  rich  io 
alcohol,  the  table  II.  must  be  referz^  to. 

An  example  will  serve  to  explain  the  method  of  calculation.  1,000  grains  of  fresh 
beer,  shaken  up  with  330  grains  of  common  salt^  lose  2  grains  in  weight » carbonic 
acid.  There  remains  undissolved  22  grains  =  144  grams  of  extract  and  aqueoa<i 
alcohol  (table  I.  B).  In  the  above  experiment  the  boiled  beer  left  21  grains  of  salt  un- 
dissolved, 360  having  been  employed ;  hence  the  beer  contains,  accoiding  to  I.  A,  58 
grains  of  extract,  and  accordingly  144  —  58  =  86  grains  of  alcohoL  100  parts  of  the 
beer  therefore  contain — 

Carbonic  acid 0*2 

Extract 5*8 

Alcohol 4*7 

Water 89-3 


1000 
Column  A  \u  T&We  \.  ^\«%  >3cl^  o^'&.utlty  of  extract  contained  in  the  wort  or  boiled 
beep,  calculated  from  \.\\©  tcsi^m^  TwxvK\^\\i%^:twsv'iRk^  ^jswv&s..    Odumn  B  of  the  same 
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table  shows  the  quantitj  of  extract  and  aqueous  alcohol  in  uziboiled  beer,  correspond* 
ing  to  the  salt  residue  £rom  330  grains.  The  percentage  of  absolute  alcohol  in  this 
aqueous  alcohol  is  then  found  by  reference  to  B. 

Tabu  I. 


Extract 

Extract 

Extract 

Bait 
Teddae 

Bxtraot 
A 

and 

alcoholic 

oontants 

B 

Salt 

reddoe 

A 

Bxtract 
A 

and 

alooholic 

oontenta 

B 

Salt 
residue 

Extract 
A 

and 
alcoholic 
contents 

B 

0 

__ 

83 

14 

39 

122 

28 

78 

161 

1 

86 

16 

42 

126 

29 

81 

164 

2 

87 

16 

44 

128 

30 

83 

167 

3 

— 

92 

17 

47 

131 

31 

86 

169 

4 

94 

18 

50 

133 

32 

89 

172 

5 

— 

97 

19 

53 

136 

33 

175 

6 

100 

20 

56 

139 

34 

178 

7 

103 

21 

58 

142 

35 

181 

8 

22 

106 

22 

61 

144 

36 

— 

183 

9 

25 

108 

23 

64 

147 

37 

196 

10 

28 

111 

24 

67 

150 

38 

— 

189 

11 

31 

114 

25 

69 

153 

39 

192 

12 

33 

117 

26 

72 

156 

40 

— 

194 

13 

36 

119 

27 

76 

158 

TabibIL 


Aqneons 

ali?oTvpl 

A 


39 
40 
41 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
68 
59 
60 
61 
62 
63 
64 
65 
66 


Absolute 
alcohol 

B 


21-6 
220 
22-6 
23-2 

23-7 
243 
24-8 
25*4 
25*9 
26-5 
270 
27-6 
28-2 
28-7 
29-3 
29-8 
30-4 
30*9 
31-6 
32-2 
32-8 
33-4 
340 
34-6 
35*2 
35-8 
36*4 
87-0 


Aoneoiui 
aloohol 


67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

87 
88 
89 
90 
91 
92 
93 
94 


Ahsolnte 
aloohol 

B 


37-6 
381 
38*6 
391 
39-6 
40-2 
40-7 
41*2 

41-7 
42*2 
42-8 
43-3 
43-9 
44*3 
44*8 
45*4 
45*9 
46-4 
46-9 
47*4 
480 
48-5 
490 
49-5 
500 
50*5 
511 
61*6 


Aqneooa 

alcohol 

A 


95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
116 
116 
117 
118 
119 
120 
121 
122 


Ahiolixte 

aloohol 

B 


621 
526 
531 

53-7 
54*2 

54-7 
55-2 

55*7 
56*2 
56-8 
57*3 
57-8 
58-3 
58*8 
69-3 
59-8 
60*4 
60-9 
61*4 
61*9 
62*4 
62-9 
63-4 
63-9 
64-5 
650 
65*5 
660 


Aqueous 

idoohol 

A 


123 
124 
126 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 


Ahsolnte 
alcohol 

B 


66-5 
670 
67-6 
681 
68-6 
69-1 
69-6 
701 
70-6 
71-3 
71-8 
72-3 
72-8 
73-3 
73-8 
74-3 
74*8 
75-3 
76-8 
76-3 
76-8 
77-3 
77-8 
78-3 
78-8 
79-3 
79-8 
80-3 


7b  deUrmine  the  Sugar  and  Dextrin, — ^A  weighed  quantitj  of  beer  is  evaporated  to 
a  ajmpj  oonsistencj,  and  the  residue  treated  with  aloohol  to  dissolye  out  the  sugar, 
this  operation  being  repeated  until  all  the  sugar  has  dissolved ;  the  alcohalic  extracts 
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are  ooUaetad  and  heated  to  dzyneu,  and  the  sugar  dried  and  weighed.  The  dextrin  ii 
determined  by  diluting  with  water  the  residue  insoluble  in  alcohol  and  boiling  with 
sulphuric  acid,  by  which  the  dextrin  is  conyerted  into  sugar,  and  may  be  detennioed 
by  means  of  FehUng's  copper  solution. 

Determmatum  qf  the  Meohol, — Besides  the  hallimetrie  test^  a  method  often  em- 
ployed consists  in  placing  a  weighed  quantity  of  beer  in  a  flask  connertad  with  a 
lieDig  condenser,  and  distilling  off  about  one-third  of  the  beer. 

By  means  of  Geissler's  raporimeter  the  alcoholic  contents  of  any  aqueous  liquid  is 
determined  from  the  tension  exhibited  by  the  liquid  when  httftted  to  100^.  When 
beer  is  to  be  tested  in  this  way  it  requires  preYiously  treating  with  lime,  so  as  to 
remove  from  it  carbonic  add. 

The  tension  of  a  liquid  thus  treated  is  of  course  greater  in  proportion  to  its  alcoholic 
contents.  The  apparatus  consists  of  a  glass  vessel  for  holdii^  the  beer  or  other 
liquid  to  be  determined,  and  which  can  be  heated  by  steam  to  100^.  The  vessel  is 
connected  with  the  short  arm  of  a  doubly  limbed  tube,  the  long  limb  of  which  dipping 
in  mercury  shows  by  means  of  suitable  graduations  the  tension  which  ooneBponds 
with  the  iJooholic  contents  of  the  liquid.  * 
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Bistory. — Acetic  acid  was  known  in  the  form  of  vinegar  at  a  vwy  remote 
period,  the  Jews,  Qreeks,  and  Romans  having  been  acquainted  with  itB  medicinal  pro- 
perties as  well  as  its  domestic  uses.  Dioscorides  and  Pliny  also  treat  of  the  appuca- 
tion  of  vinegar  in  medicine.  The  alchemists  first  obtained  ncetic  acid  by  dlstilhition,  and 
in  the  eighth  century  Geber  prepared  it  in  a  concentrated  form,  liasil  Valentin  was 
probably  the  first  chemist  to  prepare  acetic  acid  fh)m  an  acetate,  using  ciystallised 
verdigris  and  basic  acetate  of  copper.  The  production  of  pure  and  concentrated 
vinegar  was  improved  at  the  commencement  of  the  eighteenth  century  by  Stahl,  who 
showed  that  the  concentration  of  vinegar  was  to  be  accomplished  by  fireeadng  out  the 
water,  and  that  the  strong  acid  comd  be  obtained  by  distilling  acetate  of  potash 
or  sugar  of  lead  with  sulphuric  acid.  The  production  of  acetic  acid^  dry  distillation 
of  vegetable  substances  was  mentioned  by  Glauber  in  1648,  but  H.  Kopp  is  of  opinion 
that  wood  vinegar  was  known  anterior  to  that  time. 

Ooonrrenoe. — Acetic  acid  occurs  in  the  juice  of  various  plants,  partly  in  the  free 
state,  and  partly  in  combination  with  lime  or  alkalies.  It  is  a  normal  constituent  of 
many  animal  liquids,  and  it  has  been  observed  in  sweat  and  in  putrefying  animal  and 
vegetable  substances.  It  occurs  also  as  a  product  of  the  oxidation  of  alcohol,  and  the 
alteration  of  dilute  alcoholic  liquids,  such  as  wine,  beer,  etc,  which  become  sour  when 
exposed  to  contact  with  atmospheric  air,  consists  essentially  in  the  conversion  of  the 
aloohol  they  contain  into  acetic  acid.  This  phenomenon,  which  is  termed  acetous 
fermentation,  is  jpromoted  by  the  presence  of  a  peculiar  fungus  or  mildew,  which 
is  readilv  developed  m  such  liquids.  Acetic  acid  likewise  occurs  among  the  products 
obtainea  by  the  action  of  heat  upon  wood  and  other  analogous  materials. 

Ckimposltlon. — Pure  acetic  acid  has  the  formula         *^  [  ^t  and  is  the  hydrate  of 

an  oxygenated  radical  acetyl,  C,HgO,  which  is  derived  firom  alcohol  by  the  sub- 
stitution of  oxygen  for  part  of  the  hydrogen  in  the  ethyl,  as  shown  by  the  following 
equation: 

The  anhydrous  acid  or  acetic  anhydride  has  the  formula  n^Q  [  0. 

diaraoters. — ^At  ordinary  temperatures  acetic  acid  is  a  pungent  and  colourless 
liquid,  which  solidifies  by  cooling  to  a  crystalline  mass.  The  solid  acid  melts  at  16^, 
but  the  liquid  must  be  cooled  far  below  that  point  to  make  it  solidify.  A  very  small 
quantity  of  water  lowers  the  solidifying  point  very  considerably.  The  boiling  point  is 
about  1 19^  and  the  vapour  is  inflammable.  Acetic  acid  has  a  specific  gravity  of  1*068  at 
12'6° ;  it  is  misdble  in  all  proportions  with  water ;  the  gravity  first  increases  and  then 
decreases  as  shown  in  the  following  table.  For  this  reason  a  solution  containing  64 
per  cent,  of  pure  acetic  acid  has  the  same  specific  gravity  as  the  pure  acid. 


Acetic  add 

Aoeyoadd 

per  cent. 

sp.gr. 

per  cent. 

ip.gr. 

100 

10686 

S6 

1046 

90 

10780 

80 

1-040 

80 

10786 

26 

1-084 

70 

1070 

20 

1-027 

60 

1067 

16 

1022 

50 

1060 

10 

1016 

46 

1066 

6 

1007 

40 

1061 

I 

1-001 

Consequently  specific  gravity  does  not  indicate  the  amount  of  acetic  aeid.  It 
would  be  better,  at  least  with  an  acid  which  is  not  too  dilute,  to  estimate  its  ftiaqgth 
by  the  solidifying  point. 
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The  foUoving  tal»le  l>y  H.  Rudorif  giTOS  the  solidifyiDg  poinu  of 
different  ftrengths : 


arid  of 


Water.  T*^  cent. 

SidUdifyinir  point. 

Water,  per  oat. 

SoiUtf jinc  poii 

O'o 

le^**  c 

7-407 

6-25  C 

0-497 

16-65*> 

8-257 

63° 

OO'JO 

14-8° 

9-090 

4-3' 

1-477 

140'- 

9-910 

8-6«» 

1-961 

18.26*> 

10-714 

2-7* 

2*912 

11-96® 

18-048 

-0^-^ 

3-846 

10-60* 

16-324 

-2-60 

4-761 

9-4« 

17-366 

-6-1° 

d'66(» 

8-2<» 

19-364 

-7-4« 

6-642 

7-1^ 

1 

As  Bolpharie  acid  exerts  a  eonsidemble  influenee  on  tha  solidtfying  point  of  acetk 
acid,  no  Tidue  can  be  attached  to  the  aolidifying  point  when  this  acid  is  present. 

Acetic  acid  is  also  miseible  with  alcohol,  and  with  ether  in  all  propoctionB ;  in 
many  ethereal  oils  it  is  insoluble,  and  it  is  the  more  insolable  as  the  hydration  of  the 
add  increases. 

A  ffood  test  of  the  parity  of  aeetic  acid  is  the  degree  to  which  lemon  oil  dissolTct 
in  it ;  the  pore  acid  should  entirely  dissolve  one-tenth  of  lemon  oil.  Gratia,  fibrin,  alba- 
min,  camphor,  and  gun  cotton  are  dissolved  by  cold  acetic  acid.  Aoedc  acid  is  expdlad 
firom  its  salts  by  sulphuric  acid,  hydrodiloric  acid,  or  phosphoric  add,  but  it  deeoai- 
poses  carbonates  and  expels  many  volatile  organic  aeids  firom  their  respective  salts. 

The  salts  of  acetic  add  are  variously  aflb^ed  by  heat.  Some  loae  a  portion  of  the 
add,  others  yield  acetone. 

Acetic  anhydride  is  a  liquid  boiling  at  117*6** ;  its  specific  gravity  is  1-0799.  It 
combines  very  eneigeticall^  with  water,  forming  the  hydrate  or  hydrogen  salt  csUed 
aeetic  add,  the  corresponding  compounds  of  the  oxide  with  basie  oocides  being  esUsd 
acetates. 

An  aqueous  solution  containing  ftom  8  to  ^  per  cent,  of  acetic  add  is  knovn  by 
the  name  of  vinegar,and  used  for  domestic  purposes.  It  also  contains  small  qnaatitieioi 
alcohol,  ethereal  oils,  sugar,  dextrin,  colouring  matters,  and  soluble  salts.  Thenstan 
of  the  other  constituents,  which  impart  the  characteristic  smell  and  taste,  depends  1901 
the  kind  of  material  the  vinegar  has  been  made  from.  Wine  vinegar  has  a  bettor  fiavoor 
than  the  vinegar  made  from  brandy  or  beer. 

yrepaimtion. — The  principal  source  of  acetic  add  is  the  aqueous  liquid  ob- 
tained, together  with  tar  and  combustible  gases,  when  wood  is  sulsjected  to  destznctiTe 
distillation. 

The  nature  of  the  product  obtained  in  this  way  depends  upon  the  kind  of  wood 
operated  upon,  and  the  temperature  at  which  the  operation  is  conducted. 

The  best  wood  for  the  purpose  is  that  of  foliaceons  trees  grown  on  dry  soiL  Th0 
wood  of  pine  and  fir  trees  is  not  so  productive. 

Acconiing  to  the  experiments  of  Peters  the  following  results  are  obtained  bom 
various  kinds  of  wood  : 


Wood 

Acetic 

vinevnu: 

acid 

Tur 

CtelxB 

p.  cent. 

p.  cent. 

p.  cent. 

Beech 

48-3 

61 

4-9 

23-9 

Birch 

480 

6-7 

60 

21-1 

Alder 

47*7 

3-9 

6-2 

24-0 

Oak. 

47-6 

6-4 

6-4 

24-9 

Ash  .... 

46-8 

40 

6-4 

23-7 

Copper  beech 

46.3 

6-3 

6-2 

23-8 

Lime 

46-2 

6-3 

8-9 

21-8 

Fir  (Scotch) 

44-9 

2-7 

10-1 

28-0 

Willow     . 

43-4 

6-3 

6-2 

23-6 

Larch 

42-8 

2-9 

9-5 

22-6 

Maple 

42-2 

6-6 

6-2 

26-3 

Silver  fir  . 

40-9 

2-4 

11-0 

26-1 

Pine         .         .         .         . 

40-6 

2-8 

9-4 

28-3 

In  England  the  wood  for  this  purpose  is  obtained  ftom  the  oak,  beech,  birch,  hawtbon, 
and  apple  trees,  less  frequently  from  the  hazel,  alder,  ash,  and  maple,  and  seldom  bom 
the  poplar,  elm,  and  pino.  Chapman  has  stated  that  the  oak,  which  is  ahnostalvaji 
taken  striuped  of  its  bark,  yields  the  best  wood  vinegar,  but  a  friable  diazeoal  vw 
has  n  small  bulk.    Beech  wood  yields  very  good  charcoal,  together  with  a 
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qiuntity  of  wood  ipirit  and  creosote.    Birch,  hawthoro,  and  apple  trees  give  very 
pure  wood  vinegar. 

The  roots  of  trees  yield  a  very  good  product,  but  they  are  difficult  to  cut  up,  so 
as  to  be  suitable  for  distillation  only.  They  must  not  be  rotten,  nor  must  rotten  wood 
of  any  kind  be  used  for  distillation. 

Next  to  the  kind  of  wood,  the  temperature  employed  in  the  distillation  is  of  im- 
portance as  regards  the  yield.  Chapman  obtained  results  vaiying  from  13  to  27  per 
cent,  of  charcoal,  according  as  he  used  a  higher  or  lower  temperature  in  distilbng 
oak  sawdust. 

The  higher  the  temperature  the  less  charcoal  is  obtained,  A  better  yield  is  ob- 
tained by  slowly  increasing  the  temperature ;  the  quicker  the  temperature  is  raised 
the  less  liquid  products  are  obtained,  but  more  gaseous  products  are  produced.  Slow 
carbonisation  is  therefore  to  be  recommended. 

The  kind  of  apparatus  to  be  used  varies  acooiding  to  the  nature  of  the  raw 
mat4>rial.  For  heavy  wood  which  can  be  brought  in  logs — the  refuse  from  dockyards 
of  timber,  etc. — it  is  customary  to  use  a  horizontal  cast-iron  retort,  somewhat  similar 
to  a  gHS  retort.  It  is  from  7  to  10  feet  long  and  2^  to  3^  feet  in  diameter.  A  vertical 
cylindrical  vessel  would  equally  serve  the  purpose.  The  retort  is  fed  with  the  logs, 
aod  the  cover  having  been  fitted  on,  the  required  heat  is  obtained  from  a  fire  under- 
neath. 

The  volatile  products  escape  through  an  outlet  in  the  upper  part  of  the  cylinder, 
and  the  charcoal  remains  behind.  The  distilled  products  are  passed  through  a  con- 
denser surrounded  with  cold  water,  into  a  receiver  where  the  tar,  water,  vinegar,  and 
wood  spirit  are  condensed,  and  the  noncondensable  gases  escaping  through  an  open- 
ing in  the  lower  part  of  the  condenser  are  generally  carried  to  the  furnace,  so  as  to 
effect  a  saving  of  fuel*  as  these  gases  consist  of  marsh  gas,  olefiant  gas  and  other 
combustible  gases.  At  the  end  of  the  distillation,  which  in  a  laige  retort  will  take  about 
twenty-four  hours,  the  hot  charcoal  is  as  quickly  as  possible  placed  either  in  a  closely 
fitting  sheet-iron  vessel  or  in  a  well-closed  brick  chamber. 

When  light  wood  and  irregularly  sized  pieces  are  to  be  worked  up  with  small 
branches,  brick  ovens  with  direct  or  indirect  firing  are  advantageously  used  instead  of 
retorts.  The  oven  is  either  closed  with  an  ardi  or  open  at  the  top,  in  which  case, 
after  the  wood  has  been  placed  in  the  oven,  it  is  coverod  with  a  layer  of  earth  and 
turf.  In  Reichenbach's  oven  the  heating  is  effected  by  means  of  iron  tubes  passing 
through  the  oven,  and  heated  to  a  red  heat  by  a  fire  outside. 

Halliday  has  constructed  a  very  excellent  apparatus  for  the  distillation  of  saw- 
dust and  such  like  wood  refuse.  It  is  a  horizontal  cast-iron  retort,  heated  externally 
by  a  furnace.  On  the  front  end  is  a  filling  hopper,  in  the  cylindrical  neck  of  which  a  screw 
turns  to  regulate  the  filling.  In  the  retort,  also,  another  screw  revolves,  and  gradu- 
ally drives  5ie  sawdust  from  the  feeder  through  the  retort.  In  this  way  perfect  car- 
bonisation is  effected. 

The  volatile  products  are  led  off  and  condensed,  and  the  charred  residue  is  allowed 
to  fall  from  the  end  of  the  retort  into  an  air-tight  iron  box,  or  into  water,  in  which 
case,  the  discharge  pipe  dips  into  the  water. 

TVeatment  of  the  Crude  DiatiUatt. — ^The  crude  distillate  obtained  by  the  dry  dia- 
tillation  of  wood  is  allowed  to  rest  for  some  time  in  a  reservoir  where  it  separates 
into  two  layers,  the  upper  one  containing,  besides  much  water,  the  acetic  acid  and 
wood  spirit,  while  the  lower  layer  consists  of  tar.  The  aqueous  layer  having  been 
drawn  off  as  clear  as  possible,  and  filtered  through  sand,  is  subjected  to  fractional 
distillation  in  a  copper  retort,  heated  by  steam  pipes.  The  wood  spirit,  coining  over 
in  the  first  fifth  of  the  distillate,  is  again  fractionated  over  quicldime,  and  finallv 
treated  with  a  little  sulphuric  acid  to  remove  the  ammonia.  It  still  contains  such 
impurities  as  acetone,  empyreumatic  oils,  ethers,  etc  After  the  removal  of  the  spirit 
the  distillation  is  continued,  and  the  wood  vinegar  distilling  off  is  condensed  and 
collected  in  a  fresh  receiver.  The  tar  remaining  in  the  still  is  run  off  by  a  cock  from 
the  bottom. 

In  many  works  the  acid  is  neutralised  with  lime  befbre  distilling  off  the  wood 
spirit  In  this  case  the  residue  in  the  retort  contains  acetate  of  lime ;  iron  instead  of 
copper  retorts  can  be  employed  in  working  by  this  method. 

The  crude  acetic  acid  is  purified  by  first  neutralising  with  lime  or  soda,  either 
befbre  or  after  distillation.  When  the  liquor  has  settled  it  is  drawn  off  clear  and 
evaporated  until  it  crystallises.  The  calcium  or  sodium  acetate  thus  obtained  is 
separated  from  the  mother  liquor,  dried  between  230^  and  250°  C,  and  distilled  with 
sulphuric  acid  to  obtain  pure  acetic  acid.  Acetate  of  lime  has  previouslv  to  be 
treated  in  solution  at  a  specific  gravity  of  1*2,  with  powdered  sulphate  of  soda,  so  as 
to  form  the  sparingly  soluble  double  sulphate  of  lime  and  soda,  and  leave  in  solu- 
tion the  acetate  of  soda,  which  can  be  recovered  by  crystallisation. 
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HydrochloTic  acid  might  be  employed  to  decompose  the  acetate  of  lime  instead  of 
converting  the  calcium  s^t  into  soaiam  acetate,  but  care  must  then  be  taken  to  avoid 
using  any  great  excess  of  hydrochloric  acid  or  the  distillate  would  be  impure. 

When  the  crude  product  is  neutralised  with  lime  before  distilling  off  the  wood- 
spirit,  the  residual  liquor  is  evaporated  down  and  the  dry  mass  is  heated  until  oil  and 
tarry  vapours  are  no  longer  disengaged. 

MAin^PACTUBB  OF  ViKBGAB. — The  oonvoTsion  of  the  alcohol  in  beer  or  wine  into 
acetic  acid  is  a  phenomenon  {jEoniliarly  known  as  the  acetous  fermentation,  and  the 
dilute  solution  of  acetic  acid,  known  as  vinegar,  is  usually  made  in  this  way.  Various 
dilute  alcoholic  liquids,  such  as  wine  or  fermented  malt  infusion,  are  employed  for  this 
purpose ;  the  change  that  takes  place  consisting  in  oxidation  of  the  aicohcd  they 
contain,  and  being  associated  with  tne  development  of  the  mildew  fungus  odled  Mveo- 
derma  aoeti,  ordinarily  known  as  mother  of  vinegar,  or  vinegar  mould,  which 
forms  a  coating  upon  the  surfSsice  of  the  liquid  undergoing  acetous  fermentation.  A  very 
small  quantity  of  this  fungus  placed  on  the  surface  of  a  dilute  alcoholic  liquid  will 
in  a  short  time  convert  the  alconol  into  acetic  acid.  If  the  alcoholic  liquid  contain 
albuminous  substances  and  alkaline  phosphates,  as  is  the  case  with  wine  and  beer,  the 
fungus  rapidly  multiplies  and  the  formation  of  vinegar  is  accelerated. 

The  conversion  of  the  alcohol  into  acetic  acid  always  takes  place  at  the  surface  of  the 
liquid  and  continues  only  so  long  as  the  fungoid  growth  floats  upon  the  liquid.  When 
it  sinks  below  the  surface  out  of  contact  with  the  air,  the  action  ceases.  It  is  still  a 
matter  of  doubt  whether  the  action  of  the  Mycodenna  aeeii  is  physiological  or  merely 
physical.    The  feust  that  it  can  also  oxidise  acetic  add  into  carbonic  acid  and  water 

rks  in  finvour  of  a  physical  action.  It  has  also  been  suggested  as  explanatory  of 
change  that  the  mother  being  itself  a  material  in  a  state  of  decay  by  oxidation, 
it  induces  the  same  change  in  alcohol.  This  view  receives  support  firam  the  fkct 
that  alcohol  vapour  brought  into  contact  with  decaying  wood  is  slowly  converted  into 
acetic  acid,  'niis  assumption  is  not  opposed  to  the  action  of  atmospherio  oxygen 
causing  this  change. 

The  concentration  and  temperature  of  a  liquid  have  an  important  inflnenee  on  the 
formation  of  acetic  acid.  The  amount  of  alcohol  in  the  liqmdmust  not  exceed  11 
per  cent.,  since  acetificatiun  does  not  take  place  in  liquids  containing  much  alcohol ;  on 
the  other  hand  the  change  takes  place  ver^  slowly  in  liquids  containing  but  very 
little  alcohol.  Usually,  therefore,  no  liquid  is  used  containing  less  than  2  or  8 
per  cent  of  alcohol.  The  temperattire  must  be  kept  above  20°,  or  even  higher,  in  order 
to  hasten  the  action,  but  it  should  not  ^exceed  40°,  otherwise  alcohol  may  be  carried 
off  by  evaporation. 

Only  such  liquids  as  wine,  beer,  malt  infusion,  or  beet-root  juice,  are  employed  for 
making  vinegar,  according  to  the  old  method,  as  these  oont^n,  in  the  form  of  albu- 
rn enoids  and  various  salts,  a  considerable  quantity  of  nutriment  for  the  ftingoid 
g^wth. 

Wine  Vinegar. — In  the  manufacture  of  wine  vinegar,  as  carried  on  in  wine-pro- 
ducing districts,  both  sound  wine  and  wine  that  has  become  sour  are  used. 
As  the  wine  must  be  clear,  it  is  necessary  to  filter  or  otherwise  clarify  muddy 
wine.  White  wine  is  quickly  acetified,  and  old  wine  more  quickly  than  new 
wine  containing  much  sugar.  Wine  containing  more  than  1 1  per  cent,  of  alcohol 
requires  to  be  diluted.  The  oak  casks  called  '  mothers,'  which  are  employed  in 
making  vinegar,  have  a  capacity  varying  between  25  and  100  gallons.  They  ai«  bored 
at  both  ends  so  as  to  give  free  access  to  air  in  the  space  above  the  liquid  contents,  and 
each  cask  is  provided  with  a  hole  for  manipulation,  emptying,  etc  Small  casks  are 
preferable  to  those  of  large  capacity,  for  the  reason  that  a  greater  snrfiu*e  of  liquid 
IS  exposed  in  several  small  casks  than  in  one  large  one.  The  casks  are  filled  one 
above  another  on  a  wooden  stand  in  the  fermenting  chamber,  where  the  temperature 
is  maintained  between  25*^  and  30°.  As  the  heat  generated  by  the  conversion  of  the 
alcohol  is  not  inconsiderable,  great  care  is  necessary  in  places  where  the  casks  ars 
closely  packed,  and  proper  ventilation  maintained. 

At  the  commencement  of  the  operation  the  casks  are  filled  to  one  third  of  thmr 
capacity  with  old  and  previously-hoated  vinegar,  and  to  this  two  or  three  gallons  of 
wine  are  added.  The  mixture  is  allowed  to  stand  for  eight  days,  during  which  time 
the  acetic  fungi  in  the  old  vinegar  convert  the^  alcohol  in  the  added  wine  to  vinegar, 
and  increase  at  the  expense  of  the  nutriment  present  in  the  wine.  Another  similar 
quantity  of  wine  is  then  added,  and  this  is  repeated  twice  more  at  the  same  interval 
of  time.  EUght  days  after  the  last  addition,  vinegar,  equal  to  the  total  quantity  of 
wine  added,  is  drawn  off,  and  the  same  operation  is  repeated. 

OccaB\oT\a\VY  \\.  V^Vii'^pens  that  without  any  visible  cause  the  acetous  f^rmentatioi 
gradually  d\m\m&Yieb  Vti  ^  ^XxCeix^xdasasc  and  almost  entirely  ceases.    Aoeordii^  to 
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Pastear  this  is  duo  to  tho  presence  of  minute  animalcules ctvUed  vinegar  eels,  which 
consume  the  oxygen  uecesiMry  to  the  development  of  the  Myccderma  aceti.  When 
this  has  proceeded  80  far  that  these  animalctdeB  rise  to  the  sur£tce  of  the  liquid  in 
the  place  of  the  mycoderma,  the  progress  of  the  fermentation  is  arrested.  The  readiest 
method  to  overcome  the  difficulty  is  to  empty  the  casks  and  refill  with  hot  vinegar, 
whilst  in  many  eases  the  same  result  can  be  obtained  by  adding  stronger  wine  or  by 
increasing  the  temperature. 

In  the  usual  course,  every  six  or  eight  years  the  casks  require  to  be  emptied  and 
purified  from  the  large  mass  of  dead  fVingi  (mother  of  vinegar),  tartar  SAd  other 
salts  adhering  to  the  bottoms  and  sides. 

Aocordinff  to  the  Orleans  method,  originated  by  Pasteur,  the  wine,  or  other  alco- 
holic liquid,  IS  placed  in  a  vat,  together  with  vinegar  fungi,  obtained  in  a  previous 
operation.  The  fungi  rapidly  spread  over  the  surface  when  the  liquid  contains  the 
necessary  food,  and  at  the  same  time  acetic  acid  is  formed  by  the  oxidation  of  the 
alcohol.  Fresh  wine  is  added  daily ;  and,  when  the  acetification  is  over,  the  vinegar 
is  drawn  off.  The  fungi,  after  being  washed,  can  be  used  for  a  fresh  operation.  A 
barrel  of  from  10  to  20  gallons  capacitv  will  daily  turn  out  a  gallon  to  a  gallon  and 
a  quarter  of  vinegar.  If  dilute  alcohol  be  used,  the  food  of  the  fungus  in  the  shape 
of  alkaline  and  magnesian  phosphates  must  be  added.  Breton-Laugier  uses  a  mixture 
of  vinegar  and  wine,  and  keeps  it  in  barrels  of  about  27  gallons  capacity,  at  a  tempeni- 
ture  of  26-60^  G.  with  vinegar  fungi.  After  eight  to  ten  days  the  entire  quantity  is 
acetified. 

Bier  Vinegar, — Only  soured  beer  is  used  for  this  purpose,  since,  on  accotmt  of  its 
containing  hop  extract,  it  is  not  generally  suitable  for  vinegar  making.  As  it  is  poor 
in  alcohol  some  spirit  is  added,  together  with  water  in  oxder  to  dilute  tho  extractive 
constituents.  Beer  that  has  been  made  by  surfiice  fermentation,  on  account  of  it 
containing  less  hops,  is  more  suitable  than  that  made  by  bottom-fermented  beer.  The 
acetification  of  beer  is  carried  out  in  a  manner  similar  to  the  manufacture  of  wine 
vinegar. 

Malt  and  Grain  Vinegar. — The  manufacture  of  vinegar  from  malt  or  grain  is 
largely  carried  on  in  England.  The  wort  is  prepared  from  a  light  kiln-dried  malt,  or 
from  a  mixture  of  malt  and  grain,  by  the  mashing  process  as  described  under  the  ar- 
ticle Bbvb  (p.  946),  with  the  exception  that  the  mash  is  neither  boiled  nor  are  hops 
added  to  it  The  wort  having  been  brought  to  the  fermenting  temperature,  and  al- 
lowed to  ferment,  is  run  into  me  vinegar  casks,  which  are  either  placed  in  rooms  or 
exposed  in  the  open  air.  Wlien  the  acetification  is  completed  the  vinegar  is  siphoned 
off  as  clear  as  possible  into  a  wooden  trough  connected  with  the  common  reservoir. 
Before  the  vinegar  is  run  into  the  store  vats  it  must  be  made  quite  clear  by  being 
passed  through  suitable  clarifying  vats,  which  consist  of  large  vessels  provided  with 
sieve  bottoms  covered  with  such  materials  as  straw,  wood  shavings,  or  better  with 
grape  stalks. 

Beet-root  Vinegar. — ^Although  the  preparation  of  vinegar  from  this  source  is  but 
recent  a  number  of  reci^  are  extant ;  but  this  method  has  not  vet  met  with  mnch 
favour.  Tlie  juice  obtained  in  the  ordinary  way,  by  grating  ana  pressing,  is  used 
either  crude  or  purified  with  tannic  acid  or  lime  (see  p.  834),  being  subject  first  to 
the  alcoholic  fermentation  and  afterwards  to  the  acetic  fermentation.  It  is  then 
cbirified  by  subsidence  in  vats  or  by  filtration.  Lepla/s  method  consists  in  cutting 
beet  roots  into  slices  and  setting  up  fermentation  by  immersing  them  in  already  fer- 
menting beet-root  juice.  The  sugar  thus  undergoes  alcoholic  fermentation  in  the  cells 
of  the  roots,  and  upon  exposure  of  the  slices  to  air  the  alcohol  very  soon  undergoes  aceti- 
fication. The  vinegar  can  l)e  either  distilled  with  steam  or  by  washing  the  fermented 
mass.  To  make  vinegar  from  brandy  by  the  old  method  the  plan  followed  is  the  same 
as  described  for  wine  vinegar.  The  brandy,  or  spirit,  is.  diluted  with  water  until  it 
contains  onl^  6  or  7  per  cent  of  alcohol,  then  heatcKi  to  36°  or  40°,  and  finally  mixed  in 
the  fermenting  vats  with  *  mother  of  vinegar,'  the  growth  of  which  is  sustained 
by  adding  pardy  fermented  malt  extract.  The  conversion  of  brandy  into  vinegar  is 
now  more  frequently  carried  oat  by  the  quick  process. 

2%e  Quicle  Vtnegar  Process. — The  production  of  vinegar  by  this  method  has  to  a 
great  extent  superseded  that  of  fermentation  above  described :  it  consists  in  exposing 
a  weak  alcoholic  liquid  to  the  action* of  atmospheric  oxygen  in  such  a  manner  as  to 
present  a  very  extended  snrfiice,  and  thus  to  accelerate  the  oxidation  of  the  alcohol  and 
Its  conversion  into  acetic  acid.  For  this  purpose  the  alcoholic  liquid  operated  upon  is 
made  to  fiow  continuously  through  a  capacious  vessel  into  which  air  is  admitted  so  as 
to  come  into  contact  with  the  liquid  to  be  converted  into  vinegar.  It  is  important  that 
an  abundant  supply  of  air  should  be  passed  into  the  vessel,  because  when  the  oxida- 
tion of  the  aleohof  takes  place  slowly  aldehyd  is  formed  instead  of  acotie  add.  and 
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oo  aeeouDt  of  the  great  roUtilitj  of  this  substance  considermble  Iqm  woald  be 
by  its  escaping  in  the  state  of  vaponr.  Part  of  the  rcssel  in  viiidi  this  operatioB  is 
carried  out  is  therefore  filled  with  some  porous  mat<rrial,  soeh  as  wood  ahsTinga,  ovir 
the  surface  of  which  the  alcoholic  liquid  is  distributed,  and  thus  bnmgiit  man  xn- 
timatelj  into  contact  with  the  atmosplieric  air  passing  throng  the  tmswI  Bj  this 
method  it  is  possible,  owing  to  the  large  snr&ce  ezposue,  to  eooTeit  aleohoi  iate 
acetic  acid  in  three  days,  whilst  bj  the  old  method  it  woold  take  aereral  weeks.  The 
^yparatos,  represented  bj  fig.  697,  consists  of  a  wooden  cask,  or  Tinegsr  gLMritor, 
64  feet  high  by  o]  feet  in  diameter,  and  slightly  cooicaL     A  shelf  (bb\  pcHbtaud 

with    small    tapering  holes,  is   fixed 
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about  6  inches  below  the  eorv  (aa)  of 
the  Tat.  The  shelf  zests  on  a  beech- 
wood  ring  fixed  inside  the  ysL  Iseseh 
hole  is  a  piece  of  string  6  inches  is 
length  which  half  doses  ^  the  hole 
and  is  retained  by  a  knoL  This  shelf 
is  also  prorided  with  larger  holes  to 
contain  glass  or  wooden  tabes  (c  cc)  t9 
act  as  air  Tents.  About  16  or  20 
inches  abore  the  bottom  of  the  tab  is 
placed  a  second  perfiosated  shelf  (nX 
also  resting ona  besdi-wood  rin^ and  3 
inches  abore  it,  at  interrals  so  as  to 
endrele  the  tnbe,  ten  to  fifteen  holes 
(a  ■)  axe  made  whidi  hare  a  downwazd 
inclination  in  order  that  the  down  Ail- 
ing liquor  shall  not  leak  from  the  tab. 
The  space  (f)  between  the  two  sbdves 
is  filled  with  sharings.  The  exit  p^ 
(o)  is  placed  2  indies  above  the  bottom 
of  the  tub  and  is  bent  like  a  siphon, 
bat  with  the  outer  arm  shorter  than  the  inner  one,  so  that  the  vinegar  can  only  fiow 
out  to  a  certain  lerel.  A  thermometer  passing  throogh  the  upper  perforated  shelf 
serves  as  a  guide  to  the  progress  of  the  operation.  A  new  generator,  before  being  used, 
requires  to  be  percolated  for  some  time  with  hot  old  rinegar,  until  the  shaTingB  are 
completely  saturated  ;  then  dilute  spirit,  containing  6  to  10  per  cent,  of  alcohol,  is 
added.  The  liquor  flows  through  Uie  holes  partly  plugged  with  twine  in  small  and 
very  finely  divided  drops,  falling  upon  the  sharings  below,  where,  under  the  infiuence 
of  the  in-coming  air  and  the  vinegar  ferment,  the  aleohoi  is  oxidised,  and  it  collects 
below  the  second  perforated  shelf.  From  the  first  cask  the  partly  conTeited  liquor 
is  passed  throogh  a  second  one,  and  then  through  a  third  similariy  constructed  nwH; 
or,  instead  of  this,  one  vessel  can  have  the  liquor  passed  thrice  through  it. 

Should  the  acetification  be  incomplete  after  a  third  passage  throngh  the  casks  the 
operation  must  be  repeated  again. 

Otto  has  proposed  that,  instead  of  adding  the  alcohol  all  at  <»ice,  a  part  of  it  should 
be  mixed  with  vinegar  and  passed  once  through  the  g^erator,  then  to  pass  throng^ 
another  portion  of  the  alcohol,  and  to  add  the  remainder  after  repeated  percolatioof 
of  the  earlier  portions.  In  this  way  less  vinegar  is  required  to  be  aidded  to  the 
alcohol. 

Only  about  one-tenth,  or  at  most  one-fifth,  of  the  oxygen  in  the  air  passing  throngb 
the  generator  is  absorbed  in  the  oxidation  of  alcohol,  and  consequently  a  Isifc 
quantity  of  air  is  discharged  above,  which  causes  considerable  loss  of  alcohol  and 
acetic  acid  vapour.  Payen  has  proposed,  therefore,  to  pass  the  escaping  vapous 
through  a  worm  condenser  fitted  to  each  generator ;  or  to  pass  the  air  over  copper 
turnings  and  form  verdigris. 

At  the  commencement  of  the  process  the  temperature  in  the  vinegar  room  it 
brought  to  38°  C,  but  as  the  operation  progresses  and  the  temperature  rises  in  the 
generator,  the  heat  is  lowered  to  20°  or  23^  C.  The  alcoholic  liquid  first  used  for 
the  generator  is  heated  to  60^  to  52^  C,  but  when  the  process  is  in  full  operation  the 
temperature  of  the  liquor  is  maintained  between  26°  and  27°  C. 

Payen  describes  a  new  method  as  carried  out  in  the  manufactory  of  KoeUts.  In 
an  enclosed  chamber  on  an  upper  fioor  are  placed  fifty-four  conical  Tessels  provided 
with  fiilse  bottoms.  Each  vessel  is  4  feet  high,  has  a  width  at  the  top  of  4  feet,  and 
at  the  bottom  of  4  feet  10  inches ;  on  the  perforated  bottom  are  placea  fourteen  hori- 
aontal  lasers  of  beech-wood  shavings  rolled  in  a  spiral  form  and  pressed  together. 
Each  spiral,  held  together  by  a  cross  band,  measures  about  8  incnes  by  6  indies 
in  diameter,  and  is  2  inches  high.    Each  layer  contains  fortf -eight  soeh  qpiuh; 
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therefore  the  fourteen  layers  contain  672  spirals,  and  these,  having  twenty-eight  twists 
and  being  une  twenty-fifth  of  an  inch  thick,  represent  a  total  su^bee  of  about  42,800 
square  feet  The  cbimber  is  maintained  at  a  temperature  of  25^  C.  The  alcoholic 
liquid  to  be  acetified  is  pr^Mired  so  as  to  contain  about  7  per  cent  by  volume  of 
alcohol,  and  it  is  passed  through  a  kind  of  rose  feeder  from  a  vessel  over  the  casks 
upon  the  boech-wood  spirals ;  the  oxidation  which  follows  raises  the  temperature  to 
27^,  and  the  liquor  collects  in  the  space  under  the  perforated  bottom  completely  con- 
verted into  vinegar  containing  about  11  to  12  per  cent,  of  acetic  acid.  In  order 
to  oxidise  the  alcohol  a  stream  of  air  is  passed  through  each  generator  by  a  wooden 
pipe  at  the  bottom,  and  is  conducted  into  a  chimney  common  to  the  entire  apparatus. 
By  slowly  allowing  the  mixture  to  flow  over  the  beech  shavings  the  acetificAtion  is 
finished  in  two  hours,  and  by  adding  at  such  intervals  about  10  pints  of  liq.uid  containing 
5  pints  of  14  per  cent  alcohol  and  5  pints  of  7  per  cent  vinegar,  a  yidd  of  upwards 
of  800  gallons  in  twenty-four  hours  can  be  obtained  from  fifty-four  generators. 

Mr.  Singer  has  described  a  generator  where  the  wood  shavings  are  not  used.  The 
liquor  flows  continuously  in  a  thin  stream  through  vertical  pipes  upon  eight  channels 
placed  some  distance  apart.  Air  has  access  to  the  pipes  through  slits  at  the  lower 
part  The  diameter  of  the  apparatus  is  about  5  feet  and  the  pipes  number  138,  each 
of  which  measures  21  inches  in  length  and  one-flfth  of  an  inch  in  diameter. 

Vinegar  is  conveniently  tested  by  Otto's  method  with  the  acetometer,  which  is  a 
graduated  tube  represented  by  fig.  698,  of  about  1  £x>t  in  length  and  ^  inch  in  diameter. 
From  the  bottom  of  the  tube  to  a  «  1  cubic  centimetre  or  1  gram, 
from  a  to  6  s  6  cubic  centimetres  or  5  grams,  from  6  to  c  »  6  cubic 
centimetres  or  6  grams,  in  all  cases  of  water.  Each  division  above 
c  answers  to  2*07  grams  of  ammonia  solution  of  sp.  gr.  1*869, 
and  this  quantity  exactly  saturates  0*1  gram  of  acetic  acid.  The 
tube  is  filled  to  a  with  litmus  solution  and  from  a  to  6  with  the 
vinegar  under  examination.  If  the  ^Hnegar  is  strong,  only  suflScient 
is  taken  to  fill  up  to  6,  this  diluted  with  water  to  c ;  in  that  case  the 
result  must  be  multiplied  by  two.  The  sUmdard  ammonia  is  added 
with  frequent  shaking  until  the  red  litmus  tint  is  changed  to  the 
neutral  tint  The  number  of  divisions  to  which  ammonia  is  added 
gives  at  once  the  percentage  of  acetic  acid.  For  example,  if  ammo- 
nia has  been  addea  to  the  seventh  division,  then  the  quantity  of  acetic 
add  s  7  X  0*1  =  0'7  grams  in  10  grams  of  the  vinegar,  or  7  per 
cent. 

Instead  of  ammonia  solution  a  10  per  cent,  soda  solution  can  be 
used  equally  well. 

The  older  method,  in  which  to  a  known  quantity  of  vinegar  solid 
carbonate  of  potash  is  added  until  the  neutral  tint  is  obtained,  after 
boiling  the  liquid,  gives  less  exact  results.  The  same  applies  to  (Jie 
meth(3  of  estimation  by  the  loss  occasioned  by  a  weighea  piece  of  carbonate  of  lime 
or  marble  when  immersed  in  the  vinegar.  An  equivalent  quantity  of  carbonate  of 
lime  is  dissolved  by  the  acetic  acid ;  6  grams  of  carbonate  of  lime  —  6  grams 
acetic  add. 

As  already  mentioned  the  areometer  is  not  suitable  for  acetic  acid  testing,  as  its 
spedfic  gravity  increases  by  adding  water  to  a  certain  point,  and  then  again  diminishes. 

Kieffer  titrates  the  vinegar  with  a  standard  solution  of  ammonio-cupric  sulphate 
until  a  precipitate  ensues. 

Other  adds  are  frequently  added  to  increase  the  strength  of  vinegar.  This  prac- 
tice when  carried  out  to  a  considerable  extent  is  prejudicial  to  the  health.  The  acids 
chiefi^  used  for  the  purpose  are  sulphuric  and  tartaric  acids,  and,  exceptionally,  hydro- 
chloric and  nitric  acids. 

To  detect  sulphuric  acid,  a  drop  of  baric  chloride  is  added ;  if  only  a  slight  precipi- 
tate is  formed,  it  would  be  due  to  the  sulphates  of  the  water  used  in  the  manufacture,  but 
if  a  considerable  predpitate  is  formed,  free  sulphuric  acid  must  be  tested  for  as  follows. 
Some  of  the  vinegar  is  mixed  with  a  little  stareh,  and  distilled  in  a  retort  to  one  half 
its  original  volume.  If  free  sulphuric  add  is  present,  it  converts  the  starch  into  sugar ; 
and,  on  adding  to  the  cold  liquid  iodine  solution,  the  blue  coloration  characteristic  of 
starch  is  not  produced. 

Tartaric  add  is  only  to  be  tested  for  in  wood  vinegar,  etc.,  as  wine  vinegar  contains 
it  naturally.  The  procedure  is  as  follows  : — The  vinegar  is  evaporated  on  the  water 
to  a  syrup ;  the  residue  mixed  with  a  very  little  water  and  a  small  quantity  of 
ferric  chloride,  and  boiled ;  caustic  potash  is  then  added  until  the  liquid  has  an 
alkaline  reaction,  and  the  whole  is  filtered.  If  upon  sulphuretted  hydrogen  being  added 
to  the  filtrate,  it  fives  a  black  predpitate,  the  presence  of  tartaric  acid  is  indicated. 

To  test  for  hjorochlorie  acid,  some  of  the  vinegar  is  distilled  in  a  retort.  If  the  distil* 
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late  tested  with  mtrate  of  silver  solution  gives  a  [^redpitate  of  chloride  of  silyer,  the 
presence  of  free  hydrochloric  acid  is  indicated.  Nitric  acid  is  detected  by  neutiaiinng 
with  carbonate  of  soda,  evaporating  to  dryness,  and  boiling  with  copper  foil  and  sul- 
phuric acid^  a  disengagement  of  red  fumes  of  nitrous  acid  gives  evidence  of  the  pre- 
sence of  nitric  add. 

Vinegar  is  frequently  mixed  with  cayenne  pepper  and  other  hot  spieee  in  order  to 
give  it  a  pun^nt  or  aromatic  taste.  These  are  easily  discovered  by  their  taste  when  the 
acid  of  the  vinegar  is  neutralised  with  carbonate  of  soda.  The  vinegar  is  sometimes 
contaminated  with  poisonous  metals  derived  from  the  vessels  used  in  the  manufiietiire, 
as  lead,  copper,  tin,  and  zinc,  all  of  which  can  be  detected  by  their  predpitate  with  sul- 
phuretted hydrogen. 

Vses. — Besides  the  domestic  uses  of  acetic  add  in  the  form  of  vinegar,  this  sub- 
stance is  of  importance  in  the  arts.  It  is  employed  for  the  preparation  of  the  salts 
called  acetates,  such  as  caldum  acetate,  into  which  form  the  crude  acetic  add  obtained 
by  the  distillation  of  wood  is  generally  converted,  either  for  convenience  of  transport 
or  as  a  first  stage  of  purification.  This  salt  is  also  used  in  the  preparation  of  some 
other  acetates,  such  as  aluminum  acetate  and  sodium  acetate,  by  mixins  a  solution 
^th  aluminum  sulphate  or  sodium  sulphate  suffident  to  separate  the  caleinm  in  the 
form  of  sulphate.  An  addition  of  acetic  acid  of  7  per  cent,  strength  is  made  to 
dilute  wine  vinegar  in  order  to  strengthen  it  and  to  render  it  more  durable.  Dilate 
acetic  add  has  idso  been  substituted  for  wine  vinegar,  some  dilute  wine  bdng  added 
to  supply  the  necessary  aroma.  A  great  quantity  of  acetic  add  is  used  in  the  maira- 
fiictare  of  white  lead  (see  p.  393),  and  in  the  preparation  of  aniline  from  nitro-beoaoL 
It  is  also  eztennvely  used  in  chemical  laboratories,  and  for  medidnal  purposes. 
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The  prodncta  of  various  plants,  known  by  the  above  names,  are  extensively  used  in 
various  countries  as  articles  of  food,  and  from  a  chemical  point  of  view  they  present 
many  features  of  resemblance  in  composition. 

Tea  consists  of  the  dried  leaves  of  several  varieties  of  Thea  sinenm^  a  plant  in- 
digenous in  China,  Japan,  and  the  northern  parts  of  India,  where  it  is  extensively 
cultivated.  The  tea  plant  appears  to  be  capable  of  flourishing  in  all  latitudes  between 
the  equator  and  40^,  and  its  cultivation  has  been  introduced  upon  the  southern  decli- 
vities of  the  Himalayas  in  British  India,  in  Java,  Western  Africa,  Brazil  and 
Madeira. 

The  difference  between  black  tea  and  green  tea  was  formerly  supposed  to  be 
due  to  a  difference  in  the  plants  from  which  the  leaves  were  obtained,  but  it  has  now 
been  ascertained  that  green  tea  is  prepared  from  young  leaves  by  a  rapid  process  of 
drying,  whereas  the  black  tea  consists  of  older  leaves  which  are  allowed  to  lie  in 
heaps  for  some  time  after  having  been  gathered,  and  to  undergo  a  kind  of  fermentation 
or  change  somewhat  similar  to  that  taking  place  in  making  hav. 

Cojfee  beans  are  the  perisperms  or  endosperms  of  the  fruit  of  the  coffee  tree 
(Coffea  arabicat  Fam.  Rubiacesp),  deprived  of  uie  pericarp.  The  homy  mass  of  the 
beans  consists  of  thick-walled  pitted  cells.  When  treated  with  sulphuric  add  and 
iodine,  the  cellulose  assumes  a  peculiar  blue  colour;  by  prolonged  contact  the  cell 
walls  dissolve  to  a  mucilaginous  liquid.  The  remaining  parts  of  the  bean  when 
similarly  treated  assume  an  orange  tint.  The  bean  may  be  considered  as  consisting 
of:  1.  Cuticle  surrounding  the  surface  of  the  perisperm  and  permeated  with  fat, 
nitrogenous  substances,  and  ash  constituents;  2.  Spongy  nitrogenous  substances 
which,  together  with  oleaginous  substances,  fill  up  the  cells  of  the  epidermis; 
3.  Granuhir  fatty  masses  filling  the  innermost  cells ;  4.  The  membranes  impregnated 
with  albumin  filfing  the  intercellular  spaces. 

Cocoa  consists  of  the  kernels  of  the  beans  or  seeds  of  the  Theobroma  Cacao,  a  tree 
indigenous  in  the  West  Indies  and  Central  America,  and  ^wing  extensively  in 
Mexico,  Caraccas  and  Demerara.  It  is  cultivated  in  the  Mauntius  and  Bourbon ;  the 
roasted  kernels  are  either  simply  ground  and  sometimes  pressed  to  separate  part  of  the 
fat  they  contain,  or  they  are  ground  with  sugar  into  a  paste  which  is  called  chocolate, 
and  is  sometimes  flavoured  with  vanilla. 

"Paragucy  tea  or  MaU  consists  of  the  dried  leaves  of  the  Ilex  Paraguayensia^  a  kind 
of  holly,  growing  in  Paraguay  and  Brazil,  where  it  is  known  by  the  name  of  yerba 
mat^. 

Guarand  is  a  substance  that  comes  from  South  America,  where  it  is  prepared  by 
the  Indians;  it  consists  of  a  hard  paste  prepared  from  the  ground  and  slightly 
roasted  seedq  of  Patdlinia  sorbiUtf.  It  is  used  by  the  nativeiimuch  in  the  same  way  as 
tea  and  coffee  are  used  in  other  countries. 

The  peculiar  effect  produced  by  tea  or  coffee  upon  the  human  organism  is  the  result 
of  a  number  of  their  constituents,  amons  the  chief  of  which  are  the  substances  called 
thein  or  caffein  (CgH^NfO,)  according  to  the  source  from  which  it  it*  obtained, 
and  some  ethereal  oils  which  are  chiefly  produced  in  the  roasting  of  the  beans. 
Probably  this  is  also  the  case  with  regard  to  mati  and  guarana,  the  fbrmer  of  which 
contains,  according  to  Byasson,  nearly  2  per  cent,  of  thein,  while  the  latter  contains 
as  much  as  4  or  5  per  cent.    Cacao  beans  contain  a  similar  substance  called  theobromin 

(C,H.NA). 

Caffein  occurs  in  tea  leaves  and  in  the  coffee  bean,  partly  in  the  free  state,  bnt,  in 

the  latter  case,  according  to  Payen's  researches,  chie^  in  combination  with  tannic 
acid. 

In  order  to  prepare  caffein  from  coffee,  the  beans  are  first  dried  at  100^  until 
sufficiently  brittle  to  be  powdered.  The  powder  is  then  treated  with  ether  in  a  per- 
colator, tntil  the  ether  passing  through  no  longer  leaves  a  stain  upon  paper.  The 
etbereal  solution  contains  the  entire  amount  of  fat  and  caffein  present  in  the  beans. 
The  ether  is  distilled  off,  the  residue  boiled  up  with  several  quantities  of  fresh  water, 
and  the  aqueous  solution  of  caffein  separated  by  flltntion  from  the  insoluble  flit 
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The  aqneoos  solution  is  evaporated  to  dryness  in  a  water  bath,  and  the  residue  boiled 
with  absolute  alcohol  so  long  as  anything  is  dissolved.  Ou  cooling  the  alcoholic 
solution  the  caffein  crystallises  out. 

Caffein  in  a  pure  state  forms  white  silky  needles,  soluble  in  90  to  100  parts  of 
cold  water ;  it  is  much  more  soluble  in  hot  water,  and  sparingly  soluble  in  alcohol 
or  ether.  The  crystals  obtained  from  aqueous  solutions  contain  water  of  crystallisa- 
tion, which  is  given  off  entirely  at  a  temperature  of  100°.  At  a  temperature  some- 
what higher  the  caffein  begins  to  volatilise.  At  234°  to  236°  caffein  melts  without 
decomposing,  boils  at  384°,  and  sublimes,  the  vapour  condensing  upon  cooling  in 
hair-shaped  needles.    The  caffein  crystallised  from  water  has  the  formula : 

Caffein  is  soluble  in  acids,  but  enters  into  combination  with  very  few.  Upon 
evaporating  the  aqueous  solutions,  in  most  cases  pure  caffein  crystallises  out. 
Caffein  forms  a  stable  compound  with  hydrochloric  acid,  which  compound  is  prepared 
by  dissolving  caffein  in  the  concentrated  acid,  evaporating  and  crystallising';  from. 
weak  aqueous  solutions  of  caffein  in  hydrochloric  add  the  caffein  crystallises  out  in 
the  free  state  upon  evaporating  the  liquid.  The  hydrochlorate  yields  double  salts 
with  the  chlorides  of  platinum,  gold,  and  mercury.  Caffein  itself  enters  into  combina- 
tion with  silver  nitrate  and  mercury  c^nide.  The  so-called  caffein  citrate  used  in 
pharmacy  is  not  a  true  compound,  but  merelv  a  mixture  of  citric  acid  and  caffein. 

Both  tea  and  coffee  contain  astringent  substances  belonging  to  the  class  of  tannins. 
The  tannin  of  tea  leaves  gives  a  blue-black  precipitate  with  iron  salts,  and  according 
to  Stenhouse  it  is  distinct  from  the  tannin  of  nut  galls.  The  tannin  of  the  coffee 
beny  colours  ferric  salts  green,  and  does  not  precipitate  ferrous  salts.  When  exposed 
to  the  air  in  contact  with  alkalies  it  gradually  acquires  a  brilliant  green  colour,  and  is 
converted  into  a  substance  caUed  viridic  acid. 

According  to  Payen,  caffein  exists  in  coffee  partly  in  the  state  of  combination 
with  tannic  acid  and  poti9i3h.  To  obtain  this  salt,  the  coffee  beans  that  have  been  ex- 
hausted with  ether  are  treated  with  alcohol  of  60  per  cent.,  the  solution  evaporated  to 
a  syrupy  consistency,  and  the  residue  mixed  with  three  times  its  volume  of  alcohol  of 
86  per  cent.  The  liquid  separates  into  two  hiyers,  the  lower  one  being  a  sticky 
liquid  of  considerable  density,  above  which  floats  a  light  mobile  liquid.  The  latter 
contains  the  chief  quantity  of  the  salt  in  question ;  it  is  poured  off  from  the  heavier 
liquid,  and  the  residue  shaken  up  with  alcohol  of  86  per  cent.,  so  long  as  a  drop  of  the 
liquid,  when  mixed  with  a  little  water  and  heated,  gives  a  greenish  colour  with 
ammonia.  The  total  quantity  of  alcohol  that  has  been  used  is  then  distilled  off,  and 
there  remains  a  residue  of  syrupy  consistence,  which  is  then  mixed  with  a  quarter  of 
its  volume  of  alcohol  of  90  per  cent.  After  a  lapse  of  twenty-four  to  forty-eight  hours, 
the  whole  solidifies  to  a  crystalline  mass,  which  is  first  washed  upon  a  filter  with  cold 
alcohol  of  66  per  cent.,  and  then  re-ciystallised  several  times  from  boiling  alcohol,  so 
as  to  obtain  it  in  a  state  of  purity.  In  the  preparation  of  this  salt,  great  care  is 
required  to  keep  it  out  of  contact  with  vapours  of  ammonia,  which  is  effected  by 
placine  the  solutions  over  vessels  containing  sulphuric  acid,  the  whole  being  protected 
by  a  glass  bell  jar ;  in  like  manner  the  water  used  for  diluting  the  alcohol  must  be 
entirelv  free  from  ammonia,  since  mere  traces  of  ammonia  exert  a  decomposing  action 
upon  tlie  salt. 

Potassium  and  caffein  caffetannate  possesses  electrical  qualities  in  a  high  degree. 
Upon  rubbing  ciystals  of  the  salt,  previously  dried  at  100°,  upon  a  piece  of  warm 
paper,  and  bringing  a  blade  of  a  knife  in  contact  with  them,  they  adhere  to  the  blade 
m  little  groups.  The  salt  admits  of  being  heated  to  160°  without  undergoing  any 
change ;  it  melts  at  186°,  assuming  a  fine  yellow  colour,  begins  to  boil,  swells  up  to 
five  and  six  times  its  original  volume,  and  is  converted  into  a  porous  brittle  yellow 
mass.  At  230°  it  becomes  brown  and  is  partly  decomposed.  The  vapour  evolved  at 
this  temperature  yields  crystals  of  caffein  by  condensation.  By  further  heating  the 
substance  becomes  dark  brown,  again  melts,  evolving  alkaline  vapour,  and  finallv 
swells  up  to  twenty  times  its  original  volume,  leaving  a  light  iridescent  charooaL 
The  increase  in  volume  observed  in  roasting  coffee  beans  is  due  to  the  alteration  in 
this  compound. 

The  double  salt  of  potassium  and  caffein  caffebinnate  is  scairccly  soluble  in  ab- 
solute alcohol.  From  hot  alcohol  of  96  per  cent,  it  crystallises  in  prisms  radiating 
from  a  common  centre.  The  salt  is  more  readily  soluble  in  hot  alcohol  of  86  per 
cent.,  from  which  it  crystallises  out  abundantly  upon  cooling.  The  solubility  of  the 
salt  increases  with  the  dilution  of  the  alcohol.  The  salt  is  easily  soluble  in  water,  a 
hot  concentrated  solution  solidifying  to  a  kind  of  magma  upon  cooling.  An  aqueous 
solution  of  pota&Bvwm  aud  caffein  caffetannate  decomposes  in  contact  with  atmo* 
spheric  air,  aia\im\!:i^{kx«\.«k^«^Q'«  ^\A  ^^wc'v^jcds  a  brownish-green  tint. 
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Upon  fllightlj  warming  the  salt  with  potash,  the  crystals  assume  a  hue  varying 
between  vermilion  and  orange.  At  a  higher  temperature  they  melt,  turn  yellow, 
evolve  ammoniacal  vapour,  then  become  brown  and  decompose.  Heated  with  concen- 
trated sulphuric  acid  the  crystals  assume  an  intense  violet  colour,  and  become  covered 
with  an  iridescent  film.  Concentrated  hydrochloric  acid  produces  the  same  efiect,  and 
nitric  acid  produces  an  orange-yellow  colour.  Lead  acetate  produces  in  aqueous  solu- 
tions of  potassium  and  caffein  caffetnnnate  a  flocculent  pale  yellowish-green  precipi- 
tate. With  basic  lead  acetate  a  similar  precipitate  is  formed,  but  of  a  yellow  colour. 
Neutral  silver  nitrate  has  no  effect  upon  aqueous  solutions  of  the  salt>  while  the . 
slightest  trace  of  ammoniacal  silver  nitrate  produces  a  cloudiness,  metallic  silver 
separating  out  on  the  sides  of  the  test  glass. 

In  order  to  separate  the  caffein  from  this  compound,  an  aqueous  solution  is 
mixed  with  a  quantity  of  sulphuric  acid  equivalent  to  the  potash  it  contains,  and 
evaporated  to  dryness  with  powdered  marble  to  neutralise  any  possible  excess  of  sul- 
phuric acid.  From  the  residue,  tannate  of  caffein  is  dissolved  out  with  alcohol,  and 
basic  lead  acetate  added  to  precipitate  the  tannic  acid,  and  the  precipitate  is  washed 
with  hot  alcohol,  from  whicn  the  caffein  crystallises  out  on  cooling. 

Gaffetannic  acid  is  obtained  by  decomposing  the  above-mentioned  lead  pre- 
cipitate with  sulphuretted  hydrogen  ;  upon  evaporating  the  solution,  the  caffetannic 
acid  separates  in  small  irregular  crystals  which  are  washed  with  cold  absolute  alcohol. 
They  are  white,  sparingly  soluble  in  absolute  alcohol,  more  readily  in  dilute  alcohol, 
and  very  soluble  in  water.  A  hot  saturated  aqueous  solution  of  caffetannic  acid 
crystallises  slowly  upon  cooling,  forming  microscopic  prisms  grouped  in  little  bundles 
round  a  common  centre ;  after  standing  for  three  or  four  weeks  the  prisms  unite, 
forming  gninules  1  to  2  mm.  in  diameter.  A  solution  of  caffetannic  acid  has  a  strons 
acid  reaction.  The  crystallised  acid  melts  when  heated,  turns  yellow,  boils,  ana 
leaves  light  porous  brilliant  charcoal  Its  composition  is  represented  by  the  formula 
CuHjgO,. 

Coffee  beans  contain  about  12  per  cent,  of  fat,  and  the  kernels  of  the  cacao  nuts 
contain  from  52  to  53  per  cent,  of  a  peculiar  fat,  which  is  used  in  pharmacy  under  the 
name  of  cacao  butter. 

The  Aromatic  Oils . — Although  the  aromatic  constituents  of  articles  of  food 
are  devoid  of  direct  nourishing  power,  they  are  nevertheless  of  importance,  owing  to 
the  effect  produced  by  them  upon  the  nervous  system,  which  latter  in  its  turn  supports 
the  processes  of  digestion  ana  assimilation.  Among  these  aromatic  substances  are 
the  volatile  oils  which  exist  in  the  coffee  bean,  or  are  formed  during  the  roastinff. 
The  aroma  of  coffee  may  be  isolated  by  distillation ;  the  amount,  however,  is  so  small 
that  very  little  is  known  of  it  beyond  the  fact  that  it  is  soluble  in  water. 

The  volatile  oil  of  tea  may  be  obtained  either  by  distillation  or  by  extraction  with 
ether.  It  is  yellow,  lighter  than  water,  has  the  smell  and  taste  of  tea,  and  a  powerftd 
stimulating  action* 

The  kernels  of  the  cacao  nuts  or  beans  contain,  in  addition  to  the  fat  above 
mentioned,  about  17  per  cent,  of  albuminous  substance,  11  per  cent,  of  starch,  8  per 
cent,  of  gum  or  mucilage,  together  with  theobromine  and  a  bitter  substance.  The 
beans  when  fresh  gathered  are  either  dried  at  once  or  after  being  subjected  to  a  kind 
of  fermentation  or  curing,  by  means  of  which  the  natural  bitterness  is  removed. 
They  are  slightly  roasted  before  being  ground,  and  in  this  operation  the  aroma  is 
developed,  while  part  of  the  starch  is  converted  into  dextrin.  In  grinding  the  roasted 
kernels  int<j  the  paste  that  is  known  as  flake  cocoa,  or  rock  cocoa,  starch  and  sugar 
are  sometimes  added  in  considerable  proportions,  and  chocolate  always  contains  admix- 
tures of  this  kind,  as  well  as  flavounng  substances,  such  as  vanilla.  In  making  the 
better  kinds  of  cocoa  or  chocolate,  the  husks  of  the  beans  are  separated ;  but  in  (he 
inferior  kinds  they  nre  sometimes  ground  up  together  with  the  kernels. 

Characters  of  different  kinds  of  Tea  and  Coffee, — The  differences  in  quality  of 
the  tea  and  coffee  met  with  in  commerce  are  due  to  the  plant  from  which  they  are 
obtained,  partly  also  to  the  differences  in  soil,  climate,  cultivation,  and  harvesting. 

The  quality  of  tea  depends  very  much  on  the  season  at  which  the  leaves  are 
picked,  the  mode  in  which  they  are  prepared,  and  the  district  where  they  are  grown, 
and  it  is  chiefly  to  these  conditions  that  the  distinction  between  the  varieties  known 
as  Bohea,  Congou,  Souchong,  Pekoe.  Hyson,  etc.,  is  to  be  ascribed.  The  amount  of 
substance  extracted  by  water  varies  considerably,  as  shown  by  the  following  average 
results  obtained  by  Stenhouse : — 

Fttroe&t. 

Dry  black  tea 43*2 

Dry  green  tea 47*1 

Black  tea,  as  met  with  in  commerce 38*4 

Green  tea,  as  met  with  in  oommerce  .        .        43'4 
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The  average  percentage  composition  of  dried  tea  is  as  follows,  according  to  Mulder 


Volatile  oil         .... 

Chinese  tea 
1 

Java  tea 

Hyson 

Oongon 

Hyaon 

-> 
O0O80O 

0-79 

0*60 

0-98 

0*66 

Chlorophyll        .... 

2-22 

1*84 

8*24 

1*28 

Wax 

0*28 

— 

0*82 

— 

Besin 

2*22 

3-64 

1*64 

2*44 

Ghim 

8-66 

7-28 

12*20 

11*08 

Tannin 

17-80 

12*88 

17-66 

14*80 

Thein 

0-43 

0-46 

0*60 

0*65 

Extractiye .        .        .        .         | 

22-80 

19*88 
1*48 

21*68 

18*64 
1*64 

Extracted  by  hydrochloric  acid  . 

23*60 

1912 

20-36 

•     18*24 

Albuminous  substance 

300 

2*80 

3*64 

1*28 

Woody  fibre        .... 

1708 

28-82 

18-20 

2700 

Ash 

6-56 

5*24 

476 

6*36 

104*84 

104-04 

105-18 

108*06 

The  liartinique  coffee  beans  are  generally  large,  and  of  a  greenish  colour  with 
flattened  surface ;  individual  beans  have  sometimes  an  elliptic  shape,  owing  to  the  non> 
fructification  of  an  ovule ;  sometimes,  but  less  often,  beans  having  a  somewhat  angular 
form  are  found,  produced  by  the  mutual  pressure  during  growui  of  three  fructified 
ovuleii  in  the  same  fruit. 

Mocha  coffee  differs  from  the  former,  inasmuch  as  the  beans  have  a  yellowish 
grey  colour,  and  are  smaller  and  less  regular  in  shape.  Owing  to  the  development  of 
two  beans  in  a  fruit,  one  side  is  in  most  cases  flattened,  only  a  few  bemes  being 
rounded ;  as  occurs  when  onl^  one  ovule  is  fructified.  Mocha  coffee  differs  further 
from  all  other  kinds  of  coffee  in  being  richer  in  fat,  the  amount  being  as  much  as  13 
per  cent.  The  fat  has  a  yellowish  colour,  and  is  softer  than  that  found  in  other  sorts 
of  coffee.  Payen  found  in  it  two  distinct  kinds  of  fat,  with  different  melting  points. 
The  fat  retains  the  aromatic  constituents  with  great  energy ;  the  quantity  of  which 
latter  constituents  is  relatively  greater  in  Mocha  coffee  than  in  other  sorts. 

The  fat  of  Martinique  coffee  is  of  a  darker  colour,  of  greater  consistency,  and  can 
be  separated  into  four  distinct  fats,  having  melting  points  about  5°,  20°,  50®,  and  90^, 
the  latter  being  very  similar  to  the  wax  found  in  the  leaves. 

The  occurrence  of  the  wax-like  substance  and  the  green  colour  are  probably  due 
to  the  time  at  which  the  berries  are  collected,  and  tlie  shelling  of'  the  pods.  Upon 
removing  the  fleshy  part  of  the  fruit  while  it  is  filled  with  sap,  the  perisperm  boinf; 
exposed  to  the  air  is  altered  by  the  action  of  oxygen  ;  the  ci2Setannic  acid  becomes 
green,  and  the  fat  substances  are  altered,  while  the  soluble  substances  to  which  the 
aroma  is  due,  may  be  decomposed  and  volatilise.  For  this  reason  it  would  bo  better  — 
especially  for  inferior  sorts  of  coffee — to  allow  the  fruit  to  become  as  ripe  an  possible, 
before  gathering  and  shelling  them. 

The  average  percentage  composition  of  coffee  berries  is  as  follows  *. — 

Cellulose 34 

Moisture 12 

Fat 10  to  13 

Glucose,  dextrin,  and  undetermined  acid      ....  15*5 

I^iegumin,  casein  (gluten  ?) .        .  10 

Potassium  and  caffein  caffetannate 3*5  to  5*0 

Nitrogenous  substance 3*0 

Free  caffein 0*8 

Solid  essentia]  oil,  insoluble  in  water 0*001 

Two  different  aromatic  oils,  soluble  in  water  0  002 

Ash  constituents 6*697 

Coffee  is  always  roasted  before  being  used,  and  in  this  operation  it  undergoes  con- 
siderable alteration,  losing  about  12  or  18  per  cent,  of  its  weight  and  becoming  darker 
coloured  according  to  the  degree  of  heat  employed  in  the  roasting.  The  beans  also 
lose  their  toughness,  swell  up  and  become  so  brittle  that  they  can  be  readily  gionnd 
to  powder,  wViVVe  at.  \\i«  «Mii«  time  an  agreeable  aroma  is  developed.    In  roasting 
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coffee  the  heat  requires  to  be  oarefoUj  regulated,  and  the  beans  most  be  kept  in 
motion  so  that  all  of  them  are  equally  heated.  For  this  purpose  rotating  yessels  of 
a  cylindrical  or  globular  shape  and  made  of  sheet  iron  are  generally  employed. 

ITses. — Although  tea,  coffee,  and  cocoa  or  chocolate,  are  articles  of  daily  con- 
sumption, and  although  their  use  extends  over  all  parts  of  the  earth,  so  that  they 
may  be  almost  considered  as  necessary  articles  of  food,  still  their  actual  value  as 
food  material  is  but  slight,  and  the  nutritive  effects  produced  by  them  bear  no  pro- 
portion to  the  quantity  consumed. 

As  regards  the  physiological  effects  of  ooffbe,  it  was  at  one  time  supposed  that  the 
use  of  coffee  might  reauce  the  consumption  of  albuminous  constituents  in  the  body, 
but  this  has  been  shown  by  the  researcnes  of  Voit  to  be  entirely  erroneous. 

The  influence  of  coffee  is  chiefly  to  be  ascribed  to  caffein,  which  has  an  energetic 
action  on  the  system,  in  small  doses  as  a  stimulant  exciting  the  imagination,  and  in 
large  doses  giddiness,  headache,  and  even  delirium  and  eonyulsions.  '  Animals  hare 
been  poisoned  with  caffein  under  precisely  the  same  symptoms  that  are  produced  by 
strychnine. 

A  certain  amount  of  stimulus  to  the  nervous  system  seems  to  be  indispensable  to 
the  human  economy.  A  variety  of  different  substances  are  consumed  for  this  pur- 
pose, for  instance,  wine,  spirit,  tobacco,  coffee,  tea,  broth,  opium,  haschisch,  etc.,  every 
nation  having  its  own  peculiar  stimulant,  which,  although  not  directly  nutritive,  has 
considerable  influence  on  the  general  condition  of  the  system.  Coffee  is  one  of  the 
most  important  materials  of  this  class. 
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ACE 

ACETIC  ACID,  961  , 

ii    HiRtory,  occurrence,  composition,  and 
characters,  961 

Preparation,  962 

Uses,  968 
Acid,  acetic,  961 

—  caffetannic,  971 

—  gummic,  755 

—  metapectic,  654 

—  oleic,  664 

—  palmitic,  664 

—  parapectic,  654 

—  pectic,  658 

—  pectottic,  658 

—  potassium  carbonate,  209 

oxalate,  211 

sulphate,  210 

tartrate,  211 

—  sodium  bicarbonate,  273 
carbonate,  278 

—  nt«aric,  668 

—  sulphurous,  108 

—  viridic,  970 

Acids,  fatty,  preparation  of,  673 
Aerated  watem,  72 

bottling  of,  74 

Aggregation,  2 
Air  balloons,  29 
Alban,  750 
Albumin,  658 

Compounds,  659 

Uses,  660 
Albuminous  substances,  657 
Alcohol,  881 

Charact«r8, 885 

Preparation,  886 

Extraction  from  wine,  beer,  ete.  907 
Alcoholic  beverages,  925 

—  liquors,  treatment  of,  887 
AlkjJoids,  69 
Alum,  807 

History,  oocnrrence,  oompoaitioo,  and 
characters,  807 

Preparatioii,  808 

Uses,  811 
Alum  cake,  805 
Alum  potash,  807 

Alum  slates  and  earths,  analyses  of,  809 
Alum  stone,  composition  of,  808 
Alumina,  804 
Aluminum.  801 

History,  occurrence,   charaeters,   and 
preparation,  801 

Uses  and  compounds,  802 
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Aluminum  and  sodium  chloride,  prepara- 
tion, 804 
Aluminum  chloride,  preparation,  804 
Aluminum  oxide  (alumina),  804 

History,  occurrence,    characters,   and 
preparation,  804 
Aluminum  sulphate,  806 

Characters,  805 

Analyses,  805 

Preparation,  806 

Uses,  807 
Amber,  729 
Ammonia,  49 

History,  occurrence,  oompotitieii,  and 
characters,  49 

Preparation,  50 

Uses  and  compounds,  51 
Ammonia  alum,  811 
Ammonia  fVom  gas  liquor,  52 
Ammonia,  solutions  of,  50 
Ammoniacum,  727 
Ammonium  arsenate,  498 
Ammonium  arsenites,  494 

—  carbonates,  52 
Ammonium  chloride,  51 

History,  occurrence,  characters,  prepa- 
ration, and  uses,  51 
Ammonium  sulphate,  52 

Occurrence,  chancters,  prqMmition,  and 
uses,  52 
Amorphous  phosphorus,  150, 156 
Amylaceous  materials,  production  of  spirit 

from.  918 
Animal  charcoal,  61,  68 
Animals,  substances  derived  tnm,  609 
Anime,  726 
Antimonic  chloride,  504 

—  oxide,  604 

—  sulphide,  608 
Antimonous  chloride,  504 

—  oxide,  604 
Antimonous  sulphide,  502 

History,  occurrence,  and  characters,  502 

Preparation  and  uses,  508 
Antimony,  500 

Hutory,  occurrence,   characten,   and 
preparation,  600 

Uses  and  compounds,  501 
Antimony,  butter  of,  504 
Antimony  vermilion,  508 
Apiin,  Bo6 

Apparatus.    See  under  Diaosaus 
Aqua  fortis,  42 
Aqua  regia,  49 
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Argand  burner,  714 
Argentic  chromate,  624 
ArgiUaceona  iron  ore,  657 
Arrow  root,  Brazilian,  769 

East  India,  769 

Portland,  769 

Tahiti  or  Taoca,  768 

West  India,  768 

Arrowroot  starch,  768 
Arsenic,  492 

History,   occurrence,  characters,   and 
preparation,  492 

Uses  and  compounds,  498 
Arsenic  acid,  497 
Arsenic  disulphide,  499 

History,  occurrence,   and    characters, 
499 
Arsenic  oxide,  497 

History,  occurrence,   and   characters, 
497 
Arsenotts  oxide,  494 

History,   occurrence,  and   characters, 
494 

Preparation,  496 
Arsenous  sulphide,  499 

Histonr,  occurrence,  and   characters, 
499 
Artificial  lighting  materials,  684 
Artificial  stone,  841 
Asparagin,  819 
Assafoetida,  727 
Atmosphere,  the,  68 
Atmospheric  air,  66 
Atomic  theory,  9 
Auric  chloride,  629 

—  oxide,  528 
Aurous  chloride,  629 

—  oxide,  528 
Autogenous  soldering,  28 


BAKING  OVENS,  798 
Balloons,  air,  29 

—  light  gas,  742  ,  ^ 
Balsam  of  Copaiba,  720 

—  Canada,  720 

—  Guijun,  720 

—  Peru,  728 

—  Tolu,729 
Barilla,  256 

Barium,  298  p- 

Barium  arsenate,  498 
Barium  chloride,  298 

Composition,  characters,  and  prepara- 
tion, 298 

Uses,  299 
Barium  sulphate,  299 

Occurrence,  characters,  and  preparation, 
299 

Usee,  800 
BarA'ta  white,  299 
Bdellium,  728 

Analysis,  958 

Constitnente,  987 

Fining,  955 
Bees*  wax,  680 
Beet  potash,  205 
Beet  root,  constituents,  819 
Beet  roots,  828 

PreparaUoii,  %2% 

RxttactioTv  of  '^\kVcft  tram,  %^ 
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Beet,  the  sugar,  814 

Culture,  814 

Anatomical  structure,  816 

Composition,  818 
Benzoin,  728 

Bessemer's  steel,  manufacture,  608 
Betaine,  819 
Bismuth,  505 

History,   occurrence,    charactera,  and 
preparation,  505 

Compounds,  506 
Bismuth  nitrate,  607 
Bituminous  coal,  86 
Blanquette,  255 
Blasting  powder,  NobeFs,  226 
Bleaching  paper,  642 
Bleaching  powder,  169 
Bleaching  preparatitms,  168 
Bleaching  wax,  681  ' 
Blister  steel,  602 
Blowpipe,  oxvhydrogen,  28 
Blue  vitriol,  425 
Bohemian  glass,  817 
Boiling  point,  4 
Bone  phosphate,  291 
Bones,  calcination,  150 
Box«dc  acid,  187 

History,  occurrence,  and  ehaiaeters,  187 

Frepantion,  188 

Purification,  oompositioii,  and  uses,  190 
Borax,  277 

Octahedral,  279 
Boron,  186 

History,   occurrence,    charaoten,  and 
compounds,  186 
Bottle  glass,  816 
Bread,  776 

Making,  789 

Dr.  Dauglish*s  process  of  baking,  791 

Alterations  in  bread,  799 
Brewing,  988 
Bricks,  840 
Brimstone,  92 
Brine  springs,  289 
Bromine,  177 

History,   occurrence,    characters  and 
preparation,  177 

Purification,  179 

Usee  and  compounds,  179 
Buccia,  148 

Burnt  ivory  or  bone  black,  63 
Butter  of  uitimonv,  504 


pADMIUM,  858 
\J    Csruleum,  514 
CsBsium,  280 
Caffein,  969 
Caffetanic  acid,  971 
Calamine,  857 
Calcium,  281 

Occurrence,  281 
Calcium  arsenates,  498 
Calcium  carbonate,  286 

Occurrence,  characters,  and  asea,  286 
Calcium  fluoride,  287 
—  hydrate,  286 
Calcium  oxide  (lime),  281 

Occurrence,  characters,  and   propara- 
tion,  281 

Uses,  285 
Calcium  phosphate,  291 
V^\!Axv!.teTS  and  uses,  291 
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Galeiam  ttulphatc,  i^l 

Occurrence  and  characten,  'i^? 

Preparation,  288 

U2«8,290 
Caliche,  276 
('alorific  power,  89 
Camphor,  719 
Camphor,  Borneo,  725 

—  laurel,  724 
Canada  balBam,  720 
Candle  making,  677 
Candles,  coloured,  679 

—  dipped,  676 

—  moulded,  676 

—  stearin,  676 

—  palm,  679 

—  -  paraffin,  683 

—  plated  tallow,  679 

—  spermaceti,  682 

—  wax,  680 

Cane  sugar,  803,  805,  809 
Caoutchonc,  729 

Analyses,  733 

Vulcanisation,  733 
Caoutchouc  balls,  hollow,  741 

soUd,  738 

-  cements,  744 

—  driving  belts,  743 

—  elastic  tissues,  743 

—  gas  balloons,  742 

—  dialysis  of  gases  by  means  of,  744 

—  goloshes,  743 

—  machine  grease,  745 

—  mastic  cement,  745 

—  paste,  741 

—  plaster,  745 

—  plates,  coloured,  738 
roUed,  738 

—  rings  for  buffers,  742 

—  rollers  for  dye  works,  743 

—  threads,  preparation,  787 
round,  788 

—  tubes,  739 

—  varnishes,  744 

—  vulcanised,  decomposition,  735 
desulphuration,  736 

—  vulcanite,  745 

—  washed,  reunion  of,  735 
Carbohydrates,  36 
Carbon,  56 

History  and  occurrence,  56 

Characters,  57 

Preparation,  61 

Uses,  66 

Compounds,  67 
Carbon  bisulphide,  187 

History,  137 

Characters,  188 

Preparation,  139 

Uses,  148 
Carbonates,  71 
Carbonic  dioxide,  70 

History,  occurrence,  oompoeition,  and 
characters,  70 

Preparation  and  uses,  71 

Compounds,  72 
Carbonic  oxide,  75 

Composition,  characters,  preparation,  75 
CarbonisatioDy  68 
Carburetting  gas,  712 
Catalan  forge,  the,  579 
Cells,  609 
CeUnloae,  615 


OOF 

Composition,  615 

Characters,  616 

Uses,  617 
Cellulose,  animal,  618 
Cellulose  test,  Schweitzer's,  768 
Cerium,  484 
Chamber  crystals,  128 
Charcoal,  animal,  61,  63 

—  wood,  59,  63 

Charcoal  finer;^*,  analyses  of  slagt,  581 

Lancashire,  583 

Charcoal  kilzis,  879 
Chemical  action,  nature  of,  4 

—  classification,  7 

—  phenomena,  nature  of.  1 
Chemistry,  industrial,  1 

Nature  of  chemical  phenomena,  1 
Definition  of  chemistnr,  2 
Physical  characters  of  substances,  2 
State  of  aggrefpitiou,  2 
Density :  specific  sravity,  3 
Melting  point :  boiling  point,  4 
Specific  heat :  the  heat  unit,  4 
Mature  of  chemical  action,  4 
Table  of  elementary  substances,  6 
Their  classification^  7 
Metalloids ;  metals,  7 
Combining  proportions,  8  ' 
Combination  by  volume,  10 
Nomenclature  and  notation,  11 
Chemical  and  typical  formuUe,  12-14 
Inorganic  chemistry,  15 
Substances  occurring  as  minerals,  15 
Geological  chemistry,  16 
Organic  chemistry,  609 
Substances   derived   from  plants  and 
animids,  609 

Chlorides  of  elementary  substances,  167 

Chlorine,  163 

History,   occurrence,   character!,  and 

preparation,  168l 
Compounds,  167 
Bleaching  preparations,  168 

Chlorometry,  l7l 

Chlorophyll,  612 

Chocolate,  969 

Chromic  chloride,  524 

Chrome  iron  ore,  521 

—  oxide,  522 

—  sulphate,  524 

—  trioxide,  528 
Chromium,  521 

History,  occurrence,  characters,  pre- 
paration, and  compounds,  521 
Clav,  884 

Coal,  anthracite  and  bituminous,  86 
Coal,  various  kinds  used  in  gas  making,  694 
Coal  gas,  693 

Composition,  698 

Examination,  717 
Coal  oil,  685 
Cobalt,  512 

History,   occurrence,   characters,  and 
preparation,  512 

CompNonnds,  514 
Cobaltic  oxide,  515 
Cobaltous  arsenate,  498 

—  nitrate,  515 

—  oxide,  615 
Cocoa,  969 
Coflec,969 

Composition,  972 
Coffee  bean,  aromatic  oUa  from,  971 
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COK 

Coke,  69,  62 
Colophony,  7*2o 
Combustible  roaterialii,  89 
Combiution,  22 
Contact  action^  37 
Copaiba  balsain,  720 
Copal,  726 
Copper,  899 

History,  oocurrenoe,  and  characters,  899 

Preparation,  400 

Smelting,  401 

Smelting  in  reverberator7fiimaoes,404 

In  shaft  furnaces,  410 

Extraction  in  the  wet  way,  417 

Refining  and  toughening,  418 

Uses  and  compounds,  421 
Com,  777 

Composition,  777 

Constituents,  778 

Preservation,  788 
Com  spirit,  928 
CorrosiTe  sublimate,  461 
CryoUte,  270 
Cubic  nitre,  282 
Cubilose,  666 
Cupdiation,  486 
Cupric  arsenate,  498 
Cupric  oxide,  428 

History,  occurrence,  and  characters,  428 

Preparation,  424 
Cupric  stannate,  472 
Cupric  sulphate,  426 

HietoTv,  occurrence,  and  characters,  426 
Cupric  sulphide,  426 

Occurrence  and  characters,  426 
Cuprous  oxide,  428 

History,  occurrence,  and  characters,  428 
Cuprous  sulphide,  424 

History,  occurrence,  and  characters,  424 
Cyanogen,  79 

History,  composition,  and  characters,  79 


TVAMMAR,  726 

U    Dauglieh's  process  of  baking  bread,  79 1 

Davy's  safety  lamp,  77 

Delic^uesoent  substances,  82 

Density,  3 

Devitrification,  814 

Dextrin,  800 

Occurrence,  characters,  preparation,  800 

Uses,  801 
Dhil  mastic,  890 

Diagrams  Ulustrating  the  machinery  and  ap- 
paratus used  in  the  manufacture,  prepara- 
tion, and  preservation,  or  exhibiting  the 
characters,  of  the  under-mentioned  sub- 
stances : 

Aerated  waters,  78,  74 

Ammonia,  62,  63 

Antimonous  sulphide,  603 

Antimony,  601 

Arsenic,  498 

Arsenous  oxide,  496,  496 

Beer,  943-958 

Bismuth,  606 

Bleaching  preparations,  169-171 

Borocic  acid,  188,  189 

Bread,  791-796 

Bromine,  178 

Calcium  oxide,  282-284 

Calcium  8u\p\iA\ft,'Z^,  289  I 

Candles,  677-«^  ^ 


DTN 

Diagrams  illustrating  machinery,  ttc^mmt. 
Caoutchouc,  786-744 
Carbon  bisulphide,  189-144 
Cellulose,  616 
Chlorine,  164, 165 
Coke,  62 
Copper,  401-421 
Cora  and  flour,  composition,  778-781 

—  preservation,  784,  783 
Fat,  oil,  etc^  144-146 ;  666 
Fatty  acidH,  678-675 
Ga.s  695-717 

Glass,  321-380 

Grindstones,  artificial,  747,  748 

Gutta  percha,  752 

Hydrochloric  add,  174,  175 

Hydrofluoric  acid,  185 

Hvdrogen,  26-29 

Iodine,  181, 182 

Iron,  669-^96 

Lamp  black,  66 

Lead,  861--888 

Macaroni,  etc.  797-799 

Mercury,  462-457 

Nitric  acid,  45-47 

Oils,  mineral,  686-689 

Oxygen,  18-20 

Paper,  641-647 

Phosphoras,  151-159 

Platinum,  632 

Porcelain,  889, 840 

Potash,  207 

Potassium,  196 

Potassium  chloride,  199,  200 

—  ferrocyanide,  81 

—  nitrate,  214 
Pottery,  836-388 
Silver,  431-446 
Sodium,  233 

Sodium  bicarbonate,  278-275 

—  carbonate,  268-265 

—  chloride,  239 

—  sulphate,  260-253 
Spirite,  889-920 

Starch,  characters,  757-769 

—  manufacture,  765-773 
Steel,  601-604 

Sugar,  beet-root,  etc,  822-880 

Sugar  beet,  stracture,  816,  817 

Sugar  cane,  characters,  810-812 

Sulphur,  94-102 

Sulphur  chloride,  176 

Sulphuric  acid,  112-184 

Sulphurous  oxide,  105,  106 

Tin,  465-468 

Vinegar,  966 

White  lead,  398^96 

Wine,  925-984 

Wood,  626-682 

Zinc,  846,  846 

Zinc  oxide,  848-854 
Dialoee,666 
Diamond,  the,  67 
Diamond  cutting,  66 
Didymium,  484 
Didymium  chloride,  484 
Distillation  of  water,  35 
Distillery,  beet  spirit,  911 
Distilling  apparatus,  896, 897,  898 
Doebereiners  lamp,  28 
Dolomite,  297 
Dragon's  blood,  726 
Dynamite,  281 
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EAKTHENWAKE,  337.    See  Pcittert 
Efflorescent  sulisUncei*,  32 
Elementary  subatances,  6 

Table  of,  6 

Classification,  7 
Elemi,  72« 
Enamel,  331 
Enamelling,  381 
E|Mom  salts,  343 
Erbium,  488 

Essential  oilfs  719.    See  Oii^  Esnential 
Euphorbium,  728 
Explosive  materials,  218 
Explosive  paper,  229 
->  starch,  229 


LUT,  663 

r     Extraction,  144 

(Characters  and  composition,  663 
Preparation,  for  burning,  670 

Fat  from  wool,  146 

Fats,  solid,  667 

Fatty  acids,  preparation,  673 

Fermentation,  883 

Fermentation,  stone  square  system,  957 

—  surface  or  scdimentjury,  954 
Fermentation  vats,  958 
F'erric  acid,  644 

—  arsenate,  498 

—  chloride,  545 

—  oxide,   history,    occurrence,   and    cha- 

racters, 543 

—  sulphate,  550 

Ferroso-ferric  or  magnetic  oxide,  514 
Fcrroeo-ferric  sulphide,  546 
Ferrous  arsenate,  498 

—  -  carbonate,  560 

—  chloride,  544 

—  iodide,  645 

—  oxide,  548 
Ferrous  sulphate,  547 

Characters,  547 

Preparation,  548 

Uses,  549 
Ferrous  sulphide,  545 

Occurrence  and  characters,  54.') 

Preparation,  546 
Filtration  of  water,  34 
Finery  slags,  anal>'8es,  581 
Fining  beer,  955 
Fire  clay,  834 
Fish  oil,  667 
Flax,  preparation,  619 
Flour.  776 

Characters  and  adulteration,  781 
Flowers  of  sulphur,  97 
Fluavil,  750 
Fluorine,  184 

History,   occurrence,   characters,   and 
compounds,  184 
Flux,  white  and  black,  21 1 
Frankfort  black,  67 
Friction  matches,  157 
Fuel,  84 

1 1  istory,  composition,  and  <.')  iracters,  84 

imposition  of  fuels,  85 

Table  of  calorific  power,  87,  89 

Practical  effect,  89 
Fuel,  gaseous,  589 

Fuming  sulphuric  acid,  preparation,  118 
Furnaces,  gas  puddling,  691 


OLY 


Fusel  oil,  888,  900 
Futenang,  510 


GALBANUM,  727 
•  Galena,  891 
GaUpot^  726 
Gamboge,  728 
Gas  balloons,  Ught,  742 
Gas  burners,  714 
Gas,  composition  in  smelting  furnaces,  577 

—  ooal,  composition  of,  693 
Gas,  carbnretting,  712 

—  illuminating,  691 
Gas  manufacture,  692 

CheniMtry,  692 

Different  kinds  of  coal  used  in  gas 

making,  694 
Purification  of  gas,  705 
Inipn)vemcnts  in  gas  making  711 
Gas,  marsh,  76 

—  olefiant,  78 

—  oxygen,  Du  Motay's,  716 
Gas  metres,  708 

—  puddling  furnaceh,  591 

—  retorts,  695 

—  retort  furnaces,  697 
Gas  Ur,  716 
Gaseous  fuel,  589 
Gelatin,  661 
Gelose,  65.5 

Geological  chemistry,  16 
Gerstenhocfer's  kilii,  122 
Gkss,  312 

Histor>*,  312 

Composition  and  characters,  313 

Devitrification,  314 

Colouration  by  sunlight,  314 

Preparation,  815 
Glass,  soluble  or  water,  332 

Composition,  characters,  and  prcpara- 
tion,  832 

Uses,  333 
Glass,  blown,  324 

—  Bohemian,  817 

—  bottle,  816 

—  coloured,  319 

—  corrugated  sheet,  327 

—  crown  or  moon,  326 
— -  crystal  or  flint,  317 

—  cylinder,  326 

—  enamel,  831 

—  mixtures,  various,  31V 

—  optical,  318,  330 

—  plate,  318,  328 

—  sheet,  317 

—  soda,  318 

—  window,  81 7 
Gloss  blowing,  324 

—  making,  315 

—  painting,  320 
Glass  pots  and  furnaces,  321 
Glauber's  salt,  249 
Glazed  boards,  650 
Glucinum,  487 

—  chloride,  487 
Glufwse,  <>r  grape  sugar,  802 

Manufacture,  809 
Glu(«-8ulphuric  acid,  803 
•   Glue,  661 
Gluten,  779 

Granulated,  709 
Glyoeril  stcarate,  664 
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GLT 

Glycogen,  764 
6melin*8  salt,  82 
Gold,  526 

History,  oociirrenoe,  characters,  and  ex- 
traction, 526 

oompoonds,  527 
Goloshes,  748 
Goulard  extract,  398 
Grape  sugar,  808 

Grape,  the,  and  its  constituents,  927 
Graphite,  56 

Grindstones,  artificial,  manufacture,  746 
Guaiacum,  727 
Gnaran^969 
Gum,  755 
Gum  Arabic,  755 

—  artificial,  756 

—  Bassora,  755,  756 

—  cherry  tree,  755,  756 

—  Senegal,  756 

—  tragacanth,  756 
Gummie  add,  755 
Gun  cotton,  227 

History  and  composition,  227 

Characters  and  preparation,  228 

Uses,  280 

Testing,  280 
Gunpowder,  218 

History  and  composition,  218 

Characters,  220 

Preparation,  221 

Pulyerisation,  228 

Granulation,  224 

Polishing  and  drying,  225 

Testing,  226 
Gunpowder  making,  221 
Gurjun  balsam,  720 
Gutta  percha,  748 

Composition,  749 

Preparation,  751 

Vulcanisation,  758 

For  insulating  telegraph  wires,  753 
Gypsum,  287 


H-fiM  ATITE,  or  red  iron  ore,  552 
Hartshorn,  spirits  of,  49 
Heat,  specific,  4 

—  unit,  4 
Hops,  989 

Preservation,  940 
Hydraulic  lime,  292 

—  mortar,  297 
Hydrocarbon  oils,  688 
Hydrocarbons,  68 
Hydrochloric  acid,  172 

History,  occurrence,  composition,  and 
characters,  172 

Table  of  strength,  172 

Of  aqueous  solntions,  173 

Preparation,  174 

Uses,  175 
Hydrofluoric  add,  185 

History,  characters,  preparation,  and 
uses,  185 
Hydrogen,  26 

History,  occurrence,   and    characters, 
26 

Preparation,  27 

Uses,  28 

AppUcaUon,  23 

Coropomida,30 
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LAU 

Hydrogen  peroxide,  86 

Composition  and  characters,  86 
Preparation  and  uses,  87 
Hydrometer,  the,  8 
Hygroscopic  substances,  32 


TCE,  81 

•L    Illuminating  gas,  691 

Indian  hik,  67 

India-rubber  tubes,  789 

Indium,  485 

Industrial  chemistry.    See  Ciiemistby 

Ink,  alizarin,  550 

—  blue,  550 

—  copying,  650 

—  Indian,  67 

—  red,  550 

—  writing,  649 

Ink,  preparation  of,  549 

Inorganic  chemistr}*,  16 

Inorganic  substances,  609 

Inulm,764 

Inventions.    See  under  Diaobams 

lodme,  180 

History,  occurrence,  and  cfaaracten,  180 

Tests,  181 

Preparation,  181 

Sublimation,  182 

Extraction,  182 

Uses  and  compounds,  188 
Iodine  solution,  171 
Iridium,  588 

History,  occurrence,  characters,   pre- 
paration, and  compounds,  588 
Iron,  541 

Histor}',  occurrence,  and  characters,  541 

Compounds,  542 
Iron  distuphlde,  546 

History  and  occurrence,  546 
Iron,  malleable,  manufacture,  578 
Iron,  metallnigy,  651 
Iron  smelting,  571 
Iron  ore,  559 

RoflAting,  659 

Production  of  pig  iron,  561 
Iron  ore,  argillaceous,  557 

brown,  558 

magnetic,  561 

red  or  luematite,  552 

spathic,  564 

Isinglass,  661 


JET  PHOTOMETER,  717 


KELP,  194 
Kermes'  mineral,  502 
Kilns,  air,  943 

—  charcoal,  879 

—  malt,  948 
-^  smoke,  948 
Kirschwasser,  909 


LAC  RESIN,  726 
Lactose,  or  milk  sugar,  807 
Ladanum,  728 
Lamp  black,  64 
Lamp,  Davy's  safety,  77 
—  Do«berduer*s,  28' 
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LAN 

Lantlianaitif  484 
Lapis  lazuli,  244 
Lead,  369 

History,  occurrence,  and  characters,  859 

Preparation,  360 

Roasting,  861 

Smelting,  362 

In  shaft  furnaces,  867 

In  reyerl)eratoiy  furnaces,  378 

Befining,  387 
Lead  acetate,  898 

History,  characters,  preparation,  and 
uses,  898 
I^ad  arsenate,  498 
Lead  carbonate,  892 

History,  occurrence,  and  composition, 
892 

Characters  and  preparation,  893 
Lead  oxide,  889 

History,  occurrence,  and  characters,  889 

Preparation  and  uses,  390 
Lead  peroxide,  390 

Characters,  890 

Preparation,  891 
Lead  sulphate,  892 
—  sulphide,  891 
Leather  manufacture,  662 
Light,  artificial,  670 
Lighting  materials,  670 
Lignite,  or  brown  coal,  85 
Lime,  281 

Applications,  285 

Analyses  of  limestones,  286 
Lime  burning,  282 
Lime,  hydramic,  preparation,  292 
Litharge,  889 
Lithium,  280 
Loadstone,  M4 
Lunar  eausticy  460 


MACARONI,  manufacture,  797 
Machinery.    See  under  Diaokabis 
Magnesium,  842 

History,  occurrence,  characters,    pre- 
parations, uses,  and  compounds,  342 
Magnesium  an^nates,  498 
Magnesium  carbonate,  848 

Occurrence  and  ciiaracters,  348 
Magnesium  sulphate,  848 

Chairacters  and  preparation,  848 
Magnetic  iron  ore,  661 
Magnetic  oxide,  644 
MaBeable  iron,  678 

Characters,  697 
Malt,  preparatioii,  941 
Malting,  941 
Malt  Idlns,  948 
Malt  roasting,  942 
Manganates,  619 
Manganese,  616 

HistoTA',  ooenrrence,  characters,   pre- 
paration, uses,  and  compounds,  616 
Manguiese,  binoxide,  518 
Manganic  oxide,  617 
Manganoflo-manganic  oxide,  618 
Manganous  chloride,  520 

—  oxide,  617 

—  sulphate,  620 

Manufactures.    See  under  Diaobamb 
Marah  gaa,  76 

Ooenrrence,    characters,   composition, 
and  preparation,  76 
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Massicot,  389 
Mastic,  726 
Mastic  cement,  745 
Matches,  sulphuration,  158 

Composition,  159 
Matches,  amorphous  phosphorus,  161 

—  friction,  157 

—  wax  or  vesta,  160 

—  without  phosphorus,  204 
sulphur,  160 

Mattf,  or  Paraguayan  tea,  969 
Melting  point,  4 
Mercuric  chloride,  461 

History,  characters,  and  preparation, 
461 
Merenrie  nitrate,  468 
Mercuric  oxide,  459 

History,  characters,  and  preparation 
459 
Mercuric  sulphate,  468 
Mercuric  sulphide,  461 

History,  461 

Occurrence,    characters,    preparation, 
and  us^  462 
Mercurous  chloride,  460 

History,   occurrence,  characters,  pre- 
paration, and  uses,  460 
Mercurous  nitrate,  463 
Mercurous  oxide,  469 

History  and  characters,  469 
Mercurous  sulphate,  462 
Mercury,  461 

History,  occurrence,  and  characters,  451 

Preparation,  452 

Extraction,  468 

Uses  and  compounds,  468 
Metalloids,  7 
Metallurgy  of  iron,  661 
MeUls,  7 

Metapectic  add,  664 
Metastannic  acid,  472 
Milk  sugar,  807 
Milk  used  for  wine  fining,  982 
Millboard,  660 
Mineral  waters,  72 

Bottling,  74 
Minerals,  substances  occurring  as,  16 
Molasses,  857,  876 
Molybdenum,  479 
Molybdenum  trioxide,  480 
Molybdic  oxide,  480 

—  sulphide,  480 
Molvbdous  oxide,  479 
Motner  of  vinegar,  964 
Mudlage,  766 

Must,  928 

Preparation,  928 

ConiBtituenta  and  fermentation,  980 

Testing,  986 
Mvrrh,  727 


NAPLES  YELLOW,  889 
Nickel,  608 

History,  occurrence,  and  characters,  608 

Preparation  and  uses,  609 

Compounds,  610 
Nickel  arsenate,  498 
—  oxide,  611 
Nickelous  sulphate,  611 
Niobium,  482 
Nitric  add,  42 

History  and  occurrence,  42 
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Nitric  add,  cont. 

CompoBition  and  characters,  4;i 

Strength,  48 

Preparation,  45 

Distillation,  45 

Bleaching,  46 

Uses,  48 
Nitrie  add,  filming,  48 
Nitric  oxide,  40 

Composition,  characters,  preparation,  40 
Nitro^^  oxides,  134 
Nitrogen  pentoxide,  42 

(Smiposition,    character^*,  preparation, 
and  compoands,  42 
Nitrogen  peroxide,  41 

CkinipoHition,   characters,   preparatiun, 
and  compounds,  41 
Nitroglycerin,  281 
Nitrous  anhydride,  41 

Compontion,   characters,  preparation, 
and  compounds,  41 
Nitrous  gases,  124 
Nitrous  oxide,  oomposition,  40 

Characters,     preparation,    uses,     and 
compounds,  40 
Nobel's  blanting  powder,  226 
—  blasting  oil,  281 

Nomenclature  and  notation  in  chemistry',  1 1 
Nordhausen  oil  of  vitriol.  111 

Extraction,  146 


OIL,  668 
Preparation  of,  for  burning,  670 
Rectification  of  crude  oil,  689 
OU  (essential),  anise,  723 

—  bergamot,  728 

—  birch,  722 

—  bitter  almond,  724 

—  cajeput,  724 

—  camphor,  Borneo,  722 
Japan,  722 

—  caraway,  728 

—  cassia,  722 

—  cedar,  721 
chamomile,  723 

—  cinnamon,  722 

—  <ntronella,  722 

—  clove,  724 

—  cubeb,  722 

—  cumin,  728 

—  eucalyptus,  724 

—  grass.  East  Indian,  72'2 

—  hemp,  722 

—  hop,  722 

—  j  ax  mine,  724 

—  juniper,  721 

—  lavoider,  723 

—  lemon,  723 

—  lemon  grass,  722 

—  lime,  723 

—  meadow  sweet,  728 

—  mustard,  724 

—  ueroli,  724 

-~  nutmeg  or  mace,  722 

—  orange.  723 

—  otto  of  rose,  723 

—  patchouli,  728 

—  pepper,  722 

—  peppermint,  723 

—  pimento,  724 

—  rosemary,  7^ 

—  loaewood,  1^% 


PAP 

Oil  (essential),  rue,  724 

—  sandal  wood,  721 

—  sa«afhbs,722 

—  savin,  721 

—  thi\ja,  721 

—  thyme,  728 

—  valerian,  722 

—  wtntergreen,  728 

—  wormirood,  728 

Oil,  fish,  purification,  667 

Oil  from  shale,  coal,  etc,  685 

OU,ftisel,888 

Oil  gas,  718 

Oil,  hydrocarbon,  688 

OU,  solar,  691 

Oil,  turpentine,  721 

Oils,  aromatic,  of  the  coffee  bean,  971 

Oleflant  gas,  78 

Chanusters  and  preparation,  78 

Uses,  79 
Oleic  add,  664 
Oleoresins,  720 
Olibanum,  727 
Opoponax,728 
Ores,  copper,  400 
~^d,527 

—  iron,  562 

—  lead,  872 

—  mercury,  454 

—  silver,  429 

—  tin,  464 

—  zinc,  845 

Organic  chemistry,  609.    See  CirxMnTRT 
Oiganic  substances,  609 

Groups  of,  614 
Osmium,  589 

History,      occurrence,       preparaHon, 
characters,  and  combinations,  b39 
Ovens,  baking,  798 
Oxides,  composition,  21 
Oxygen,  17 

"  History,   oocurrence,    characters,    and 
preparation,  17 

Compounds,  20 

Composition,  21 

Combustion,  22 
Oxygen,  allotropic  form,  26 
Oxyhydrogen  blowpipe,  28 
Ozokerite,  685 
Ozone,  24 

History,  occurrence,  and  characters,  24 

Preparation  and  uses,  25 


PACKFOXG,  510 
1  Palladium,  534 

Alloys  and  compounds,  585 
Palmitic  acid,  664 
Palmitin,  664 
Paper,  683 

HistorjS  638 

Composition  and  properties,  634 

Preparation  and  materials,  634 

Testing,  651 
Paper,  coloured,  648 

—  lilter,  649 

—  gold,  649 

—  granite,  649 

—  hand,  646 

—  machine,  646 

—  marble,  649 

—  morocco,  649 

—  mottled,  649 
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PAP 

Paper,  pnrchment,  650 

—  rainbow,  649 

—  rep  or  filagree,  649 

—  silver,  649 

—  surface-colonred,  648 
Paper  making,  641 

Rleaching  of  paper  stuff,  642 

SiziD}:^,  644 

Tinting,  644 
Papier  mach^,  650 
Paraffin,  683 
Parafiln  candles,  683 
Parapectic  acid,  654 
Parapectin,  658 
Parchment,  688 

—  vegetable,  650 
Pasteboard,  65U 
Pearl  ash,  208 
Peat,  85 
Pectase,  652 
Pectic  acid,  653 
Pectin,  652 

Pectinose,  or  pectin  sugar,  664 
Pectose,  652 
Pectosic  acid,  653 
Pectoufl  substances,  652 
Permanganates,  520 
Pern  balsam,  728 
Petroleum,  683,  691 
Pewter,  470 
Phosphorescence,  149 
Phosphorus,  149 

Histoiy,  occurrence,  and  characters,  149 

Prepar^on,  150 

Distillation,  152 

Uses,  157 

Compounds,  161 
Phosphorus,  amorphous,  150, 156 

—  crude,  purification,  154 

—  granular,  165 
Photogen,  691 
Pig  iron,  561 

Production,  661 

Characters,  565 

Composition,  569 

Refining,  585 
Pink  salt,  474 
Plants,  609 

Substances  derived  from,  609 

Composition,  610 

Growth,  612 
Plaster  of  paris,  287 
Plate  (^lass,  818 
Platinio  chloride,  684 

—  oxide,  533 
Platinous  chloride,  688 

—  oxide,  538 
Platinum,  530 

History,  occurrence,  and  characters,  680 

Preparation,  581 

Uses,  532 

Compounds,  588 
Plumbic  chromate,  624 
Podophyllin,  726 
Porcelain,  839 
Portland  cement,  296 
Potash,  205 

Calcination,  207 

Prom  wood  ashes,  206 

—  schttnite,  206 

—  sea  weed,  208 

—  8nint,208 

—  wine  lees,  208 


PUD 

Potash,  eont. 

From  mouses,  208 

Refining,  209 
Potash  alum,  807 
Potassium,  194 

History  and  occnrrence,  194 

Characters,  195 

Preparation  and  compounds,  196 
Potaraium  and  aluminum  sulphate,  307 
Potassium  and  caffein  caffetannate,  970 
Potassium  arsenate,  498 

—  arsenites,  496 

—  bromide,  200 
Potassium  carbonate,  205 

History  and  characters,  205 

Preparation,  206 

Uses,  209 
Potassiimi  carbonate,  add,  209 
Potassium  chlorate,  202 

History,  characters,  andpreparation,202 

Usetf,  208 
Potassium  chloride,  197 

Occurrence,  characters,  and  preparation, 
197 

Extraction  from  sea-weed,  198 

Uses,  200 
Potassium  chromate,  628 
Potassium  cyanide,  80 

Characters,  preparation,  and  uses,  80 
Potassium  dichromate,  528 
Potassium  ferricyanide,  82 

Composition,  characters,  and  prepara- 
tion, 82 

Uses,  88 
Potassium  ferrocyanide,  80 

History,  characters,  and  preparation,  80 

Uses,  82 
Potassium  hydrate,  196 

Characters,  196 
Potassium  iodide,  201 

Characters  and  preparation,  201 
Potassium  metastannate,  472 
Potassium  nitrate,  211 

Preparation,  215 

Testing,  216 
Potassium  oxalate,  acid,  211 

—  oxide,  196 

—  stannate,  472 
Potassinm  sulphate,  209 

Characters,  209 

Preparation,  210 
Potassium  sulphatp.,  acid,  210 
Potassium  tartrate,  add,  211 
PoUto  disease,  788 
PoUto  flour,  788 

—  spirit  921 

—  starch,  768 
Potatoes,  787 

Composition  and  preservatioQ,  787 
Pottery,  or  earthenware,  383 

Compodtion  of  days,  884 

Analyses,  885 

Common  pottery  ware,  386 

Gladng  and  decoration,  837 
Preparations.    See  under  Diaoramb 
Printer's  blue,  514 
Prussian  blue,  88 

Soluble,  84 

Uses,  84 
Prussiate,  red,  82 

—  ydlow,  80 

Paddle  balls,  treatment,  696 
Paddling  furnaces,  rotatoiy,  698 


SB4 


117 
bamcr,  ISO 


,  or  «xpkMHre  lUrch,  229 


R 


AGS,  tnttflMDt  oC,  in  the  nunmfartarc  of 


UuL]g»r,  499 

Ktcipai  for  makiog  eooiboitible  compriAi- 

tions  for  nuitdiet,  204 
lUettfoitioD  or  tpifit,  900 
S6dlMd,890 
Sad  preciplUte,  459 
Sad  pniMbile,  82 
B«fin,719 

BoUm  J  Bftj,  726 
B«Uirt  fomaoe,  690 
Bitorti,  i$M,  696 
BkodhuD,  686 

Compoundf  Mid  aSlkjn^  6S6 
JUmiuui**  greeo,  614 
Book  Mh,  207 
Rock  MIL  286 
Boll  falpbar,  97 
Ronuw  afaun,  806 
BoBMO  ecoMDt,  298 
Bvlridiniii,  280 

Rnpert'i  dropt,  or  derirn  tearn,  31.3 
Rntbeiiioiii,  687 

SAOCHARIMETKY,  871 
SMchiuroM,8D3 
flafetj  Umpiv  77 
SagapeDam,  727 
8affo^768 
Sal  ammoniac,  61 
Salioor,  266 
Salt,  artificial  sea,  201 

—  Gmelin'n,  82 

—  rock.  286 

Halt  cake,  niAnnfacture,  261 
Salt  garden,  241 
Salt  of  sorrel,  211 
Saltpetre,  211 

ffatural  saltpetre,  212 

Formation,  $18 

Refininf^  of  crude  and  Indian,  216 

Teatinir,  216 
Sandarac,  726 
Hantorin  earth,  296 
Sanaa,  148 
Saxafrafj^n,  226 
Sea  salt,  artificial,  201 
Seidlitz  powdem,  276 
Sheet  glasA,  817 
Shell  Uc,  726 
SiUca,  198 
Hilicatee,  aluminum,  192 

—  calcium,  192 

—  ferrous,  198 

—  lead,  198 

—  magnesium,  192 

—  manganous,  19U 

—  potassium,  192 

—  ainc,  198 
Siliceous  materials,  816 
Silicic  oxide,  198 
Silicon.  191 

History,    occurrence,   charncters,   and 
compounds,  191 


r,  oeesrrcnee, 
,428 
A— ly— »i^wwi  of  alwr 

"HMgtfWm  of  sOver 

441 
Fran  lead,  489, 489 
latioii,48» 
44& 
n8e8,446 
Coaponnda,  447 
SflTcr  aiaaiate,  498 
448 


4i7 


429 

oopper.  4!li. 


History,  oeenrvence,    charaeten.  sad 
prrparation,  448 
Sflver  nitrale,  460 

Charactcn  and  prcparatkiii,  450 
Silver  aside,  448 

Chsnetais  and  prcparatioB,  448 
SQTer  sulphate,  449 

CharacteiB,  449 

PreparatioD,  460 
SilTcr  solphlde,  449 

Oeearrenoe  and  diaracterB,449 
Size,  662 

Slags,  finery,  analyses  at  poor  and  rich,  581 
Smalt,  618 
Smaltine,  612 
Smoke,  91 

Soap,  mannfactnre,  668 
Soap,  hard,  669 

—  mottled,  670 

—  ailicated,670 

—  soft,  669 

—  toilet,  670 
Soda,  canstic,  233 
Soda  crjrstala,  26G 

—  natural,  266 

—  sesqnicarbonate,  274 
Soda  waste,  271 

Soda  water,  276 
Sodium,  232 

History,    occurrence,    character^  ind 
preparation,  282 
Sodium  alum,  811 

—  alnminate,  812 

—  arsenate,  498 

—  arsenites,  496 

Sodium  biborate  (borax),  277 

History,  oocnrrenoe,  and  character*.  ?77 

Preparation,  278 

From  the  water  of  the  borax  lak#^  ?7S 

From  native  calcium  borate,  278 

From  boracic  acid,  278 

Uses,  280 
Sodium  bicarbonate,  273 

Characters  and  preparation,  273 

Uses,  276 
Sodium  carbonate,  266 

History  and  occnrrenoe,  266 

Preparation,  266 

Uses,  271 
Sodium  carbonate,  acid,  278 

Tests,  274 
Sodium  chloride,  286, 

Historj'  and  occurrence,  286 

Preparation,  236 

Usee,  248 
Sodium  chromate,  624 
Sodium  hydrate  (caustic  soda).  28S 

Characters,  288 

Preparation,  284 

U8e4.286 
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SOD 

Sodium  metafltannate,  472 
Sodium  nitrate,  276 

characters  and  uses,  276 
Sodium  oxide,  283 

—  phosphate,  276 

—  stannatc,  472 
Sodium  sulphate,  249 

Occurrence,  characters,  and  prepara- 
tion, 249 

Uacs  and  puritication,  254 
Sodium  sulphides,  243 
So<lium  thiosulphate,  248 

Characters  and  preparation,  248 
Solar  oil,  691 
Soldering,  autc^enous,  28 
Sombrcnte,  149 
S«x>t,91 

Spathic  iron  ore,  554 
Spet'itic  gravity,  3 

—  heat,  4 

Speculum  metal,  471 
Speiw,  872 

Speiss  glass,  502 
Spelter,  844 

Spermaceti  candles,  682 
Spirit,  900 

Rectification,  900 

Purification,  907 

Manufacture,  909 

Refuse  waters  of,  924 
Spirit  from  acorns,  924 

artichokes,  924 

asphodel,  924 

beet  root,  91 1 

com,  923 

molasses,  916 

potatoes,  921 

starch,  919 

sugar  grass,  924 

Spirit  still»,  889 

SpiritUsS  funians,  Libavius',  474 

Splints  for  matches,  preparation,  158 

Stannic  acid,  472 

Stannic  chloride,  474 

History,  characters,  and  preparation, 
474 

UscH,  475 
Stannic  oxide,  472 

History,    occurrence,    characters,    and 
comppuiids,  472 

Preparation  and  uses,  475 
Stannic  sulphide,  475 

History,  occurrence,  and  characten,  475 

Preparation  and  uses,  47G 
Stannous  chloride,  478 

HistoiY,  characters,  preparation,  473 

Uses,  474 
Stannous  metastannate,  473 
Stannous  oxide,  471 

History,  characters,  and   preparation, 
471 
Stannous  sulphide,  475 

History  and  characters,  475 
Starch,  767 

Occurrence  and  characters,  757 

Preparation,  764 

Usea,  776 
Starch,  barley,  granules,  780 

—  bean,  granules,  780 

—  maize,  granules,  781 

—  oat,  granules,  780 

—  rice,  granules,  781 

—  rye,  granules,  781 


SUL 

Starch,  hydrates,  760 
Starch  manufacture,  769 

—  from  beans,  775 

maize,  775 

potatoes,  764 

rice,  775 

wheat,  771 

Starch  spirit,  919 
Stassfurt  salts,  197 
Stearic  acid,  663 

Stearin,  or  glyceryl  stearate,  664 
Steel,  600 

Manufacture,  600 

Carburation  method  :  cementation,  601 

Decarburation  method  :  Bessemer*s,  603 

Characters,  606 

Table  of  compositions,  608 
Stills,  Coffey's,  899 

—  Laugier*s,  891 

—  Spint,  889 
Stone,  artifidal,  341 
Storax,  728 

Straw,  as  a  material  for  paper,  687 
Strontium,  297 
Stucco,  290 
Sabfltances,  2 

Physical  characters  of,  2 

Table  of  elementary,  6 

Occurring  as  minerals,  15 

Derived  mm  plants  and  animals,  609 
Sugar,  802 

Characters,  803 

Occurrence,  802 

Preparation,  808 

Clarification  of  the  juice,  833 

Defecation  and  refining,  860 
Sugar  beet,  814 

Culture,  814 

Anatomical  structure,  816 
Sugar  beets,  877 
Sugar  candy,  869 
Sugar  cane,  the,  811 

Constituents,  813 
Sugar,  cane,  803,  809 

Manufacture,  821 
Sugar,  crystallised,  875 

—  grapc,'803 

—  lime,  805 

—  milk,  807 
Sugar  of  lead,  398 
Sulphantimonic  acid,  503 
Sulphantimonites,  508 
Sulphur,  92 

History,  occurrence,  and  characters,  92 

Preparation,  93 

Ex^action,  93 

Distillation,  95 

Refining,  96 

Uses,  100 

Compounds,  103 
Sulphur  chloride,  176 

History,  characters,  preparation,  and 
uses,  176 
Sulphur,  flowers  of,  97 

—  milk  of,  93 

—  roU,  97 

Sulphur  from  pyrites,  99 

soda  waste,  100 

Sulphur  furnace,  116 
Sulphuretted  hydrogen,  136 

History,  occurrence,  and   characters. 
186 

Preparation  and  ases,  137 
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SUL 

Sulphuric  acid,  109 

Histofy,  occurrence,  compoeition,  and 
characters,  109 

Table  of  strcoigths,  110 

Preparation,  111 

In  lead  chambers,  113 

In  shaft  furnaces  or  kilns,  118 

The  chamber  process,  127 

Concentration,  130 

The  continuous  process,  131 

In  glass  retorts,  133 

Uses,  135 
Sulphuric  oxide,  108 

Characters,    preparation,    and     com- 
pounds, 108 
Sulphurous  acid,  107 

Uses,  108 
Sulphurous  oxide,  103 

History  and  occurrence,  103 

Composition,  characters,  and  prepara- 
tion, 104 

Uses  and  compounds,  107 

Manufacture  irom  pyrites,  107 
Surrogate,  for  rags  in  paper  making,  634 

Preparation,  by  mecnanical  treatment. 

By  chemical  treatment,  685 


TALLOW,  665 
Purification,  665 
Melting,  665 
Tantalum,  482 
Tapioca,  759 
Tar,  condensation,  701 
Tea,  969 

Tea,  dried,  composition,  972 
Telegraph    wires,    insulation    with    gutta 

perch  a,  753 
Tellurite,  148 
Tetradymite,  148 
TextUe  fibres,  617 
ThaUic  oxide,  483 
ThaUinm,483 
Thallous  chloride,  483 

—  oxide,  483 
Thenard's  blue,  514 
Theobromin,  969 
Thorium,  487 

Compounds,  488 
Thomstonc,  composition.  23U 
Tin,  464 

History,    occurrence,    cliaracters,  and 
preparation,  464 

Roasting  of  tin  ore,  IGo 

Smelting  in  reverberatory  furnaces,  467 

In  shaft  fumncc8,  468 

Uses  and  compounds  '^^^^ 
Tin,  butter,  474 

—  nitromuriate,  475 
Tincal,  purification,  279 
Titanic  chloride,  477 

—  fluoride,  478 

—  oxide,  477 

—  sulphide,  477 
Titanous  chloride,  177 

—  oxide,  477 
Titanium,  476 
Tolu  balsam,  729 
Tous-les-mois,  758 
Tragacanthin,  756 
Trass,  294 
Tungsten,  Al% 


WAX 

Tungstic  chloride,  179 
—  oxide,  478 
Tunidn,  618 
Turf;  85 

Tumbull*s  blue,  84 
Turpentine,  720 
Turpentine  oil,  721 

ULTRAMARINE,  244 
History,  occurrence,  composition,  244 
Characters,  245 
Preparation,  246 
Uses,  247 
Uranates,  491 
Uranic  oxide,  491 
Uranite,489 
Uranium,  489 

History,  occurrence,   characten,    and 

preparation,  489 
Compounds,  490 
Uranous  oxide,  491 

VACUUM  PANS,  849 
*     Vanadic  pentasulphide,  481 
Vanadic  pentoxide,  481 
Vanadium,  480 
Varec,  196 
Varnishes,  729 
Vats,  farmentation,  953 
Vcrdi^jis,  422 

Vermicelli,  manufacture,  797 
Vermilion,  antimony,  508 
Vesta  or  wax  matches,  160 
Vinegar,  beer,  965 

—  beetroot,  965 

—  malt  and  grain,  965 

—  wine,  964 
Vinegar  making,  964 

The  quick  process,  965;  967 
Viridic  aad,  970 

Vitriol,  Aiming  oil  of,  manufacture.  1 12 
Vitriol,  blue,  425 

—  white,  356 

Vulcanite,  manufacture,  745 

WAD,  or  bog  manganese,  516 
Water,  30 

History  and  occurrence,  30 
Composition  and  characters,  31 
Purification  and  filtration,  34 
Water  for  brewing,  940 
Water  glass,  332 
Water  mark  in  paper,  649 
AVater,  natural,  32 

—  rain  or  snow,  82 

—  river,  38 

—  j*ea,  38 

—  spring,  82 

—  table  of  the  composition  of  various  river 

waters, /octn^f  34 

—  well,  32 

Waterproof  fabrics,  739 
Wax,  Andaquies,  681 

—  bleaching,  681 

—  bees*,  680 

—  Camauba,  681 
~  Chinese,  680 

—  Japanese,  680 

—  myrtle,  681 

—  palm,  681 

—  Ocuba,  681 
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WAX 

Wax  candles,  681 

Wax  candle  making,  681 

Wheat  grain,  structure,  777 

Wheat,  spelt,  777 

—  true,  /77 

Wheat  stacks,  784 

Wheaten  flour,  Holland's  test,  788 

White  lead,  893 

Dutch  method  of  preparing,  893 

French  method,  896 

English  method,  897 

From  lead  sulphate,  897 
White  precipitate,  458 
White  vitriol,  866 
Window  glass,  817 
Wine,  926 

Constituents  926 

Fermentation,  980 

Deterioration,  988 

Preservation,  984 

Adulteration,  986 

Testing,  936 
Wine  residues,  treatment,  936 
Wood,  86,  619 

Composition,  620 

Uses,  622 

Preservation,  623 
Wood  ash,  206 
Wood  charcoal,  69 
Wort,  fermentation,  968 


VTL01D1N,762 


VEAST,  882 
A     Presorvation,  917 
Yeast,  bottom,  964 
Yttrium,  488 


ZAFFRE,  514 
Zinc,  844 
History,  oocorrence,   characters,   and 

preparation,  844 
Smelting,  845 
Zinc  acetate,  868 

—  arsenate,  499 
Zinc  carbonate,  867 

History,  ocourrenoe,   characters,    and 
preparation,  867 
Zinc  chloride,  867 
Zinc  oxide,  847 

Histoiy,  occurrence,  and  characters,  34  7 

Preparation,  848 

Uses,  866 
Zinc  sulphate,  866 

History,  occurrence,    characters,    and 
preparation,  866 

Uses,  867 
Zinc  sulphide,  866 

History,  occurrence,  and  characters,  866 
Zinc  white,  siccative  for,  354 
Zinc  white  oil  colourB,  preparation,  366 
Ziroonic  chloride,  486 
Zirconium,  486 

—  oxide,  486 
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L.  &  £.,  Professor  of  Anatomy  in  the  University  of  Glasgow  ;  and  Edward 
Albert  Schafer,  Assistant  Professor  of  Physiology  in  University  College, 
London,    Illustrated  by  One  Thousand  Engravings  on  Wood.   2  vols.  8vo, 


pnce  32J. 
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^NATOMY,   DESCRIPTIVE  AND  SURGICAL. 

By  Henry  Gray,  F.R.S.,  late  Lecturer  on  Anatomy  at  St  George's 
Hospital  With  411  large  Woodcut  Illustmtions ;  those  in  the  First 
Edition  after  Original  Drawings  by  Dr.  Carter,  from  Dissections  made 
by  the  Author  and  Dr.  Carter  ;  the  additional  Drawin£js  in  the  Second 
and  subsequent  Editions  by  Dr.  Wkstmacott.  Eighth  Edition,  by 
T.  Holmes,  M.  A.,  Surgeon  to  St.  George's  Hospital ;  with  an  Introduction 
on  General  Anatomy  and  Development  by  the  Editor.      Rojral  8vo,  2&f. 


A   MANUAL  OF   OPERATIVE   SURGERY  ON 

THE  DEAD  BODY. 

By  Thomas  Smith,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  St.  Bar- 
tholomew's Hospital.  A  New  Edition,  re-edited  by  W.  J.  Walsh  am. 
Demonstrator  of  Anatomy  and  Operative  Surgery  to  St.  Bartholomew's 
Hospital  Medical  School.  With  46  Illustrations  engraved  on  Wood.  8vo. 
price  \25, 
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'j'ablets  of  anatomy  and  physiology. 

By  Thomas  Cooke,  F.R.C.S.,  Senior  Assistant- Surgeon  to,  and  Demon- 
strator of  Anatomy  at,  the  Westminster  Hospital.     Crown  8vo. 


Bones  of  SkuU  (2nd  Thousand)  td. 
Bones  of  Face  (and  Thousand)  btL 

Bones  of  Trunk 6(/. 

Bones  of  Upper  Limb dd. 

Bones  of  Lower  Umb 6</. 

Ioints  and  Ligaments 9</. 
fusdes <jfi. 

Arteries   of  Head  and   Neck 

(and  Thousand) &/. 

Arteries  of  Limbs  (3rd  Thoic 
sand)   &/. 


Nerve  Centres 91/. 

Cranud  Nerves  (znd  Thoasand, 

enlarged)   9</. 

Sjrmpatnetic  Nerves M. 

Respiratory  Orirans ttL 

Male  Genito-Unnary  Orleans    fad. 

I  festive  Organs   ..,,  td. 

Peritoneum     and     Abdominal 

Glands    ftd. 

Ear  and  Eye  (3rd  Thousand)..  \s. 
Surj^cal  Anatomy 91/. 


Circulitinn.  Respirat;on,  Ani> 
roal  Heat  (3rd  Thousand,  re- 
vised and  corrected)  ....  IX.  &/. 

D^l^estioa.  Absorption 91^. 

Development  (Gen.  Devt.  of 
Embryo) (td. 

Development  of  Organs \s. 

Comoarative   Anatomy  (Ei|^t 
Tablets  on)  %s. 

Chronoloey  of  Generation  (a 

large  Tableau  3  ft.  square) ..  6y. 
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pOMPARATIVE    ANATOMY    AND    PHYSIO- 

^^  LOGY  OF  THE  VERTEBRATE  ANIMALS. 

By  Richard  Owen,  F.R.S.,  Superintendent  of  the  Nat  Hist  Depart- 
ments, British  Museum.      3  vols.  8vo,  with  1,472  Woodcuts,  731.  td. 
Vol.  I.  Fishes  and  Reptiles^  with  452  Woodcuts,  2ix. 
Vol.  n.    Wantt'bloodea  Vertebrates^  with  406  W^oodcuts,  21/. 
Vol.  hi.  Mammalia^  includ'mg  Man,  with  614  Woodcuts,  3IJ.  6^. 


T  ECTURES  ON  THE   COMPARATIVE  ANATOMY 

^'     AND    PHYSIOLOGY   OF    THE    INVERTEBRATE    ANIMALS. 
Delivered  at  the  Royal  College  of  Surgeons.    By  the  same  Author,    Second 
Edition,  revised,  with  235  Woodcuts.     8vo,  21/. 


PUBLISHED  BY  MESSRS.  LONGMANS  ^  CO. 


QUTUNES  OF  PHYSIOLOGY,  HUMAN  AND 

COMPARATIVE. 

By  John  Marshall,  F.R.S.,  Professor  of  Surgery  in  University 
College,  London ;  Surgeon  to  the  University  College  Hospital  With 
122  Woodcut  Illustrations.     2  vols,  crown  8vo,  32J. 
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fJISTOLOGICAL  DEMONSTRATIONS, 

A  Guide  to  the  Microscopical  Examination  of  the  Animal  Tissues  in 
Health  and  in  Disease ;  being  the  Substance  of  Lectures  delivered  by  G. 
Harley,  M.D.,  F.R.S.,  formerly  Physician  to  Univ.  Coll.  Hospital,  and 
Prof,  in  Univ.  ColL  London.  Edited  by  G.  T.  Brown,  M.R.C.V.S. 
Second  edition,  revised  ;  with  Coloured  Plate  and  220  Woodcuts.  Crown 
8vo,  price  i2j. 
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J^EALTH  IN  THE  HOUSE. 

Twenty-five  Lectures  on  Elementary  Physiology  in  its  application  to  the 
Daily  Wants  of  Man  and  Animals.  By  Mrs.  C.  M.  Buckton,  Member 
of  the  Leeds  School  Board.  New  and  cheaper  Edition  (being  the  Seventh), 
thoroughly  revised ;  with  41  Woodcuts  and  Diagrams.  Small  8vo, 
"price  2j. 


T  ECTURES     ON     THE     PRINCIPLES     AND 

^^    PRACTICE  OF  PHYSIC, 

Delivered  at  King*s  College,  London,  by  Sir  Thomas  Watson,  Bart., 
M.D.,  F.R.S.,  Hon.  LL.B.  Cantab.,  Hon.  D.C.L.  Oxon.,  &c.,  Physidan- 
in-Ordinary  to  the  Queen.  Fifth  Edition,  revised  and  enlarged,  with  two 
Plates.      2  vols.  8vo,  price  36/. 

QLINICAL  LECTURES  AND  ESSAYS. 

By  Sir  James  Paget,  Bart,  F.R.S.,  D.C.L.  Oxon.,  LUD.  Cantab., 
&c,  Serjeant-Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Waiet, 
Consulting-Surgeon  to  St.  Bartholomew's  Hospital  Edited  by  F.  Howard 
Marsh,  Assistant-Surgeon  to  St.  Bartholomew's  Hospital     8vo,  15/. 
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EXAMINATION  QUESTIONS  IN   ANATOMY, 

PHYSIOLOGY,  BOTANY,  MATERIA  MEDICA,  SURGERY, 
MEDICINE,     MIDWIFERY,     AND     STATE-MEDICINE. 

Arranged  by  H.   A.   Husband,  M.B.,  M.C.,  M.RC.S.,  L.S.A.,  &c 
Second  Edition,  revised  and  augmented.    32mo,  price  4/.  td. 


*>,/>/>/ \x\/v/\/>^vr\/ > 


A 


DICTIONARY  OF   MEDICINE. 

Edited  bjr  Richard  Quain,  M.D.,  F.R.S.,  Fellow  of  the  Royal 
College  of  Physicians,  and  Physician  to  the  Hospital  for  Diseases  of  the 
Chest  at  Brompton;  assisted  by  numerous  Eminent  Writers.  In  One 
Volume,  8vo.  \Pr^^ng  far  pubHcatwtu 


IVOR  ITS  ON  MEDICINE,  SURGER  Y   6v. 


THE 


SENSES   AND    THE   INTELLECT. 


T 


By  Alexandkr  Bain,  LI^D.,  ProieaKfr  of  Logic  in  the  Untrersitj  of 
Aberdeen.  Third  Edition,  with  nmncroos  Kmrndations  and  a  Reriew  of 
D«rwin  on  Expression  as  a  Postscript    Svo,  ly. 

HE  EMOTIONS  AND  THE  WILL. 


By  the  same  Author.    Third  Edition,  tborenghly  revised,  and  in  great  part 
re-written.    8vo,  price  ly. 


lyiENTAL  AND  MORAL  SCIENCE: 

A  Compendiom  of  Psychology  and  Ethics.     By  the  same  Author.    Third 
Edition.     Crown  Sto,  los.  6d,     To  he  had  also  in  Two  Pakts  :— 

Paet  I.,  Mental  Science,  price  6f.  dd, ;  PART  IL,  Moral  Science^  price  4/.  6i/. 

LOGIC,    DEDUCTIVE    AND    INDUCTIVE. 

By  the  same  Author.     In  Two  Parts»  crown  Svo,  price  lOf.  td.    Each 
Part  may  be  had  separately : — 

Part  I.,  Deduction,  price  4/. ;  Pait  II.,  IndncOan,  price  6/.  6d. 


nPHE    HISTORY    OF     PHILOSOPHY     FROM 

*      THALES   TO  COMTE. 

By  George  Henry  Lewes.    Fourth  Edition,  re-written  and  greatly 
enlarged.     2  toIs.  8to,  price  321. 


A      SYSTEM     OF     LOGIC,    RATIOCINATIVE 

-^^     AND    INDUCTIVE; 

Being  a  Connected  View  of  the  Principles  of  Eridence  and  the  Methods  of 
Scientific  Investigation.  By  John  Stuart  MILL.  Nmth  Edition.  2  vols. 
8vo,  price  25/. 

J^ILLICK'S  HANDBOOK  OF  MILL'S  LOGIC,  price  jx.  6//. 


MESMERISM,   SPIRITUALISM,  &c.,  HISTORI- 
CALLY AND  SCIENTIFICALLY  CONSIDERED; 

Being  Two  Lectures  delivered  at  the  London  Institute,  with  Preface  and 
Appendix.  By  William  B.  Carpenter,  C.B.,  M.D.,  LL.D.,  F.R.S., 
F.G.S.,  V.P.L.S.,  &c,  Conesponding  Member  of  the  Institnte  of 
France,  Registrar  of  the  University  of  London.  Second  Edition,  revised. 
Crown  8vo,  price  $s. 

*'  We  commend  this  book  both  to  believen  '  tire  and  eatertainiag  account  <^  a  series  of 

and  unbelicven  in  spiritualism ;  in  perusal  delnsioos,  all  explainable  by  the  princmles  here 

woidd,  we  think,  greatly  disturb  the  faith  of  ;  laid  down,  and  which  have  in  modonotimes 

tlie  former,  and  greatl  v  sttensthen  the  convic-  .  sprung  up  one  after  anochcr  like  a  roiatioQ  of 

^^^^^»i^'  —MedioJExammer.  ,  crops  on  the  same  wide  field  of  human  credulity 

ut.  CARntNTEK  here  suppbes  an  mstmc-  |  and  perrerted  h^Mt'^Atknutrnm^ 


PUBLISHED  BY  MESSRS.  LONGMANS  &•  CO. 


LECTURES  ON  SURGICAL  PATHOLOGY 

Delivered  at  the  Royal  Collie  of  Surgeons  of  England.  By  Sir  James 
Paget,  Bart.,  F.R.S.,  D.C.L.,  Oxon.,  LL.D.,  Cantab.,  &c,  Serjeant- 
Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Wales,  Consulting 
Surgeon  to  St  Bartholomew's  Hospital.  Third  Edition,  re-^ted  by  the 
Author  and  W.  Turner,  M.B.,  Professor  of  Anatomy  in  the  University 
of  Edinburgh.     8vo,  with  131  Woodcuts,  price  2ij. 
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A 


TREATISE  ON   MEDICAL  ELECTRICITY, 

THEORETICAL  AND   PRACTICAL; 

And  its  Use  in  the  Treatment  of  Paralysis,  Neuralgia,  and  other  Diseases. 
By  Julius  Althaus,  M.D.,  Member  of  the  Royal  College  of  Physicians  ; 
Fellow  of  the  Royal  Medical  and  Chirui]|;ical  Society ;  Senior  Physician  to 
the  Infirmary  for  Epilepsy  and  Paralysis.  Third  Edition,  enlai^ed  and 
revised ;  with  147  Illustrations  engraved  on  Wood.    Svo,  price  iSj. 
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NOTES    ON    THE    TREATMENT    OF    SKIN 

DISEASES. 

By  Robert  Liveing,  M.A.  and  M.D.  Cantab.,  F.R.C.P.  Lond.,  lately 

Physician  and  Lecturer  to  Middlesex  Hospital,  and  Physician  in  charge 

of  the  Skin  Department.     Fourth  Edition,  revised  and  enlai^ed.     i8mo, 

price  3J. 

"Not  a  mere  medley  compilation,  but  a 
really  good  condensation  of  what  is  most  cer- 
tainly  known  of  the  best  treatment  of  skin 
diseases,  while  the  therapeutical  fonnuLae  are 


judicioosly  selected,  and  furnish  a  reliable  re> 
pertory  (ox  general  }XiK,"'-'DHblin  Medical 
youmai. 
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ELEPHANTIASIS      GRiECORUM,     or     TRUE 

LEPROSY ; 

Being  the  Goulstonian  Lectures  for  1873,  revised  and  enlarged.  By  Robert 
Liveing,  M.A.  and  M.D.  CanUb.,  F.R.C.P.  London,  &c.  Crown  Svo, 
price  4/.  6d, 
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QN  ADDISON'S  DISEASE, 

Being  the  Croonian  Lectures  for  1875,  delivered  before  the  Royal  College 
of  Physicians,  revised  and  illustrated  by  Reports  of  Cases.  By  £.  HeadlaM 
Greenhow,  M.D.,  F.R.S.,  F.R.CP.,  Physician  to,  and  Lecturer  on 
Medicine  at,  the  Middlesex  Hospital  With  5  Plates  of  Figures  (3  coloured), 
Svo,  price  I2j.  6d, 


«W^^  •'^•^"^S^«r>^W'»>»-W 


CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDICE  &  ABDOMINAL  DROPSY; 

Including  the  Croonian  Lectures  on  Functional  Derangements  of  the  Liver 
delivered  at  the  Royal  College  of  Physicians  in  1874.  By  Charles 
MURCHISON,  M.D.,  LL.D.,  F.R.S.  &c  ;  Fellow  of  the  Royal  College  of 
Physicians;  Physician  and  Lecturer  on  the  Principles  and  Practice  of 
Medicine,  St.  Thomas's  Hospital  Second  Edition,  thoroughly  revised 
and  enlarged ;  with  37  Illustrations  engraved  on  Wood.    Svo,  price  21/. 


WORKS  ON  MEDICINE^   SURGERY  &v. 


A   TREATISE  ON  THE  CONTINUED  FEVERS 

OF    GREAT    BRITAIN. 

By  Charles  Murchison,  M.D.,  LL.D.,  F.R.S.,  &c.,  Fellow  of  the 
R<^al  College  of  Physicians ;  Phyacum  and  Lectnrer  on  the  Principles 
and  Practice  of  Medicine,  St.  Thomas's  Hospital  Second  Edition, 
thoroughly  revised  and  enlarged ;  wiUi  5  Chromolitlu^graphs,  19  Diagrams 
in  Lithography,  and  22  Illustrations  engraved  on  Wood.     8vo,  price  24/. 

'P'YPHOID  FEVER; 

Its  Nature,  Mode  of  Spreading,  and  Prevention.  By  William  Budd, 
M.D.,  F.R.S.     With  Four  Plates  (one  coloured).     Royal  8vo,  price  idr. 
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A 


TREATISE  ON  GOUT  AND  RHEUMATIC 

GOUT  (RHEUMATOID  ARTHRITIS). 

Bv  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  Fdlow  of  the  Royal  College 
of  Physicians ;  Consulting  Physician  to  Kin^s  College  Hospital ;  late  Pro- 
fessor of  Therapeutics  at  King's  CoU^e,  IxMulon.  The  Third  Edition, 
thoroughly  revised  and  enlarged  ;  with  0  Plates,  comprising  21  Figures  (14 
Coloured),  and  27  Illustrations  engraved  on  Wood.     8vo,  price  2is, 
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pLINICAL    RESEARCHES    ON    DISEASE    IN 

^     INDIA. 

By  Charles  Morbhkad,  M.D.,  Surgeon  to  the  Jamsetjee  Jecjeebhoy 
Hospital.     Second  Edition,  thorough  revised.    Svo,  21/. 

DISEASES  OF  T^HE^IDN^^         URINARY 

DERANGEMENTS. 

By  W.  HowsHiP  Dickinson,  M.D.  Cantab.,  F.R.C.P.,  &c,  Phjrsician  to, 
and  Lecturer  on  Pathology  at,  St.  Geoige's  Hospital ;  Physician  to  the 
Hospital  for  Sick  Children,;  Corresponding  Member  of  the  Academy  of 
Medicine  of  New  York.  In  Three  Parts.  Part  "L^Diabetes,  wim  3 
Plates  of  Figures  and  17  Woodcuts.  8vo,  price  los,  6d,  Part  II. — 
Albuminuria^  with  ii  Plates  and  31  Woodcuts,  price  2ar. 

*^*  The  Two  Parts  may  be  had  se]^rately,  each  an  independent  work  : 
Part  I. — Diabdts,  price  izr.  cloth.  Fart  II. — Being  the  Second  Edition 
Revised  of  Dr.  Dickinson's  **  Pathology  and  Treatment  of  Albuminuria," 
price  215,  cloth.    Part  III.,  completing  the  work,  is  in  the  Press. 
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ON 


CONCUSSION  OF  THE  SPINE,  NERVOUS 

SHOCK,  AND  OTHER  OBSCURE  INJURIES  OF  THE 
NERVOUS  SYSTEM,  in  their  Qinical  and  Medico-Legal 
Aspects. 

By  ToHN  Eric  Erichsen,  F.R.S.,  &c.  Consulting  Surgeon  to  UniTcrsity 
College  Hospital    Crown  8vo,  price  lor.  dd. 
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J3ENTAL  PATHOLOGY  AND  SURGERY. 

By  S.  James  A.  Salter,  M.B.,  F.R.S.,  Member  of  the  Royal  College 
of  Surgeons,  and  Examiner  in  Dental  Surgery  at  the  Collie;  Dental 
Surgeon  to  Guy's  Hospital  With  133  lUustratioDS  engraved  on  Wood. 
8vo,  price^i&r. 


PUBLISHED  BY  MESSRS.  LONGMANS  <&•  CO. 


QUNSHOT  INJURIES. 


Their  History,  Characteristic  Features,  Complications,  and  General  Treat- 
ment ;  with  Statistics  concerning  them  as  they  are  met  with  in  Warfare. 
By  Surgeon-General  T.  Longmore,  C.B.,  F.R.C.S.,  Honorary  Surgeon 
to  H.M.  Queen  Victoria ;  Professor  of  Military  Surgery  in  the  Armv 
Medical  School ;  Associate  of  the  Society  of  Surgery  of  Paris,  &c.  With 
58  Illustrations  engraved  on  Wood.     8vo,  price  3  if.  6r/. 

Contents : 

I.  Gunshot  injuries,  and  the  means  by  which  they  are  produced. 
II.  Causes  which  influence  the  nature,  characters,  progress,  and  ultimate 
issues  of  gunshot  injuries. 

III.  Characteristic  features  and  distinguishing  signs  of  gunshot  injuries. 

IV.  Primary  symptoms  and  complications  of  gimshot  injuries. 

V.  Aids  to  the  diagnosis  of  particular  features  and  complications  of 

gunshot  injuries. 
VI.  Secondary  complications  of  gunshot  injuries. 
VII.  Ulterior  consequences  and  disabling  effects  of  gimshot  injuries. 
VIII.  Treatment  of  gunshot  injuries. 
IX.  Administrative  arrangements  for  the  care  and  treatment  of  wounded 

soldiers  in  time  of  war. 
X.  Classification  of  gunshot  injuries  in  general  and  in  army  statistical 

returns. 
XI.  Statistics  of  gunshot  injuries  in  warfare. 
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INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 

LIDS  ; 

Their  Immediate  and  Remote  Effects.  By  George  Lawson,  F.R.C.S., 
Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorfields.  8v6, 
with  92  Woodcuts,  price  12^.  6</. 


TpHE    DIAGNOSIS    AND    TREATMENT    OF 

^      DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital ; 
Examiner  in  Obstetric  Medicine  to  the  University  of  London.  Third 
Edition,  revised,  and  for  the  most  part  re-written ;  with  several  additional 
Illustrations.     8vo,  with  132  Engravings  on  Wood,  price  241. 
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LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND  CHILDHOOD. 

By  Charles  West,  M.D.,  &c..  Physician  to  the  Hospital  for  Sick 
Children ;  Fellow  of  the  Royal  College  of  Physicians.  Sixth  Edition, 
revised  and  enlarged.     8vo,  price  i8x. 


8  WORKS  ON  MEDICINE^   SURGERY  vW. 


HINTS   TO   MOTHERS  FOR  THE  MANAGE- 

**    MENT  OF  THEIR  HEALTH  DURING  THE  PERIOD  OF 
PREGNANXY  AND  IN  THE  LYING-IN  ROOM  : 

With  mn  Exposure  of  Popular  Errors  in  connectioD  with  those  subjects,  and 
Hints  on  Nursing  By  Thomas  Bull,  M.D.  New  and  Cheaper  Edition, 
thoroughly  revised  and  improved.     Fcap.  Svo,  price  zr.  6^. 


XHE  MATERNAL  MANAGEMENT  OF  CHILDREN 

*      IN  HEALTH  AND  DISEASE. 

By  the  same  Author.  New  and  cheaper  Edition,  thoroughly  revised  and 
improved.    Fcap.  Svo,  price  2/.  dd, 

The  handbook  for  midwives. 

By  Henry  Fly  Smith,  M.B.  Oxon.,  M.R.CS.«  late  Assistant-Surgeon 
at  the  Hospital  for  Sick  Women,  Soho  Square.  With  41  Woodcuts. 
Crown  8vo,  price  5/. 


THOMSON'S     CONSPECTUS    ADAPTED     TO 

*      THE  BRITISH  PHARMACOPOEIA. 

By  Edmund  Lloyd  Birkett,  M.D.,  &c.,  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest  Latest  Edition,  with  Supple- 
ment containing  Notices  of  the  New  Medicines  and  Preparations  added  in 
1874  to  the  British  Pharmacopoeia.     iSmo,  dr. 


THE 


ESSENTIALS    OF    MATERIA    MEDICA 

AND  THERAPEUTICS. 
Bv  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College 
of  Physicians ;  Consulting  Physician  to  Kin^s  College  Hospital ;  late  Pio- 
fessor  of  Therapeutics  at  King's  College,  London.  The  Fourth  Edition, 
revised  and  edited,  under  the  supervision  of  the  Author,  by  £.  B.  Baxter, 
M.D.,  Professor  of  Materia  Medica  and  Therapeutics  in  King's  College, 
London  ;  Physician  to  the  Evelina  Hospital  for  Sick  Children ;  Assistant - 
Physician  to  King's  College  Hospital.     Crown  Svo,  price  I2f.  6d. 


r)R.    PEREIRA'S    MATERIA     MEDICA    AND 

^^    THERAPEUTICS, 

Abridged,  and  adapted  for  the  use  of  Medical  and  Pharmaceutical  Prac- 
titioners and  Students.  Edited  by  Professor  R.  Bentley,  M.R.C.S., 
F.L.S.,  and  by  Professor  T.  Redwood,  Ph.D.,  F.C.S.  With  an  Ap- 
pendix  containing  the  New  Medicines  included  in  1874  by  the  Medical 
Council  in  the  British  Pharmacopoeia,  and  Commentaries  tnereon  by  the 
Editors.     8vo,  with  126  Woodcuts,  price  25/. 
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DICTIONARY    OF    CHEMISTRY    AND    THE 

^^    ALLIED   BRANCHES   OF   OTHER  SCIENCES. 

By  Henry  Watts,  F.R.S.,  Editor  of  the  Journal  of  the  Chemical  Society, 
assisted  by  eminent  Scientific  and  Practical  Chemists.  7  vols.  8vo, 
£vo  ids,  dd, 

HIRD  SUPPLEMENTARY  VOLUME, 

Completing  the  Record  of  Chemical  Discovery  to  the  year  1876. 

[//I  prcparaiion. 
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£LEMENTS   OF   CHEMISTRY, 

Theoretical  and  Practical.     By  William  Allen  Miller,  M.D.,  D.C.L., 

LL.D.,  late  Professor  of  Chemistry  in  King's  College,  London.    Part  I. — 

CHEMICAL  PHYSICS,    Sixth  Edition,  revised  by  Herbert  McLeod, 

F.C.S.,  Professor  of  Experimental   Science,  Royal   Indian   Engineering 

College,  Cooper's  Hill.    SVith  274  Woodcuts.     8vo,  price  idr. 

In  the  present  Edition  short  notices  of  some  '  former  coUea^e,  Mr.  A.  G.  Grkkniiill,  Pro- 
of the  most  recent  discoveries  in  those  branches  >  fessor  of  Apphed  Mathematics  to  the  Advanced 
of  Physics  which  are  related  to  Chemistry    i    Class  of  the  Roval  Artillery  Institution.     Dr. 

Andrews  has  also  very  kindly  revised  and  cor- 
rected  that  portion  of  the  book  which  contains 
an  account  of  his  researches  on  the  Heat  of 
Combination  and  the  Condensation  of  Gases. 

Nearly  all  the  references  have  been  verified, 
and  the  year  of  publication  introduced.  It  has 
also  been  found  advisable  to  recalculate  all 
numbers  which  were  capable  of  such  treatment, 
and  thus  many  inaccuracies  have  been  dis- 


have  been  incorporated  in  the  work,  and  several 
new  paragraphs  have  also  been  introduced, 
especially  in  the  section  on  Polarization  of 
Light,  a  subject  which  is  becoming  of  great 
importance  to  the  chemist  iu  the  study  of  many 
organic  compounds. 

An  attempt  has  been  made  to  bring  the  ter- 
minology into  accord  with  the  views  of  the  pre- 
sent time,  and  in  this  the  Editor  has  received 


much  valuable  assistance  from  his  friend  and        covered  and  removed. 

1\/TILLER*S  ELEMENTS  OF  CHEMISTRY,  Part  II. 

^^^  INORGANIC  CHEMISTRY,  Fifth  Edition,  revised  [1874],  with 
Additions  by  the  same  Editor.     With  376  Woodcuts.     8vo,  price  21J. 

TV/TILLER'S  ELEMENTS  OF  CHEMISTRY,  Part  IIL 

^^^  ORGANIC  CHEMISTRY.  Fifth  Edition,  revised,  with  Additions  by 
H.  £.  Armstrong,  Ph.D.,  F.C.S.,  Professor  of  Chemistry  in  the  London 
Institution  ;  and  by  C.  E.  Groves,  F.C.S.,  &c     8vo.  \In  the  Press, 
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INTRODUCTION  TO  THE   STUDY  OF  IN- 


ORGANIC  CHEMISTRY. 


By  William  Allen  Miller,  M.D.,  D.C.L.,  LL.D.,  late  Professor  of 
Chemistry  in  King's  College,  London.  With  71  Figures  on  Wood. 
Small  8vo,  price  3^.  td. 
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QUANTITATIVE  CHEMICAL  ANALYSIS. 
By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,   Professor   of  Chemistry   in  the 
Andersonian  University,  Glasgow.   With  88  Woodcuts.   Small  8vo,  4J.  td. 
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QUALITATIVE  CHEMICAL  ANALYSIS  AND 
LABORATORY  PRACTICE. 

By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the  Ander- 
sonian University,  Glasgow;  and  M.  M.  PattisON  Muir.  With  Plate 
and  57  Woodcuts.     Smsdl  8vo,  price  3^.  dd. 
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INTRODUCTION   TO   THE   STUDY   OF   OR- 
GANIC CHEMISTRY; 

The  Cherriistry  of  Carbon  and  its  Compounds.  By  H.  E.  Armstrong, 
Ph.D.,  Professor  of  Chemistry  in  the  London  Institution.  Edited  by 
C.  W.  Merrifield,  F.R.S.    With  8  Woodcuts.    Small  8vo,  price  y.  6d. 
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A  COURSE   OF   PRACTICAL   CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  with  express  reference  to  the 
Three  Months'  Summer  Practice.  By  William  Odling,  M.A.,  F.R.S., 
Waynflete  Professor  of  Chemistry  in  the  University  of  Oxford.  Fifth 
Edition,  with  71  Woodcuts.     Crown  Svo,  price  6/. 
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CHEMICAL    NOTES     FOR    THE     LECTURE 

ROOM— ON  HEAT,  LAWS  OF  CHEMICAL  COMBINATION, 
AND  CHEMISTRY  OF  THE  NON-METALLIC  ELEMENTS. 
By  Thomas  Wood,  Ph.D.,  F.C.S.      Third  Edition.      Crown  Svo,  5^. 

NOTES  ON  THE  METALS,  by  the  same  Author,  Second  Edition,  price  5/. 

INTRODUCTION  TO  THE  STUDY  OF  CHEMI- 
CAL PHILOSOPHY  ; 

The  Principles  of  Theoretical  and  Systematic  Chemistry.  By  WlLLL^M 
A.  TiLDEN,  D.  Sc.  Lond.,  F.C.S.  Edited  by  C.  W.  Merrifield,  F.R.S. 
With  5  Woodcuts,  Small  Svo,  price  3^.  6d. 
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THE  ART  OF  ELECTRO  METALLURGY 

Including  all  known  Processes  of  Electro- Deposition.  By  G.  Gore,  LL.D., 
F.R.S.  Edited  by  C.  W.  Merrifield,  F.R.S.  With  numerous  Wood- 
cuts and  Diagrams.     Small  Svo,  price  dr. 

Select  methods  in  chemical  ana- 
lysis, CHIEFLY  INORGANIC. 

By  William  Crookes,F.R.S.,V.  P.  C.S.  With  22  Woodcuts.  CrownSvo, 
price  12s.  6d, 


THE  HISTORY,  PRODUCTS,  AND  PROCESSES 

^      OF  THE  ALKALI  TRADE. 

Including  the  most  recent  Improvements.  By  Charles  Thomas  King- 
ZETT,  F.C.S.,  Lond.  &  Berlin,  Member  of  the  General  Committee  of  the 
British  Association.     Svo,  with  30  Woodcuts,  I2J. 

ANIMAL  CHEMISTRY: 

-^^  Or,  the  Relations  of  Chemistry  to  Physiology  and  Pathology:  including 
the  Results  of  the  most  recent  Scientific  Researches  and  Experiments. 
By  the  same  Author.  [Nearly  ready. 

QN   ARTIFICIAL   MANURES, 

^^  Their  Chemical  Selection  and  Scientific  AppUcations  to  Agriculture.  By 
Georges  Ville.  Translated  from  the  Author's  MS.  and  edited  by  W^IL- 
LIAM  Crookes,  F.RS.,  V.P.C.S.  [^«  the  press. 
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A  NTHRACEN  ; 

Its  Constitution,  Properties,  Manufacture,  and  Derivatives,  including  Arti- 
ficial Alizarin,  Anthrapurpurin,  &c.,  with  their  Applications  in  Dyeing  and 
Printing.  By  G.  Auerbach.  Translated  by  W.  Crookes,  P\R.S. 
V.P.C.S.     8vo.,  price  I2J. 


A 


PRACTICAL     HANDBOOK     OF     DYEING 

AND  CALICO  PRINTING. 

By  W.  Crookes,  F.R.S.,  V.P.C.S.    With  ii  Page  Plates,  49  Specimens 
of  Dyed  and  Printed  Fabrics,  and  36  "Woodcuts.     8vo,  price  42J. 
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INDUSTRIAL  CHEMISTRY ; 

A  Manual  for  Manufacturers  and  for  use  in  Colleges  or  Technical  Schools. 
Being  a  Translation  by  Dr.  J.  D.  Barry  of  Professors  Stohmann  and 
Engler's  German  Edition  of  Pa  yen's  Prkis  de  Chimie  Industrielle,  Edited 
throughout  and  supplemented  with  Chapters  on  the  Chemistry  of  the 
Metah  by  B.  II.  Paul,  Ph.D.  In  One  thick  Volume,  8vo,  with  very 
numerous  Plates  and  Woodcuts.  [/«  the  press. 


Srieua  anir  |latural  Pist0rg* 

DRANDFS  DICTIONARY  OF  SCIENCE,  LITE- 

^     RATURE,  AND  ART; 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 
general  use,  together  with  the  History  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Edited  by  the 
Rev.  Sir  G.  W.  Cox,  Bart.,  M.A.,  Author  of  *  The  Aryan  Mythology,* 
&C.,  assisted  by  numerous  Contributors.  Revised  Edition.  3  vols. .medium 
8vo,  63J.  

TJRE'S   DICTIONARY  OF  ARTS,   MANUFAC- 

^     TURES,  AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  Seventh 
Edition,  completely  revised  and  gre&tly  enlarged  by  Robert  Hunt, 
F.R.S.,  Keeper  of  Mining  Records,  assisted  by  F.  W.  Rudler,  F.G.S. 
and  by  numerous  Contributors.  With  above  2000  Woodcuts.  3  vols, 
medium  8vo,  5/.  $/. 

yOL.  IV.— SUPPLEMENTARY, 

^       Completing  all  the  Departments  of  the  Dictionary  to  the  banning  of  the 
year  1877,  is  preparing  for  publication. 

£LEMENTARY^TRSmSElSN  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  EUmetits  de  Physique  (with  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Eighth  Edition,  revised  and  enlarged, 
with  4  Coloured  Plates  and  820  Woodcuts.     Large  crown  8vo,  price  151. 

•^*  In  the  present  edition  no  other  change  has  been  made  in  the  body 
of  the  work  than  a  slight  alteration  of  the  size  of  the  page,  which,  with  the 
addition  of  some  fresh  matter,  has  increased  by  about  sixty  pages  the  size 
of  the  book  as  it  stood  in  the  Seventh  Edition.  The  new  matter  includes 
sixty-two  additional  Illustrations. 


T^ATURAL     PHILOSOPHY    FOR    GENERAL 

^^    READERS  AND  YOUNG  PERSONS;  , 

Bdng  a  Coane  of  Phjrsics  divested  of  Mathematical  Fonmilx,  and  ex-  r 

pressed  in  the  language  of  daily  life.     Translated  from  Ganot's  dmrs  de  | 

Physique  {ynx\i  the  Author's  sanction)  by  £.  Atkinson,  Ph.D.,  F.C.S.  \ 

Third  Edition,   carefully  revised ;    with  20   pages    of   New  Blatter,  2  j 
Coloured  Plates,  and  429  Woodcuts,  of  which  24  are  New  in  this  Edition. 
Crown  8vo,  price  ^s,  td. 
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NTRODUCTION     TO    EXPERIMENTAL 

PHYSICS,   THEORETICAL  AND   PRACTICAL; 

Including  Directions  for  Constructing  Ph3rsical  Apparatus  and  for  Maldng 
Experiments.  By  A.  F.  Wei N hold,  Professor  in  the  Royal  Technical 
School  at  Chemnitz.  Translated  and  edited  (with  the  Author's  sanction) 
by  B.  LoKWY,  F.R.A.S.  With  a  Preface  by  G.  C.  Foster,  F.RS.,  Pro- 
fessor of  Physics  in  University  Collie,  London.  Illnstratod  by  3  Coloured 
Plates  and  404  Woodcuts.     9to,  pnce  3IJ.  6«/. 

arnotts   elemei^i^^^o^  physics   OR 

^^     NATURAL  PHILOSOPHY. 

Seventh  Edition,  edited  by  A.  Bain,  LL.D.,  and  A.  S.  Taylor,  M.D., 
F.R.S.     Crown  8vo,  Woodcuts,  12/.  6</. 
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HEAT  A  MODE  OF  MOTION, 

By  John  Tyndali^  LL.D.,  D.C.L.,F.R.S.,  Professor  of  Natural  Philosophy 
in  the  Royal  Institution  of  Great  Britain.  Fifth  Edition,  with  Plate  and 
1 10  Woodcuts.     Crown  8vo,  price  lor.  dd, 

COUND. 

By  the  same  Autlior.  Third  Edition,  revised  and  augmented,  including 
Recent  Researches  in  Fog-Sij;nalling ;  with  Portrait  and  190  Woodcuts 
and  Diagrams.     Crown  8vo,  price  loj.  6</. 

T  ECTURES   ON   LIGHT  delivered  in  America  in  1872 

and  1873.  Hy  the  same  Author.  Second  Edition,  with  Portrait  engraved 
on  Steel,  I  Lithographic  Plate,  and  59  Diagrams.  Crown  8vo,  price  Ts.  6d, 

CONTRIBUTIONS     TO     MOLECULAR     PHYSICS 

^^     IN  THE  DOMAIN  OF  RADIANT  HEAT. 

By  the  same  Author.     Witli  2  Plates  and  31  Woodcuts.     8vo,  price  i6j. 

"DESElARCHES  on  DIAMAGNETISM  AND  MAGNE- 

'■'^     CRYSTALLIC  ACTION ;  including  the  QuesUon  of  Diamagnetic  Polarit>'. 
By  the  same  Author.     With  6  Plates  and  many  Woodcuts.   8vo,  price  14s, 

T  ESSONS     IN     ELECTRICITY    AT    THE    ROYAL 
^    INSTITUTION  OF  GREAT  BRITAIN,  1875-6. 

By  the  same  Author.     With  58  Woodcuts.     Crown  8vo,  2s,  6d, 

TVfOTES    OF  A   COURSE   OF    SEVEN    LECTURES 

'*'^      ON     ELECTRICAL    PHENOMENA    AND    THEORIES.     By  the 
same  Author.     Crown  8vo,  price  is,  sewed,  or  is.  6i/.  cloth, 

]SJOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.     By  the  same  Author.     Crown  8vo,  is,  sewed,  or  is.  6</.  cloth. 

pRAGMENTS    OF  SCIENCE. 

By  the  same  Author.  The  Fifth  Edition,  revised  and  augmented  ;  with  a 
New  Introduction.     Crown  8vo,  price  lOr.  6d, 
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^IR    AND    RAIN; 

The  Bcginniiigs  of  a  Chemical  Climatology.  By  Robert  Angus  Smith, 
Ph.D.,F.R.S.,F.C.S.  (General)  Inspjcctor  of  Alkali  Works  for  the  Govern- 
ment    With  8  Illustrations.     8vo,  price  241. 

^IR  AND    ITS  RELATIONS   TO  LIFE; 

Being,  with  some  Additions,  the  substance  of  a  Course  of  Lectures  delivered 
at  the  Royal  Institution  of  Great  Britain.  By  Walter  Noel  Hartley, 
F.C.S.,  Demonstrator  of  Chemistry  at  King's  College,  London.  Second 
Edition,  revised ;  with  66  Woodcut  Illustrations.     Small  8vo,  price  6s. 
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fHE  CORRELATION  OF  PHYSICAL  FORCES. 

Sixth  Edition,  with  other  contributions  to  Science.  By  the  Hon.  Sir  W. 
R.  Grove,  M.A.,  F.R.S.,  one  of  the  Judges  of  the  Court  of  Common 
Pleas.     8vo,  price  I5j. 
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A  SHORT  MANUAL  OF  HEAT  FOR  THE  USE 

OF  SCHOOLS  AND  SCIENCE  CLASSES.  By  the  Rev.  A.  Irving, 
B.A.  and  B.Sc,  Second  Master  of  the  High  School,  Nottingham.  With 
33  Diagrams.    Small  8vo,  price  2j.  6</. 
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'P'HEORY  OF   HEAT. 

By  J.  Clerk  Maxwell,  M.A.,  LL.D.  Edin.,  F.R.SS.  L.  &  £.,  Professor 
of  Experimental  Physics  in  the  University  of  Cambridge.  With  41  Wood- 
cuts and  Diagrams.     Small  8vo,  price  31.  6</. 


/^vrv/>.y%/\r*  '^  ry.t\  t 


'p'HERMOD  YNA  MICS. 

By  Richard  Wormell,  D.Sc,  M.A.,  Head-Master  of  the  Middle-Class 
Corporation  School,  London.  Edited  by  Professor  G.  C.  Foster, 
F.R.S.,  and  P.  Magnus,  B.Sc,  B.A.  With  41  Diagrams.  Fcp.  8vo, 
price  If.  6d. 
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ASTRONOMY. 

^  By  Robert  S.  Ball,  LL.D.,  F.R.S.,  Royal  Astronomer  of  Ireland. 
Edited  by  Professor  G.  C.  Foster,  F.R.S.,  and  P.  Magnus,  B.Sc,  B.A. 
With  41  Diagrams.     Fcp.  8vo,  price  is,  6d, 

OUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart,  K.H.,  &c.  Member  of  the  Insti- 
tute of  France.  Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams. 
Square  crown  8vo,  price  12s. 

Celestial  objects  for   common  te- 
lescopes. 

By  the  Rev.  T.  W.  Webb,  M.A.,  F.R.A.S.,  Incumbent  of  Hardwick, 
Herefordshire.  Latest  Edition,  thoroughly  revised ;  with  Map  of  the  Moon 
and  numerous  Woodcuts.     Crown  8vo,  price  ^s,  6d, 
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J^  NEW  STAR  ATLAS, 


For  the  Library,  the  School,  and  the  Observatory,  in  Twelve  Cira|lar  Maps 
(with  Two  Index  Plates).  Intended  as  a  Companion  to  *  WebVs  Celestial 
Objects  for  Common  Telescopes.*  With  a  Letterpress  Introduction  on  the 
Study  of  the  Stars,  illustrated  by  9  Diagrams.  By  Richard  A.  Proctor, 
B.A.,  Hon.  Sec.  R.A.S.    Crown  8vo,  price  5^. 


CPECTRUM   ANALYSIS 

In  its  Application  to  Terrestrial  Substances  and  the  Physical  Constitution  of 
the  Heavenly  Bodies.  Familiarly  explained  by  Dr.  H.  Schellen, 
Director  dcr  Realschule,  Colop^e.  Translated  from  the  German  by  Jane 
and  Caroline  Lassell;  edited,  with  Notes,  byW.  Huggins,  LL.D., 
F.  R.  S.  With  1 3  Plates  (6  Coloured),  including  Angstrom's  and  KirchhoflTs 
Maps,  and  223  Woodcuts.     8vo,  price  2Sx. 
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THE    SUN:    RULER,    LIGHT,     FIRE,     AND 

^      LIFE  OF  THE  PLANETARY  SYSTEM, 

By  Richard  A.  Proctor,  B.  A.  Third  Edition,  revised ;  with  9  Plates 
(7  coloured)  and  1 10  Figures  engraved  on  Wood.    Crown  8vo,  price  141. 

QTHER  WORLDS  THAN  OURS; 

The  Plurality  of  Worlds  Studied  under  the  Light  of  Recent  Scientific 
Researches.  By  R.  A.  Proctor,  B.A.  Thira  Edition,  revised  and 
enlarged ;  with  14  Illustrations  (6  coloured).    Crown  8vo,  price  lor.  td, 

'PHE  ORBS  AROUND  US; 

A  Series  of  Familiar  Essays  on  the  Moon  and  Planets,  Meteors  and  Comets, 
the  Sun  and  Coloured  Pairs  of  Suns.  By  Richard  A.  Proctor,  B.A. 
Second  Edition,  with  Chart  and  4  Diagrams.     Crown  8vo,  price  ^s,  6d. 

]£SSAYS   ON  ASTRONOMY; 

A  Series  of  Papers  on  Planets  and  Meteors,  the  Sun  and  sun-surrounding 
Space,  Stars,  and  Star  Cloudlets ;  and  a  Dissertation  on  the  approaching 
Transit  of  Venus.  By  the  same  Author.  With  10  Plates  and  24  Wood- 
cuts.    8vo,  price  I2J. 

T  IGHT   SCIENCE  FOR  LEISURE   HOURS; 
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